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James Rowland Angell, 1869-1949, Psychologist-Educator 

Walter Miles, Yale University 


J AMES ROWLAND ANOELL made substantial 
and brilliant contributions to the science, edu¬ 
cation, and culture of his time. What he did 
and the influence he exerted, not only in the 
l nited States but internationally, are part and parcel 
of our most cherished achievements of the last half- 
century. He went all out for man, 'With clear 
vision, he saw that human progress and development 
lay along the road of research and cooperation. A 
master in the scientific study of the mind and of 
human behavior, he sought by lucid, analytical writ¬ 
ing; by entertaining, summarizing addresses; and by 
wise administrations to realize on the implications of 
sciontilie research for the improvement of human liv¬ 
ing and achievement. He was an opener of the mind's 
eye. His salty Yankee comment both stimulated and 
challenged alt who heard his dry voice, and left endur¬ 
ing traces in their memories. He never overreached 
himself; his points and objectives were not huzy or 
chimerical; his readers and auditors were not left 
with a flat or helpless feeling, but rather with hope 
and determination. In several different capacities, he 
exercised what must be accounted great administrative 
authority, but he did not push people around, or wave 
a big stick. He was companion, friend, teacher, and 
leader, and understood not only human foibles and 
frailties, but how to energize human capacities, power, 
and strength. 

Jim Angell was born in Burlington, Vermont May 
8, 1869, the youngest of three children. His mother, 
Sarah Swope Caswell, was a descendant of Peregrin 
White, of Mnyflower fame. His brother, Alexis Cas¬ 
well, twelve years older, became a judge on the fed¬ 
eral bench. His sister, Lois Thompson, six years 
older, became the wife of an historian, Andrew C. 
McLaughlin. When Jim was born, his father, James 
Burrill Angell, was president of the University of 
Vermont. Ho had formerly been professor of mod¬ 
ern languages at Brown University, and editor of the 
Providence Journal for six years. Subsequently he 
was the distinguished president of the University of 
Michigan for 38 years. In the latter academic house¬ 
hold and Community Angell grew up. It is not with¬ 
out interest to note that John Dewey, who greatly in¬ 
fluenced Angell’s early scientific outlook and profes¬ 
sional life, was also bom in Burlington, Vertnontand 
years his senior. Choice hereditary and en¬ 


vironmental factors were not lacking and there was 
a virile religious family background. Jim’s health 
was impaired by recurrent attacks of malaria, and by 
scarlet fever, which produced deafness in one ear. 
In his home he had a large amount of adult associa¬ 
tion: with his parents, the academic community, and 
many distinguished visitors. Among the latter he has 
recalled Cannon Farrar, Matthew Arnold, Andrew 
White, and Grover Cleveland. In his biography he 
says, “I was practically on my own, for my brother 
and sister were too much my elders to be companions 
in any intimate sense" (£). 

After graduating from public school and starting 
high school in Ann Arbor, he spent a year and one- 
half in China, where his father had been sent as 
United Slates Minister. Jim, having completed high 
school, entered the University of Michigan and re¬ 
ceived his B.A. in 1890, and his M.A. in ’91. As an 
undergraduate at Michigan, Angell's intellectual in¬ 
terests seem to have been aroused first by the study 
of Greek nnd then more especially by philosophy and 
psychology. The latter was under John Dewey, who 
h::d n c utly published a psychology text. Williston 
Hough taught him British philosophy, and with James 
H. Tufts he studied the general history of philosophy. 
The climax of his Michigan experience wad ft seminar 
with Dewey on William James' recently published 
Principles of psychology . Angell has said that this 
book, more than any other, profoundly influenced his 
thinking foi* the next twenty years of his life. 

Fresh from this stimulating graduate year at Mich¬ 
igan, and on the recommendation of Dewey, he went, 
in the fall of 1891, to the Graduate School at Har¬ 
vard, and studied under James, Royce, and Palmer. 
Taught and stimulated by this remarkable faculty, he 
was yet undecided whether to follow philosophy or 
psychology. After taking his M.A. at Harvard in 
'92, he went to Europe, as so many of the brilliant 
graduate students of his period did. Finding Wundt's 
laboratory at Leipzig full, he spent his first semester 
at the University of Berlin, where Ebbinghaus was 
lecturing on psychology and Paulsen on ethics. Also 
he occasionally audited the lectures of Helmholtz and 
other eminent scholars there. The second semester 
was spent at Halle under Erdmann in psychology and 
with Vmihinger on the philosophy of JEant 
became a candidate for the doctor's degree and wrote 
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a thesis on “The Treatment of Freedom in Kant’s 
Critique of Pure Reaeon Compared with the Critique 
of Practical Reason.^ His thesis had been necepted 
and returned for revisions when he received an offer 
to become instructor in philosophy and psychology 
at tlie University of Minnesota. Accepting this offer 
meant immediate departure for America. Revision 
of his thesis was consequently put off, and he did not 
receive his degree from Berlin then or later. 

In beginning his work as a teacher, aa a laboratory 
organizer and director, and as a research worker, 
Angell was singularly fortunate in his choice of posi¬ 
tions. Moreover, he entered the field of psychology 
at its most formative period and when only eight 
American institutions had ventured to open labora¬ 
tories. , In the period 2890-1892, that is, between his 
senior year at Michigan and his M.A. at Harvard, 
twelve new psychological laboratories were started. 
These included Michigan and Yale, but not Minnesota 
or Chicago, both of which awaited Angelas advent. 
His record as a student at Michigan and at Harvard 
was highly recommendatory to him. He knew, had 
studied with, and was favorably known by men who 
were already leaders or later became leaders. The 
American Psychological Association, organized in 
1892, elected him to membership the following year, 
at the age of 24. His name was starred in the first 
edition of American men of science, 2906, the same 
year he was president of the American Psychological 
Association. His reputation ns a teacher, as a re¬ 
searcher, and as a research director grew rapidly, 
on a solid foundation of keen scientific insight and 
steady, devoted application to work. Frank Angell, 
the noted older psychologist of Stanford University, 
was his cousin. And although it may be said that 
Jim’s academic background and connections may have 
tugged at his bootstraps, be was certainly not lacking 
in energy, drive, or headwork. He produced abun¬ 
dantly and in good quality, and graduate students 
were attracted from all over the country. 

Only one year was spent in a vigorous workout at 
Minnesota—arranging and teaching courses, building 
up a psychological laboratory, and introducing a 
course in laboratory methods. Students and faculty 
associates alike were pleased and stimulated by these 
developments, which were aided materially by the 
chairman of the Department of Philosophy and Psy¬ 
chology there, Willis ton Hough, AngelPs former Mich¬ 
igan teacher. John Dewey was now head of the 
Department of Philosophy at the University of 
Chicago. Angell was offered an assistant professor¬ 
ship there, with the opportunity of taking charge of 
the laboratory and the coatees in psychology. Thus, 
ip 1808 he began hie mmv as psychologist at Chicago, 


which terminated in the academic year 1918-1919, 
when he was acting president of that university. 

Angell’s scientific writings, aside 'from his unpub¬ 
lished doctoral dissertation, first took the form of 
critical reviews of scientific literature on memory, 
thought and imagery, habit and attention. Shortly. 
after his Chicago laboratory was going, however, there 
began a series of joint publications with his students 
on experimental studies. These included contribu¬ 
tions to such topics as the influence of attention and 
habit on reaction time, the organic effects of agree¬ 
able and disagreeable stimuli, the relations of dermal 
and optical sphcc, monaural localization of sound, and 
the relation of organic processes to consciousness (fan* 
a bibliography to 1931 see reference 5). Rooted in 
laboratory research results and nurtured by discus¬ 
sions with Dfcwey and others, there gradually grew up 
in Angell’s mind a newly organized scientific outlook 
for psychology, which came to be known as “func¬ 
tional psychology,” in contrast to the “structural” 
point of view. Angell championed the position that 
psychology is the science of mental operations rather 
than the science of mental elements. This position, 
sometimes designated as the “functional school” (4), 
was clearly foreshadowed in his psychology textbook 
of 1904, which had the supplementary title, “An In¬ 
troductory Study of the Structure and Functions of 
Human Consciousness.” His text was very successful 
and reached a fourth edition in 1908. In his presi¬ 
dential address before the American Psychological 
Association in 1906 on “The Province of Functional 
Psychology” he gave this point of view its clearest 
statement and strongest impetus. The functional 
formulation was strengthened through interest at the 
time in the development of educational psychology, 
experimentation on animals, and the study of intel¬ 
ligence through mental tests. 

Angell’s efforts to mold psychology into something 
more respectable and presentable among the sciences, 
as well as more representative of the range of man’s 
psychological life, were no doubt in part stimulated by 
his very close association with leading scientists in 
other fields. Albert Michelson was his warm friend 
and tennis companion, Jacques Loeb and Henry Don¬ 
aldson were next-door neighbors. Robert Millikan, 
Henry Gale, Eliakim Moore, Julius Stieglitz, and 
George Hale, to mention some who represented the 
exact sciences, were among his close friends and con¬ 
stant associates. Even Angell’s ready and brilliant 
wit could not wholly satisfy such associations;, his 
science had to be good. It had to be founded on 
something solid, its experimental and quantitative 
data demanded integration around an aceeptable and 
practical philosophic viewpoint. Angell vrae not look- 
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hag under this stimulation. He played everything he 
had and hit the psychological jack pot; many excel¬ 
lent students were attracted to his laboratory, and 
through them and their successful careers his influence 
was multiplied. 1 

Throughout the period of his de&nships at the Uni¬ 
versity of Chicago, 1908-1019, Angell continued to 
direct the psychological laboratory and to be produc¬ 
tive in psychological writing and editing. He brought 
out his second volume, Chapters from modern psy¬ 
chology ,: in 1912, remodeled his introductory text in 
1913, and again in 1918. He published a considerable 
number of articles, and contributed chapters. In con¬ 
nection with the American Psychological Association 
Angell was a leader in standardizing experimental 
procedures and mental tests and in organizing lab¬ 
oratory courses and apparatus for psychology. He 
thus played a prominent role both in systematizing 
the objectives and content of the young science of 
psychology, and also in organizing its teaching as a 
laboratory science and promoting its applications in 
the broad field of American education. 

In World War I, Dean Angell participated on u 
full-time basis with other psychologists in devising 
and adapting psychological methods to the large task 
of classification of personnel in the Army. Later he 
was an advisory member on the Committee on Edu¬ 
cation and Special Training. At the end of the war 
he became full-time chairman of the newly organized 
National Research Council, which he served during 
the year 1919-1920. The Council, created as an 
operating agency under the National Academy of 
Sciences by President Woodrow Wilson, largely took 
form under the direction of Angell’* associate and 
friend, George E. Hale. For a few months prior to 
AngelTs chairmanship, John C. Memara, later to 
become president of the Carnegie Institution of Wash¬ 
ington, had served in this capacity. 

The quality of Jim Angell’s mind, his ability to im¬ 
merse himself in a large amorphous subject, to sort 
out its logical relations, to see practical implications, 
and to present the subject in challenging description 
and orientation for his fellows is illustrated in his 
leadership of the National Research Council Shortly 

* In his autobiography (page 38) Angell mention# the fol¬ 
lowing among hie women student*: Helen Thompson Woolley, 
June Downey, Florence Richardson Robinson, Kate Gordon. 
Jessie Allen Charters, Ada Hart ArUtt, Grace and Mabel 
Feroald, Mary Hayes, Stella B. Vincent, Helen Koch, Jean 
Weldsnsall, Dagny Sunne, and Eflwlna Abbott Cowan. 
Atnopg hie men students be lists: John B. Watson, Joseph. 
Harvey, and John Peterson, Walter Hunter, Harvey Carr, 
Beardsley Ruml, Clarence Yoakum, Curt Rosen©w, L. L, 
Thurstono, Joseph Hayes, Myron L. Ashley, Walter V. Blng- 
kem, Henry F. Adams, Edward S. Robinson, Harry D. Klf- 
tien, Carl Rahn, Conrad t. Kjerstad, Jacob R. Kahtor, Louie 
W. Whhb, F. A. C. Perrin, Toaeph T7. Yarborough, miner K. 
Guiles, and Rutledge T. WOtbank. ■ 


after becoming chairman, he addressed the Twenty - 
First Annual Conference of the Association of Amer¬ 
ican Universities on the subject, “The Organization of 
Research’ 1 (1). In this address, which is one of the 
most comprehensive and lucid statements of the plat¬ 
form of science, and as applicable now as then, he 
analyzed the concept of research, and the distribution 
of research functions. He discussed personnel, train¬ 
ing of research men, organization, and cooperation in 
research, and presented the possibilities opened up 
through the creation of the National Research Council. 
Concerning the fundamental nature of research, 
Angell said: “I would accordingly urge that in our 
conception of research we look beyond the peculiar 
combination of intellectual traits, which may char¬ 
acterize any one individual, and think of it as the 
organized technique of science itself for its own 
propagation. It is, so to speak, the reproductive 
process of science. When thus conceived it takes on 
a far larger and more momentous aspect than when 
thought of, as too often at present, as being a mere 
appendix to the processes of ncieuce, a sort of luxury 
of the scientific idle rich.” 

While Angell was chairman of the National Re¬ 
search Council (1920) he was elected to the National 
Academy of Sciences. He was the sixth psychologist 
to be elected to the Academy. 3 His maternal grand¬ 
father, Alexis Caswell, mathematician and astronomer 
and sometime president of Brown University, was one 
of the fifty charter members. Also during 1920 the 
Carnegie Corporation made a large gift for the sup¬ 
port of the National Academy and the Council and 
for the erection of a stately building on Constitution 
Avenue in Washington. In association with Robert 
Millikan and George Hale, Angell was successful in 
securing from private sources the considerable fund 
required to purchase the site where the building now 
stands. These activities brought him into close toueh 
with Elibu Root and the Board of Trustees of the 
Carnegie Corporation. Mr. Carnegie had died in 
1919, and before and following his death the affairs 
of the corporation had been under the guidance of h 
small board of trustees with Mr. Root as chairman. 
The board now invited Mr. Angell to become president 
of the corporation. This unprecedented offer, if 
yielded to, meant severing his connection with uni¬ 
versity work, and dismissing the attractive and strong 
probability of his succeeding President Judson at the 
University of Chicago. It was a difficult decision, 
but he accepted this new^y created and broad executive 
position—to which, needless to say, he brought large 
competence and vision. 

* Thoae Whcae election preceded that of Angell were : James 
McKee* Caftan (mi). William Jamea (1008), Joaiah lKeyce 
Bewey ( 10 * 0 ), *nd fiv Stanley Halt | 
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These two years in Angelica life—the first as chair¬ 
man of the National Research Council and the second 
as president of the Carnegie Corporation—proved to 
be important for the future of Yale University, They 
were eu pert raining and broadening years, which 
against Mr. Angoll’s solid scientific and educational 
background, at the age of 52, prepared him obviously 
and exceptionally to succeed Arthur Hadley as presi¬ 
dent of Yale in 1921. Not for a century and a half 
had Yale chosen a leader outside the frame of its 
own traditions. In prospect, the “bulwark of tradi¬ 
tion^ must have looked somewhat ominous, but Mr. 
Angell won hands down. As an adopted son, or per¬ 
haps it was naturalized stepfather, he was readily 
accepted by students, faculty, and alumni. His six¬ 
teen years as president of Yale were effective and 
brilliant, and constitute a great period in the history 
of that institution. In his administrative office he had 
the loyal, devoted, and skillful support of George 
Day, Thomas Farnam, Robert Hutchins, Carl Loh- 
mann, Wilbur Cross, and Charles Seymour, as top 
team. The combination was good. Developments too 
numerous to mention took place; the educational cli¬ 
mate of the country was ready for them and was im¬ 
proved by them. Mr. Angell was successful in con¬ 
vincing the Yale alumni that the university's accept¬ 
ance of the munificent gift of Edward S. Harknese 
for the establishment of the residential college system 
constituted a great step forward. The adoption of 
“the College Plan” will always be remembered as one 
of the notable achievements of his administration. 
It was on February 22, 1930 that Mr. Angell an¬ 
nounced the adoption of the residential college system 
at Yale and the appointment of the first master in the 
person of Robert D, French. Another accomplish¬ 
ment which should also never be forgotten was the 
success of the movement, initiated at Angell's urging, 
for the enlargement of the university's endowment. 
Carried forward under his enthusiastic leadership, the 
campaign resulted in obtaining the then incredibly 


large sum of twenty million dollars for the making 
"of a finer, not a bigger Yale.” To this project over 
22,000 of Yale's friends pledged support in one year. 

In 1937 no one was concerned that Mr. Angell at 
retirement would be lacking employment. What over¬ 
tures or offers he received arc not publicly known. 
But that he became educational counselor for the Na¬ 
tional Broadcasting Company is no secret. What he 
did in this new educational position as a kind of 
presiding judge over the content broadcast by radio 
waves around the globe, and what influence thiB may 
have had on man and his ^destiny only The Almighty 
knows. That his counsel was sought and valued and 
acted upon in an ultramodern institution staffed by 
brilliant, imaginative young men, who chose and ac¬ 
cepted him as a colleague in their great exploratory 
enterprise,* must have given him deep satisfaction. 

The term “emeritus” never fitted well in Angelas 
case, except perhaps on the page of a college catalog. 
From the age of 45 or 50 to the very end of his gal¬ 
lant life, in New Haven on March 4, 1949, he was 
in constant demand to serve on committees, commis¬ 
sions, and boards of directors, and as a speaker on all 
sorts of select occasions. He could shift the mood 
of an audience as easily and as nonchalantly as he 
changed his spectacles but he never let them leave 
without some new and important mental imprint. 
Numerous published addresses reveal President An¬ 
gell's qualities of mind and something of his charm¬ 
ing personality, but unfortunately they seldom include 
many of the humorous asides that so characteristi¬ 
cally accompanied his associations and appearances. 
Scores of these are treasured memories, as for ex¬ 
ample, when after walking in the rain in the proces¬ 
sion at the Harvard Tercentenary, he said: "This is 
one of the ways in which Harvard soaks the rich*” 
Ills type and his order of achievement appear rarely 
in any generation. Science and education in its for¬ 
ward progress will look back to him with admiration 
and affection. 
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Smear Preparations for the Electron Microscopy 
of Animal Chromosomes 1 

Jack Schultz and Robert C. MacDuffee* 

Lankenau Hospital Research Institute and 
The Institute for Cancer Research, Philadelphia 

Thomas F. Anderson 

Eldridge Reeves Johnson Foundation for Medical Physics , 


University of Pennsylvania , Philadelphia 

A N ESSENTIAL REQUIREMENT for an 
electron microscope preparation is that it 
^paes the test of light microscopy: its struc¬ 
ture should appear at least as well preserved as the 
best conventional preparations for cytological study. 
The most useful procedure for the analysis of chro¬ 
mosome structure in the light microscope has been 
the so-called squash or smear technique. The squash¬ 
ing or smearing of cells between slide and cover slip 
is used to break the nucleus, thus setting the chromo¬ 
somes free for study, and furnishing specimens with 
regions that are stretched so thin that details of the 
internal structure can be looked for. Until the pres¬ 
ent work, no successful routine had been developed 
by which the smear technique could be adapted to 
furnish electron microscope preparations. 

Methods previously employed for the electron 
microscope study of chromosomes include isolation 
of the individual chromosomes by mitoodissection (1, 
3-5 ); the preparation and isolation of chromatin 
threads by differential centrifugation of disrupted 
nuclei (tf); and the cutting of very thin sections of 
embedded tissue ( 4 , 8). 

The procedure to be described here is an adaptation 
of the standard cytological smear technique, and pro¬ 
vides preparations suitable for study in both light 
and electron microscopes. 

1. Primary fixation aquwth. The first step in 
the procedure is carried out as for conventional light 
microscopy. In making good squash preparations 
one must fix the material rapidly enough to preserve 
structure, without hardening it so much that it cannot 
be stretched. A flxative-stnin containing 2 percent 
orcein and 60 percent acetic acid is satisfactory for 
both types of cell studied here, Drosophila salivary 
gland cells and the spermatocytes of man. The ma- 

1 Aided by fig institutional grant from the American 
Cancer Society to The institute for Cancer Research, and 
by Contract NC-orMCS Taek Order H between the Navy De¬ 
partment and the Trustees of the University of Pennsylvania. 

* Present address, Army Medical Department Research and 
Graduate School, Army Medical Cettter. Washin«to« 136, ». C* 


terial can be dissected either in the appropriate 
Ringer’s solution, or in the fixative-stain. In either 
case, dissection should be followed by about ten min¬ 
utes in the fixative-stain, to a fresh drop of which the 
material is then transferred. A clean cover slip is 
mounted over it, held at one side with a piece of 
blotting paper, and tapped with a needle under the 
dissecting microscope, first to spread the cells into a 
single layer, then more forcibly to break the nuclei. 
They are then compressed still further by rolling the 
thumb, with maximum force, over a fresh piece of 
blotting paper placed upon the cover slip to remove 
excess fluid from the preparation. 

2. Transfer to formvar film . The preparation is 
frozen over a block of dry ice, after which the cover 
slip can be pried off with a chilled razor blade. Part 
of the material then adheres to the slide and part 
to the cover slip. On the desired part of the prepa¬ 
ration is then placed a drop of 95 percent glycerine 
and 5 percent saturated aqueous solution of lanthanum 
acetate. The lanthanum acts as an additional fixative, 
important for preserving the structure through the 
Inter treatments, and possibly serves as an electron 
stain for the nucleic acids. 

A slide or cover slip previously coated with a 
formvar film approximately 200 A thick is quickly 
placed over the cellular material. Inserted into the 
jaws of a vise, the preparation is pressed firmly 
against the film, but not so forcibly as to smash the 
chromosomes. The preparations are now examined 
under the light microscope, and failures are discarded. 

Slide and cover slip together are now placed in a 
Coplin jar containing a third fixative, a solution of 
three parts saturated picric acid, and one part for¬ 
malin (40 percent formaldehyde). After six to twelve 
hours in this solution, the slide and cover slip will have 
separated, leaving some of the chromosomes attached 
to the formvar film. 

3* Dehydration. The preparation on the film is 
now rinsed in distilled water and carried through the 
usual series of increasing concentrations of alcohol, 




and finally through two changes of absolute alcohol. 
Following this, it is placed in a 0,5 percent solution 
of collodion in absolute alcohol for ten minutes. On 
ntmoval, the preparation is allowed to dry in air and, 
being imbedded in collodion, suffers little or no dis¬ 
tortion. 

Extractable collodion is then removed with absolute 
alcohol, two changes of two hours each. The prepara¬ 
tion can now be dried once more, without visible dam¬ 
age to the structure. 

4. Selection of region for study, the preparation 
is ready for an exploratory examination under the 
high dry objective. The region found appropriate 
for study is cut around with a dissecting needle and 
teased up to permit a drop of water to flow under 
the plastic film (9), the drop being confined by a ring 
drawn with a wax pencil. The supporting grid for 
um in the electron microscope is then dipped Under 
fhfc ffisn and the water is drawn off with a piece of 


blotting paper. A small amount of detergent in the 
water facilitates wetting the grid. 

5, Examination under oil immersion (light muiro- 
scope), The dried preparation, screen and all, may 
now be immersed in oil—cedar oil, for example--so 
that favorable regions can be studied and photo¬ 
graphed under optimal conditions for light micros¬ 
copy. By'gentle washing in chloroform, the oil may 
be removed from the specimen, which is then ready 
for study in the electron microscope. 

An example of the results obtained by our pro¬ 
cedure is shown hi Fig. 1. It is a light microscope 
photograph of part of a larval salivary gland nucleus 
of Drosophila melanogaster. Larvae from homosy- 
goufi Oregon B stock were used, containing mutants 
gl and w°. We have identified the chromosome re¬ 
gions according to the maps of Bridges .(2), Sec¬ 
tions 44 to 59 of chromosome 2B are outlined bjr the 
rectangle of the figure. Unidentified portions of chro- 
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mosomes X and 2L can also be seen. In Fig. 2, a 
montage of a series of electron micrographs of this 
same section is shown. It is distorted somewhat by 
breaking of the formvar film. It is clear that the 



Fio. 4. 


bands of the light microscope map, corresponding 
Id the Feulgen-positive, ultraviolet-absorbing regions 
shown to be nucleoprutein in character, are also the 
legions of greatest density to the electron beam. 

In Fig. 3, a higher magnification shows fine struc¬ 
tures. The bands are seen to be composed of a multi¬ 
tude of particles like those seen in the thin sections 
of Pease and Baker (£), and in the replica prepara¬ 
tions of Palay and Claude (7) demonstrated in a lec¬ 
ture at the University of Pennsylvania. Pease and 
Baker have made a somewhat detailed discussion of 
the fine structure of their preparations. Our results, 
so far as they go, are not in contradiction to theirs. 
However, it is too early to give support to their sug¬ 
gestion that the character of a band is determined by 
the size and shape of the individual particulate bodies 
of which it is composed. 

The less dense interhand regions show varying num¬ 
bers of fibrils extending from one band to the next. 


On these fibrils small globules can be seen, sometimes 
regularly, sometimes irregularly spaced an adjacent 
fibrils. The irregularities are perhaps due to unequal 
stretching. If the globular particles represent types 
of bands, they would be below the liraita of resolution 
of the light microscope. The fibrils that carry the 
globules have roughly the same diameter within one 
interband space. The larger fibrils may, however, be 
aggregates of smaller ones, some of which are just 
resolved. It would be premature to discuss the rela¬ 
tion of these fibrils to theories of the structure of the 
giant chromosomes. 

Fig. 4 shows an electron micrograph of a similarly 
prepared human pachytene chromosome, from the 
same type of material as that used in the study of 
the nucleolar chromosome of man by Schultz and St. 
Lawrence (10). Here also the alteration of density, 
corresponding to chromomere and interchromomeric 
regions, can be seen. The picture corresponds quite 
well to the studies in similar stages in Lilium (Elvers) 
and Zea (Buchliolz). In the present micrographs it 
is possible to see a fine structure of fibrils in the 
interchromomeric regions (interbands). 

The identification of genes with definite areas of the 
chromosomes of Drosophila was made possible as the 
result of a correlated study of the genetics and 
cytology of chromosome rearrangements. With the 
present technique, it is evident that the study can be 
extended to the electron microscope, and a basis laid 
for a discussion of the relation of the ultrastrueture 
of the chromosomes to the genes. Similarly, as in 
human material, where chromomeres are at the limit 
of resolution of the light microscope, the use of the 
electron microscope is essential to further progress 
in mapping chromosomes. 
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Absorption of Radioactive Phosphorus by 
Mycorrhizal Roots of Pine 1 

Paul J. Kramer and Karl M. Wilbur- 

Department of Botany, and Xtepartment of Zoology, 

Duke University, Durham 

It has been demonstrated that under certain conditions, 
especially when growing in infertile soil, tree seedlings 
bearing mycorrhizal roots grow better than those which do 
not possess mycorrhizae. The improved growth ap¬ 
parently results from greater absorption of mineral nu- 
trients. Routien and Dawson (d), for example, found 
that seedlings of Pinus echinata possessing mycorrhizae 
absorbed more calcium, magnesium, iron, and potassium 
than seedlings lacking mycorrhizae, and McComb and 
Griffith (jp) found the same to be true of certain other 
species of conifers with respect to phosphorus. Hatch 
(2) attributed most Of the beneficial effect of mycorrhizae 
to the incr e ased absorbing surface, bnt others (£, 3) be¬ 
lieved tfie higher metabolic activity of mycorrhizal roots 
tiTboThe Eause oFtfielr greater intake of mipetais. 

~ Apparently no direct measurements of mineral absorp¬ 
tion by mycorrhizal roots have boon made, the conclu¬ 
sions concerning their high efficiency as absorbing struc¬ 
tures being based on differences in growth and in 
chemical composition of plants possessing them as com¬ 
pared with plants lacking them. Bj immersing roots in 
radioactive phqsphoxUB and preparing radio autographs' it 
Is possible to obtain direct evidence concerning the rela¬ 
tive amou nts of phosphorus absorbed by varipua Too t 
re gio ns. This method was used to compare the amounts 
~ of phosphorus accumulated in mycorrhizal and non- 
inycorrhizal roots of pine seedlings. The species used 
were loblolly pine (Pinu* tae&a L.) and red pine {P< 
rcainofia Ait.). 

Pieces of root 10 to 35 cm in length obtained from 
potted pine seedlings were carefully washed in distilled 
water, and gently freed of bits of soil and other foreign 
matter with a camel's hair brush. P“, essentially car¬ 
rier-free, was obtained in acid solution and was diluted 
with distilled water to the desired activity which varied 
from 100-500 p,c 1 in various experiments. The pH of 
the soTutlou wRB adjusted to about 645 with No OH. Boots 
were exposed for 3 or 4 hr to the radioactive solution in 
shallow dishes to insurc adequate aeration. They were 
then rinseST in distilled water for 30 sec, in 0.001N H*P0 4 
for lO sec, and again rinsed in distilled water for 80 sec. 

/This work was made possible by equipment supplied to 
Duke University through a contract with the Office of Naval 
Research (NTtror 46604). 

1W* wish to acknowledge tpe generous cooperation Of Dr, 

N> 8, Hall of North Carolina Bute College of Agriculture, 

■ ^JPhttlp Handler of the School ot MediclhC, and Hr, Del, 
*** Seevets of the Physics Departwent of Dpke University, 
l; asffietanoe of bliss Susanna H, Berger,. ■ \ 


L PAPERS. 

The acid rinse was used to aid In freeing the surfaces of 
the roots from adsorbed radioactive phosphorus by ex¬ 
change. The washed roots were blotted and dried between 
glass plates. Medium lantern slides were then placed 
with emulsion side toward the roots, hut separated from 
them by sheets of aluminum foil, 0.01 mm thick, for 
periods ranging from a few hours to 3 days, depending 
on the activity of the roots, j 



Fro. 1. Photographs (actual size) of portions of roots of 
red pine seedlings grown in soli, showing unsuberlted (lower 
portion of each root) and Suberized regions, myoorrhlanl 
clusters (upper portion of lb), and short branches. Many of 
the latter appear to b« pseudomycorrhUal or nonmycorthlsah 

Photographs of typical roots of red pine are shown in 
Pig. 2, a and b, and their radioautographs in Pig. 8, a 
and b. These roots were cut into i-cm segments and the 
activity of eaeh segment was measured with a Geiger- 
Miiller counter. The relative activity each segment is 
indicated on the autographs. 

As would be expected, there is less | t>ho snbarus ac¬ 
cumulated in the completely suberized pottf ona of the 
main roots than in theTunsi^rised region near the root 
tips. This is apparent in Pig. 2a and the left hand 
root of Fig. 2b. The, right hand root in Pig, 2b is test 
mature and the numerous branches are scarcely visible. 
The eoralloid clusters of myoorrhiaal rootq {s^per por¬ 
tion of Pig. 2b) show the largest accumulation, import- 
ing the oemmon belief that theyate 
nutrient intake.' Perhaps even mo^ 
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relatively great accumulation of radioactive phosphorus 
by the short branch roots, even by those which show none 
of the hypertrophy or dichotomous branching character¬ 
istic of typical myeorrhizme. Some of these branch roots 
resemble those pictured by Hatch (J) in his Plate III, 
A, B, and F, and in Plate XIII, B, and described as non¬ 
mycorrhizal or pseudomycorrhizal roots. These he be¬ 
lieved to be of negligible importance in the absorption of 
nutrients. Although these roots appeared to be suberized 
almost to their tips and therefore had a very limited 
absorbing surface we found that they accumulated sur¬ 
prisingly large amounts of phosphorus. Measurements 
of radioactivity indicated that the tips of the main roots 



It appears possible that the increased accumulation of 
phosphorus by mycorrhizal roots may not result only fro m, 
increased surface but jverhaps may be related - to a 
greater capacity for absorption because of high m eta¬ 
bolic activity^ Routien and Dawson found the oxygen 
/consumption of mycorrhizal roots to be two to four times 
/that of nonmydorrhizal roots. In preliminary experi¬ 
ments we have found that 10-3 M sodium azide, which may 


be expectecTto inhibit oxygen consumption, reduces the 
tacoumulationT of P M by both mycorrhizal and nonmycor-. 
rhizal roots. "Study of the effect of respiration inhibitors 
was complicated by variations in proportion of mycor¬ 
rhizal to nonmycorrhizal tissue in root samples, making 1 
quantitative comparisons difficult. 

The results of these experiments show that mycorrhizal 
portions of roots of pine can accumulate much larger 
quantities of phosphorus than nonmyoorrhizal portions. 
Root segments bearing short, unbranched, paeudouaycor- 
rhiznl lateral roots appear to accumulate more phosphorus 
than typical unsubcrized root tips. It seems possible 
that my cor rhi zal jpota have^ not_ only a greater surface, 
but also a gruutor^capa^ty jp accumulate j^hosphoiSfl^er 
unit^pf ^urfttJTo^than nonmycorrhizal roots. Apparently 
in pine roots the region of maximum intake of minerals 
is not the root tips, os in roots of herbaceous plants, but 
the older regions where mycorrhizal or pseudomycorrhizal 
branch roots have developed. 
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A Qualitative Analysis of the Amino 
Acids in Royal Jelly 1 

John J. Pratt, Jr.* sad Howard L. House 9 
Department of Entomology, Comal/ University, Itbacn 


Fio. a. Radloautographs of the roots pictured In Fig, 1. 
The numbers indicate relative radioactivity of 1-cm segments 
as measured by a Geiger counter. 

did net contain as much radioactive phosphorus as the 
older portions bearing branches. A heavily suberized 
root bearing a few short branches or a small cluster 
of mycorrhizal roots apparently can absorb more phos¬ 
phorus than An unbranched tip with a much larger un- 
suberized surface. 

In a few inatanees atrtwgnrphs “indicated that com¬ 
pletely suberized roots absorbed considerable phosphorus, 
but microscopic examination of such roots showed that 
they were covered with a superficial layer of mycelium 
which apparently has a very large capacity to accumulate 
phosphorus. The few mycorrljjxal branches which failed 
to show accumulation were dark and wrinkled, and ap¬ 
parently dead. A few uneuberited root tips showed very 
lew accumulation of phosphorus, indicating that not all 
voog surfaces are equally active in absorption 
of solutea | 


Royal jelly, a secretion of the pharyngeal glands of 
the young worker of the honey bee, Apts meUifcra L. 
(fi), is the sole food of bee larvae which develop into 
sexually mature female adults, or, queens. Larvae which 
develop into sexually immature female adults, or workers, 
are fed royal jelly for 2 days, then receive a mixture of 
pollan and honey during the remainder of their 5-to-fi-day 
feeding period (£). Research toward an explanation of 
the role of roy&l jelly in the development of castes of 
Apis mcllifera L, has been reviewed by H&ydak (fib 

Chemical analyses of royal jelly have shown that it is 
a complex mixture of substances having a protein content 
of 9 to 18% of the fresh material (€). The proteins 
were found by Abbott and French (i) to consist of an 

* Aided by a grant from the Lalor Foundation of Wilming¬ 
ton, Delaware. 

* Pwwent address ; Bureau of Entomology and Plant Quar¬ 
antine, BeltsviUe, Maryland. V 

* Present address: Dominion Parasite laboratory; BaUa- 

ytna. Ontario, Canada. ' - ■ 
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albumin and probably a globulin in the ratio of 2 to 1. nine, and tryptophane was not demonstrated. * It is pos- 

Aeppler (2 ) by unstated methods and Townsend and sible that extraction of amino acids from a largej sample 

Lucas (10) by chemical methods identified 7 amino acids of royal jelly would demonstrate the presence of histi- 

in the hydrolyzed proteins of royal jelly (Table 1), but dine, for it is the least sensitive of the amino acids to 

did not investigate the possibility of the occurrence of identification by paper chromatography (&). Assuming 

free amino acids in this substance. During the course of complete extraction of free amino acids fTom the sample 

research on free amino acids in the blood of insects, an of royal jelly, an estimation based on the volume of uli- 

analysis of both free and combined amino acids in ro^al quofcs chromatographed and on sensitivities of various 

jelly was undertaken. Separation and identification of amino acids to the method (&) indicates that, if amino 


amino compounds was accomplished by the paper chro¬ 
matographic mothod of Consden, Gordon, and Martin 
(*)■ 

Approximately 0.5 ml of fresh royal jelly was sus¬ 
pended in 1 ml of distilled water and diluted with 10 ml 
of 95% ethyl alcohol in order to precipitate the proteins. 

TABLE 1 

Kbkb and Combined Amino Acids or Koyal Jbi.ly 


Amino acid or 

As tree 

As protein 

derivative 

compound 

constituent 

Alunlne 

+ 

+ 

Arginine 

+ 

+* 

Aspartic acid 

+ 

4* 

Cystine 

- 

. * 

Glutamic acid 

+ 

>• 

Glycine 

+ 

f 

IlUtidlne 



Hydroxyproline 



Isoleucine and/or Leucine 

4 

+ 

Lysine 

+ 

+ * 

Methionine 

+ 

+ 

Phenylalanine 

- 

+ 

Praline 

■f 

-t 

Serine 

+ 

t 

Threonine 


4 

Tyrosine 

+ 

+* 

Tryptophane 

- 


Valine 

+ 

+ 

AAlanine 

1' 


Glutamine 

+ 


Taurine 

+ 


Unknown # 

+ 



* Previously reported (*, 10) 

The precipitated proteins were separated by centrifuga¬ 
tion, and the supernatant, which contained free amino 
acids, was drawn off. The proteins were washed with 
1-ml aliquots of 95% alcohol until a negative ninhydrin 
reaction was obtained in the washings* The solution was 
evaporated to dryness by means of a jet of air and the 
residue dissolved in 300 pi of distilled water. Aliquots 
of 50, 100, and 150 ^1 were chromatographed. 

The precipitated proteins were divided into two por¬ 
tions, one of which was hydrolysed with 5 N NaOH and 
the other with 6 N H 2 6Q 4 . Hydrolysis was accomplished 
by autoclaving for 12 hr at 15-lb pressure. The hy¬ 
drolysates were neutralised, then evaporated to 0,5 ml 
by means of an air jet and gentle beating. Aliquots of 
50 and 100 p\ were chromatographed^ 

It is evident from the data in Table 1 that significant 
quantities of amino acids and amino acid derivatives oc- 
cut.in the free state in ntyal jelly. The presence of 
^sfcine, histidine, hydroxyproline, phenylalanine, threo- 


acids not found in the free state do occur as such, they 
are present in less than the following quantities per ml 
of fresh royal jelly: cystine 0.032 mg, histidine 0,1 mg, 
hydroxyproline 0.004 mg, phenylalanine 0.02 mg, threo¬ 
nine 0.008 mg, tryptophane 0.008 mg. 

Hydroxyproline, histidine, and tryptophane Vere not 
identified In hydrolyzed pToteins of royal jelly. The 
latter two compounds were found in hydrolysed proteins 
of royal jelly by Aeppler (2) and by Townsend and 
Lucas (10), Further research is needed to clarify this 
discrepancy. 

The size and color intensities of proline spots occur¬ 
ring on chromatograms of free amino acids were greater 
than those occurring on protein chromatograms, indi¬ 
cating relatively large quantities of free proline in royal 
jelly. Auclair and Jamieson (J) have shown that pollen 
(dandelion, willow, and mixed taken from a beehive; and 
dandelion collected from blooms) is rich in free proline, 
which may explain its abundance in royal jelly since 
young worker bees consume pollen during their poriod of 
secretion of royal jelly. 

The presence of free taurine in royal jelly is of inter¬ 
est. This compound, which is formed from cysteine in 
the animal body and is a constituent of the bile salts of 
animals, is known to occur in large quantities in muscle 
tissue of invertebrates, but its fnnetion there is unknown 
(4), Free taurine has also been found in blood of honey 
bee larvae and of two other adult insect species (7). 

An amino compound of unknown composition was iso¬ 
lated as a free constituent of royal jelly. It has also 
been found free in the blood of honey be® larvae (7) 
and in pollen (J). Comparison of its chromatographic 
position with those of several known amino compounds 
has thus far failed to identify this interesting compound. 
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The Effect of 7-Ketocholesterol on the Rabbit 

H H* Cox 1 sad £. Y. Spencer 

Department of Chemistry , University of Saskatchewan, 
Saskatoon, Canada 

Wiuterateiucr and Bergstrom found that a stream of 
air passed through n colloidal solution of cholesterol re¬ 
sulted in the production of principally 7-ketoeholesterol 
and 7-hydroxycholeeterol (10) . Kendall, Moyer, and 
Bevanfl (6) reported that single intravenous injections 
into rabbits of such oxidized solutions produced lipid 
droplets within the colls of the iutima in 24 hr. Multiple 
intravenous injections led to an immediate, increase of 
sudanophiiic* material in the intima, which roughly 
paralleled the amount of oxidized material injected. In 
control experiments of these workers, early changes did 
not result from the administration of unoxldized cho¬ 
lesterol. However, if high plasma cholesterol levels were 
maintained for several weeks by repeated injections of 
either unoxidized or oxidized material, there was little 
difference in the extent or character of the lesions pro¬ 
duced. 

7-Ketocholesterol was prepared by us according to the 
method of Windaus, Lettre, and Schenk ( 9 ). Altschul 
(1) found that when this compound was given to rab¬ 
bits either orally (in capsules of 0.3 g daily) or per- 
cutanootisly, as a solution in benzene and vegetable oil 
(approximately 0.1 g daily), it produced none of the 
cellular reactions characteristic of the administration of 
pure cholesterol. However, 7-ketocholesterol administered 
orally or percutancouely had a definite effect on the 
liver. Examination showed atrophy of the liver cords 
and the presence of necrotic areas, numerous giant cells, 
and an overgrowth of connective tissue and biliary 
epithelium. In two instances, this organ showed a char 
act eristic u hobnail M surface. 

Thus the pathological changes brought about with 
7-ketocholesterol did not parallel those found by Kendall 
et oL> using colloidal solutions of cholesterol oxidised ac¬ 
cording to Wintersteiner and Bergstrom, and therefore 
presumed to eontoin chiefly 7-kctocholesterol and 7-by- 
droxycholesterol. This difference in pathological findings 
suggested that the effect of administering a mixture of a 
and $ epimeTB of 7-hydroxycholesterol should be studied, 
and this is at present under investigation. Also of pos¬ 
sible significance is the observation that, under optimum 
conditions for oxidation, these colloidal solutions con¬ 
tained about 20% unchanged cholesterol (10 ). 

Collier and Cox have found that percutaneous adminis¬ 
tration of approximately 0.1 g of 7 -ketocholesterol daily 
for fl4 days resulted in a greatly increased sterol concen¬ 
tration (calculated as cholesterol) in the plasma, as 
detected by a modification of the Tahugaev reaction (8), 
However, examination of plasma from an animal which 
received orally 0.3 g of 7 -ketocholesterol daily for 40 
dgys showed a comparatively normal sterol level. The 

*Mts Insurance Medical Research Student Fellow, 1948- 


plasma of both animals contained only a trace of 7-keto¬ 
cholesterol, when determined by the micromethod of these 
workers (£). The possibility that liver selectively re¬ 
duces 7-ketocholesterol to cholesterol, or to a sterol 
giving a color reaction similar to that of cholesterol when 
determined by the zinc chloride-acetyl chloride reagent, 
is now being examined. Of interest in this investigation 
is the observation that the epimeric 7-hydroxycholostorols, 
which can be prepared by the selective reduction of the 
keto group in 7-ketocholesteroI (9), have been isolated 
from ox liver in recent years (3, 4 t 7). However, it is 
not known whether these hydroxycholesterols are true 
intermediates in sterol metabolism, or only autoxidation 
products of cholesterol, perhaps formed during the 
process of extraction (5, 11). 
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Survey of Chinese Drugs for Presence of 
Antibacterial Substances 1 

H, Zanyin Gaw and H. P. Wang 2 

Biological Laboratory, National Wuhan University, 
Wuchang , Hupeh, China 

In view of recent studies op the production of anti¬ 
biotic substances by higher plants (I-fi), it seems inter¬ 
esting to make a survey of drugs commonly used in the 
practice of Chinese medicine for the presence of anti¬ 
bacterial substances. The so-called Chinese drugs are 
actually roots, stems, seeds, leaves, or fiowera of various 
higher plants in a very dehydrated state (prepared by 
special methods). This paper reports the results of such 
a survey. 

To 10-20 g of a drug cut in small pieces, 150 ml of 
distilled water was added, and the mixture was then 
boiled slowly for 2-3 hr or longer to a final volume of 
about 25 ml. (This is the customary way of preparing 
Chinese medicine, except that ordinary tap water is used 
instead of distilled water.) After preliminary filtering, 
the filtrate, which is really a concentrated water extract 

‘This work was carried out in 1945 before departure of the 
authors tor the United States. Since the return of the senior 
author to Chins in 1947, some of the experiments were re¬ 
peated and extended. 

• Present address: Department of Zoology, hit. Holyoke 
College, South Hadley, Massachusetts. 
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TABLE 1 


Antibacterial Action or Chinese Drugs* 


Nome of drug 

Identified scientific name 

Staph. 

aureus 

E. ooli 

Ma Hu ana 

Ephedra einicu Stapf. (stem) 

0 

0 

Ma Tou Ling 

Aristolochia debilla 8, et Z. 




(fruit) 

0 

0 

81 Sin 

A aurum sieboldii M iq. t root i 

0 

% 

Ta Huaug 

Rheum palmatum L. (or R. 




officinale Baillon) (root) 

28-35 

4- 

Peh Tou Ung 

Anemone chinensis Bunge 




(root) 

0 

0 

Mao Ken 

R r'iu ;cuius penKtflrnnh »x L. 




(leaf and fruit) 

0 

8-10 

Huang Lien 

Cop tie ohineneis Branch 




(stem and root) 

17-20 

ft 

Lien Chino 

Forsythia suspensa Vtihl. 




(fruit) 

(J 

ft 

Kou T**ng 

Strychnos pan feu la Champ. 




(stem) 

0 

0 

Chung San 

Dichroa febrifuga Lour. 




(root and leaf) 

0 

+ 

Hal Tung BI 

krythrina sp. (Imrk) 

It Jt 

u 

Tu Chung 

Fut omntls sp. ttimoidt* wiiv, 




(bark) 

0 

0 

Choi Hu 

liupleurum falcatum L. 




(root. Klein, u Went i 

4 

0 

Ku Tsan 

Sophora jlavesoens Ait. (vur. 




Gvlegoldes Hemal.) (root) 

0 

0 

Keh Ken 

Pueraria Thunberglana 




Benth.(root) 

0 

0 

Tsao Chieh Chieh 

Oleditschia sinensis 




I .am. (stem) 

0 

+ 

Huang Peh 

Phellodendron ohinense 




ScUneid. (bark) 

0 

4- 

Ku Lien T«u 

Melia Asedarach L. 




(fruit) 

.4- 

0 

Yuan Chib 

Put .gala nibirivu L. 



Ta Chili 

j (root and leaf) 

Euphorbia pehinensis 

0 

+ 


Rupr. (root) 

0 

ft . 

Pn Tou 

Croton Tiglium L. (seed) 

0 

0 

Tu Fung Tail 

? 

.0 

0 

Shlb Chun T*u 

QwisguaRt Indica L. (fruit) 

0 

0 

Peh Chib 

Angelica sp . (root) 

0 

0 

Fang Fung 

Siler divarioatum B. et H. 




(root) 

0 

0 

She Chnang Tan 

Sclinum Monnicri L. (seed) 

0 

0 

Shan Shu Yu 

Comus officinalis 8. et Z. 




(fruit) 

18-24 

0 

Shlb Nan 

Rhododendron indicum 8weft 




(leaf) 

+ 

0 

CUftl Tsao 

tilth ns iMtrmMm officinale L. 




(root) 

0 

0 

Poh Ho 

Mentha arvensls L. 




(stem and leaf) 

0 

0 

Ti Kuh PI 

Lyciufh ohinense Mill. 




(bark and root) 

0 

0 

Ti Huang 

Rehmannia glutlnasa Lihosch 




(root) 

0 

0 

Chu Taien 

Plant ago major L. 



► 

(stem and leaf) 

0 

0 

Tsien Tsao 

Rubio cordifolia h. (root) 

10-14* 

0 

Jen Tung Teng 

Lonicero japonica Thgnh, 




(vine) 

0 

0 

Chieh Keng 

Pluti/vodon grand! jltrrunt DC. 




(root) 

.0 

0 

Tseng Muh 

Atractylia ovata Thnnb. 




(root) 


+ 

Kuan Tnng 

Tussitago Pat fata L. 




.(flower) 

0 

6 

Pu Kang lag 

Taromocum mongoUeum Band.- 


■.'•" - ' 

Mas* (leaf, stem, mid root) 

0 



Niu Pang Arctium Lappa L. (seed) *0 0 

Chi Bauch Tong 1'riptf'ry/ruut Hi!ford it Hook. * 

t (vine) ia-Xfl 0 

Clieh 8i*h A llama plantayo L. (root) 0 0 

Pan Hslu PinelUa temata Brelt. (roor) 0 0 

Peh Pu 8temona seestiifoUa Miq. (or 

8. jopontoa MW).) (root) 0 10-12 

CJilh Mou Anemarrltcna asphodeloldes 

Bunge (root) 4 0 

* 0 ■= no m;rfvl:y + «verv slight inhibition 
Numerals Indicate else of Inhibition cone in mm 

of the drug, was made bacterialree by passing through 
a Handier diatomaceous filler candle at 8-lb pressure, 
and then was tested against Staphylococcus aureus and 
coli . (Both cultures were supplied by the 
Department of Bacteriology, School of Medicine, Na¬ 
tional Central University.) No attempt was made to 
make any of the assays quantitative. The test plates 
were prepared as follows: bacterial cultures were grown 
for 24 hr in nutrient broth and l-ml portions of these 
suspensions were plated in 1.5% nutrient agar. Porce¬ 
lain Peni-cylinders were affixed to the surface of these 
plates immediately after hardening of the agar and filled 
with the drug extract to be tested. The plates were in¬ 
cubated at 37° C for 18-24 hr. The diameters of the 
inhibition zones woro measured and recorded in mm. 
Results of the test are given in the table. 

From Table 1 it can be seen that six of the drugs, 
namely: Ta Huang (Rheum palmatum L. or R. ojicinale 
Baillon), Huang Lien (Coptis chinensis Franch), Hai 
Tung Pi (Erythrina sp.), Shan Shu Yu (Cornu* offlei- 
nalia S. et Z.), Tsien Tsao (Rubia oordifolla L. and Chi 
Hsueh Teng (Tripterygium Wilfordii Hook, f.) showed 
various degrees of antibacterial activity for Staphylococ¬ 
cus aureus , while two others; Mao Ken (Ranunculus pen - 
sylvanious L.) and Peh Pu (Stemona scssilifolia Miq. 
or S. japonica Miq.) showed antibacterial activity (of 
relatively low potency) for Escherichia colt 

The eight drugs that showed bacterial inhibition were 
tested for their effect on the respiration of the respec¬ 
tive bacteria and their toxicity to animal tissues. The 
effect on respiration was measured by using the Warburg 
type of microreapiroinetor and it was found that none 
of the drug* has any effect on bacterial respirations al¬ 
though bacterial multiplication was checked, indicating 
that the drugs are bacteriostatic in action. The toxicity 
was tested on living human leucocytes, following the gen¬ 
eral procedures used by the Oxford workers (ff). The 
leucocytes continued to move for about 2-4 hr after the 
drug extracts Were added. They are, therefore, nontoxic, 
which is to be expected, as prepared medicine is always 
administered orally in the practice of Chinese medicine. 
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The Harefoot Mushroom, Coprinus lagopus 
ft., on Fruits Used Commercially as 
Seedstocks 1 

W, F. Crosier, S. R. Patrick, C. £. Heit, and 
Elizabeth McSwain 

Division of Seed Investigations, Cornell University, 
Geneva, New York, and 

Seed Laboratory, College of Agricultural and 
Mechanical Arts, State College, New Mexico 

Sporophores of the blackapored mushroom, Coprinus 
lagopus Fr., have developed saprophytic ally from fruits 
of several plants during germination testing of the en¬ 
closed seeds. They have been observed frequently on 
fruits of European-grown New Zealand spinach since 
1940 and occasionally on aeedballs (botanical fruits) of 
garden beets. The pileus of a sporophore was small in 
proportion to the stipe, 4 to 28 mm across, tender, at 
first cylindrical, covered with fugacious fibrils, at ma 1 
turity becoming c&mpanulate, then flattened, smooth, with 
edges rovolute or split. A mature, f jlly elongated stipe 
was typically long, slender, hollow, fragile, and bulbous, 
5 to 26 cm high, 2 to 7 mm in diameter, white and wooly. 
The gills were white when young, then black, free, remote, 
linear, and very thin. The spores were black, elliptical, 
easily visible through the thin flesh of the pileus, and 
averaged 11.7 to 13.1 x 0.3 to 7.4 

The Bporophoros occurred singly, scattered, or in 
crowded clumps, of 20 to 30 on a fruit, seedball, or other 
nonliving structure enclosing the true seeds. The first 
sporophores of Coprinus lagopus usually matured in 
about 24 days after the infested fruits had been placed 
in a germinator operated at an alternating temperature 
Of 20° and 30° C. During ripening, the stipes of the 
mushroom elongated rapidly, the pile! became flattened, 
and the gills deliquesced completely within a few hours. 
When removed from a humid germinator to the more 
arid laboratory, young sporophores arising from any 
medium invariably withered and failed to mature. 

As previously suggested (5), the mushroom was recog-' 
nized as Coprinus lagopus Fr. According to Saccardo 
(7), the spore sUeaTof this species are 12 to 13 x 0 to 8 (i, 
while the pileus h tender, 2 to 3 cm long, and the stipe is 
fragile. Bea } a (6) description of C. lagopus is applicable, 
except in spore measurements of 10 to 12 x 0 to 7 to 
the specimens observed at Geneva. Kaufman (£), in 
classifying 30 species of Coprinus of Michigan, included 
no specific description of C. lagopus but did state that 
C, tonurtitosus Fr. may be the <7. lagopus of various au¬ 
thors. The mushrooms observed on fruits at Geneva, and 
at State College, New Mexico clearly did not conform 
to Kaufman's (j) description of C. tomeniosus, although 
the spore sixes were parallel. 

Previously Bea (0) and Pape (4) have identified 
agarics found on eeedb&lls of beets and mangels as Co* 
prinas pHosus Beck, and C. nyothemerus Ft, respectively. 

1 Journal Paper No. 788, New Turk State Agricultural Ex¬ 
periment Station, Geneva, New York. 


A few specimens growing on fruits of New Zealand spin¬ 
ach and aeedballs of beets at Geneva might have been 
recognised as one of these species had not continued cul¬ 
turing produced the typically long-stemmed fruit bodies 
of C, lagopus. It is probable that both Rea and Pape 
would have assigned the beet-infesting mushroom to 
C, lagopus had they transferred their cultures to richer 
media. 

Successful transferring of both the beet and New Zea¬ 
land spinach strains to manure, rotten wood, and straw 
has shown that the size of the sporophore is somewhat de¬ 
pendent upon the medium. The transfers also furnished 
proof that the strains isolated at Geneva readily grow 
on the same media, manure and rotten wood, mentioned 
by Rea (6) and Pape (4) for English and German 
strains. 

Since the first observation of Coprinus lagopus upon 
European-grown fruits of New Zealand spinach, the 
mushroom has fruited on garden beet aeedballs, on the 
berry-like fruits or arils of yew (Taxus cuspidata oapi- 
tata Sieb & Zacc.), on the calyx nnd bracts surrounding 
seeds of pincushion flower (Soabiosa oaucasioa Bieb.), 
and on glumes enclosing caryopses of bluestem wheatgrass 
(Agropyron smithii Rydb.), and of crested wheatgrass 
( A . cristatnm Gaertn.). The sporophores of a Coprinus 
were previously (1) reported from the fruit or lomcntum 
of sainfoin, Onobryohts vidaefolia Scop. 

Fruit bodies of the larger species of Coprinus commonly 
collected for food have never developed from any com¬ 
mercial seedstock tested at Geneva. Attempts to establish 
these species in fruits of New Zealand spinach and in 
aeedballs of garden beets have been entiroly unsuccessful. 

Apparently the mycelium of Coprinus lagopus was 
borne within the fruits, seedballs, glumes, or similar plant 
parts. Fungus hyphae have been demonstrated in those 
tissues from which sporophores developed. Furthermore, 
surface sterilisation of New Zealand spinach fruits and 
of beet seedballs did not inhibit development of the sporo- 
phores of C. lagopus . The hyphae have not been demon¬ 
strated in the botanical seeds enclosed in fungus-infested 
fruits, and sporophores have never arisen from the seeds 
ef any species. 

Spores of Coprinus lagopus have not been found on 
seeds, fruits, or other plant structures received for rou¬ 
tine germination testing. In fact, no evidence has been 
found to indicate that spores do, or even could, perpetu¬ 
ate the fungus. 

The medium, whether a seed-enclosing structure or 
disorganized tissue, visibly affects the size of the fruit 
bodies. The stipes arising from glumes enclosing seeds 
of Agropyron spp. both at State College, New Mexico, 
and at Geneva were only 2 to 6 cm high, with pilei of 7 
to 12 mm diameter. With successive transfers to blot¬ 
ting paper, New Zealand spinach fruits, and beet seed- 
balls, the fruit bodies progressively increased in size. 
The larger stipes from the latter medium averaged 14 
cm in length while the ripened pilei averaged 26 mm in 

diameter. 

The size of the sporophore had only slight influence 
or none upon the size of the spores. The averages of 
12 to 18 x 0 to 8 p, as specified by Saccardo (7) were 
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applicable to spores dropping from 95% of the sporo- 
phores. The kind and size of fruit or similar plant part, 
while affecting the size of the sporophoros, did not exert 
a similar influence upon the spores. The size of the spores 
remained very constant when a strain of Coprinus lagopus 
from Agropyron smithii was successively cultured on 
glumes of A , cHotatum , seed balls of beets, and fruits of 
New Zealand spinach. ^ 

The size of the sporophores, the constancy of spore 
measurements, the ease of transfer of the fungus from 
fruits of one plant species to those of others, and the 
failure of the large edible species to grow upon fruits 
indicate that the hare foot mushroom is the species of 
Goprinue that has been observed at Geneva, New York, 
and at State College, New Mexico. 
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The Validity of the Use of Tracers to 
Follow Chemical Reactions 

Jacob BJgeleiien 

Biookbavon National Laboratory, Upton , New York 

In the use of tracers, either stable or radioactive, it is 
important to know how much difference in chemical 
properties there is between the isotopic molecules. The 
thermodynamic properties of systems containing isotopic 
molecules in chemical equilibrium can be calculated by 
simple formulae (1). 

Recently Urey (rf) tabulated the equilibrium constants 
of various exchange reactions for isotopic compounds of 
elements in the first row of the periodic table, as well as 
the halogens. In many cases the isotopic molecules are 
not in equilibrium with respect to various exchange re- 
actions. In such cases it is important to know whether 
or not the specific activity of the product of some chem¬ 
ical transformation of the substrate isotopic molecules 
is the same as the initial specific activity. If the initial 
specific activity is known, then the specific activity of 
the product can be calculated by integration of the rate 
equations for the respective reactions. In this paper 
we shall neglect changes in the specific activity by radio* 
active decay or other nuclear processes. These correct 
tions can bo made by the use of the equations of radio¬ 
active transformation (3). 

We shall consider the general caw where the isotopic 
molecules A x and A, react either with each other or With 
other molecular speeles S, O , etc. to give the isotopic 
molecules X* and X t amongst the products, frequently 
^ be a mixed molecule and 


contain two different isotopes of one element in chem¬ 
ically equivalent positions, e.g., CHJX A mixed molecule 
may react in one of two ways. It may give the products 
X v Y y etc. or X„ F*, etc. In most cases X„ will be the 
same as X x but we shall retain the symbol X, to avoid 
confusion. If the isotopic molecule 4» is present only 
in tracer amounts, then the reaction will always be first 
order in d s . If a? and of are the initial concentrations 
of A x and A t respectively, then the amounts of X lt 
X 9 and X*, dx it dx t and dx^ respectively, formed in a time 
interval dt at the time t by reaction according to the 
following equations 


+ 2? + C + . . . 

b; ' 

2T, + F 1+ . . . 

(i) 


J t + B + Ci . . . 

_^J, + .F 1+ . . . 

(2) 


A s + BtC + . . . 

J^Av*r,+ . . . 

(3) 


dXi~k x W-lX,)»(B)i>(C)* . . . dt 


(i) 

dX,=le,(a t )«- 


. lit 

(5) 

dX, = fc a (<».)(®. 0 - 


. dt 

(6) 


whe re a, = of - mX B - nX*. 

The coefficients l, m, and n. are small numbers which are 
derived from the stoichiometry of the reaction. 

From equations (5) and (6) it follows that 


' </x 8 r. {K/K)dX t 

and 

A „ — ( k s / ) X, 

Thus 

a a - Oa 0 - (m + n k »/k 9 )X a 
From equations (4), (5), and (9) we get 

* a /V, dX t £*, _ dX t 

*/o */o — (ni + nk M /k 9 )$F 9 

Integration of equation (10) gives 

X ff _ 1 - (1 - lX,/a I «)*«<w + nWk*»/M 

a, 0 ~ ' in + nlc & /k 9 


(7) 

( 8 ) 
w 

( 10 ) 

(ii) 


If we define the specific activity of the product as 
N x = X $ /X 1 and the initial specific activity as N A » - 
OjjVrti 0 , then 

N x _ 1- (l-U^o,«)W»<**/*•)/W 
JV “ (m + «fe 11 /i,)X77o? ( 12 > 

For small amounts of conversion, <;< 1, 

t;. k - /k ' < 13 > 

At complete conversion, X, = 

A x _ _ 7 / 1 A\ 

A * ** w + nfcfi/fci ^ 

In a forthcoming publication from this laboratory (£) 
a general equation is derived for the ratio of the rate 
constants for reactions involving isotopic molecules. For 
reactions which occur at room temperature and above, 
the ratio of the rite constants can be expressed approxi¬ 
mately by the equation 

sa&-(s?r«* *•*•>*- 

' : ■ ■ 8»»-6 • 

Z< W) 
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Kuj. 1. Isotope effect In u chemical reaction involve 
iwotopic molecules reactlug with nonUlentlcfll rate constants 
vs. amount of reaction. 

where the subscripts 1 and 2 refer to the light and heavy 
isotopic molecules respectively. A similar equation holds 
for the ratio The rigbthnnd side of equation (15) 

gives the amount that a simple statistical consideration 
must be corrected by. The Bymbol t refers to a prop* 
erty of the activated complex in the reaction. The quan¬ 
tity s is the symmetry number; m* is the effective mass 
of the activated complex along the reaction coordinate; 
0 (a) is a function of the normal vibrations of the 

molecule (1) ; A*M = («*>»*-<i>i 2 ) where ok is a nor¬ 

mal frequency of the molecule. 

It is important to see how the specific activity of the 
product, N It compares with the initial specific activity, 
^a 0 , as a function of the amount of reaction. We shall 
consider the special case, which is one of wide general¬ 
ity, where Ja.rrO, and 1, m, and the ratio are 

each unity. We shall now define e and e» by the rela¬ 
tions 



^ = (17) 

In Fig. 1 curves arc drawn for e/e„ as a function of the 
amount of reaction for two values of It is clear that 
for complete conversion of the substrate, e = 0, 

This holds independently of the value of e*,. For e* = 0.55 
the specific activity of the product is 4% different from 
the initial specific activity, even at 99% conversion. 

We shall show presently that apart from the isotopes 
of hydrogen, the values of c are usually so small that 
there is little error made by assuming that it is aero. 
By comparison of equations (15) and (17) it is seen 
that a,, is equal to the deviation of the reciprocal of the 
righthand eide of equation (J5) from unity. The func¬ 
tion Q (tt<) a* well as Au< is always positive (1)> 


G (Wi) =i - i + -t—tt and its value will fall between 
2 e ui -1 

0 and 1/2. Thus the maximum value of the ratio 
I*]#,will occur when 2, G («*t) Auit is equal 
to zero. This corresponds to the physical situation where 
the isotopic atoms are essentially free, unbound chemi¬ 
cally, in their respective activated complexes. The values 
of 2t G ( m ) A“4 for a considerable number of isotopic 
molecules of the light elements have been tabulated (4). 
It is not difficult to calculate additional values for other 
elements, Thus we can arrive at estimates for upper 
limits of the ratio of the rate constants for reactions 
involving many of the common tracers. These are tabu¬ 
lated in Table 1. 

It is clear that the maximum isotope effects in the rates 
of reaction decrease rapidly as one goes to isotopic com¬ 
pounds of higher atomic number. Of the common tracers, 
H*, IT 5 , C“, and C 14 , may require special consideration in 
their use in nonequilibrium systems. There are very 
few reactions of carbon compounds in which the acti¬ 
vated complex contains oven loosely bound carbon atoms. 
In fact, 2< G ( uit) A^tt will usually bo approximately 
equal to 2* G (m) Av*. If we define e 0 l by the relation 

fcxMVfcBSjjt#, - 1 + (18) 


we muy anticipate that in any reaction involving C“ or 
C 14 the values of e 0 l will not be greater than .12 and .25 
respectively at room temperature. In any cane the con¬ 


tribution of 



to go 1 can usually be calculated and 


g 0 * can bo approximated by sotting 2U G (w<) Aw* = 
G (Uit) Awt. This amounts to calculating the rela¬ 
tive collision frequencies of gases. If an accuracy of this 
order of magnitude will suffice, then it is safe to assume 
that C ,a and O 4 are faithful tracers in both equilibrium 


TABT4C 1 

Estimated Maximum Eatios in Specific Eate 
Constants at 25* C 


Stable Isotope 

Tracer Isotope 


Hi 

H* 

18 

Hi 

H" 

60 


Id* 

1,1 

Be w 

Be* 

1,15 


Be 10 

i.<m 

Rli* 

B n 

i.a 

CU 

C“ 

1,25 

C* 

Cu 

1.5 

X» 

N“ 

1.14 

N« 


1.14 


N» 

1.25 

o« 

Ow 

1,30 

gw 

V s * 

1.25 

N* 

No* 

1.08 

N* 


1.08 

Mff« 

Ml?** 

1.08 


F» 

1,02 

8* 

8* 

1,06 

Cl» <natural abundance) 

Cl* 

1.03 

Cl** (natural abundance) 

Cl* 

1,14 

On* 

Ca* 

1.08 

I«* 

I** 

1.02 
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and nonequilibrium systems. In quantitative work it 
will be necessary to determine eo 1 experimentally or to 
estimate it theoretically. In many experiments an ap¬ 
preciable fraction of the substrate is allowed to Teact. 
From equation (12) and Fig. 1 it is* obvious that the 
isotope effect decreases with the amount of reaction and 
thus the isotope effects in the use of C“ and C 11 will be 
even smaller than .12 and .25 respectively. 
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Shielding of Syringes Used for Injecting 
Radioactive Solutions 1 

H. C. Dudley, J, F. Bronson, and R. O, Taylor 

Naval Medical Research Institute , National Naval 
Medical Center , Bet be s da, Maryland 

The delayed general effects of total body radiation, 
infcerenittant, subclinical, and of no apparent immediate 
significance, have had serious consequences for some ra¬ 
diologists and radium therapists ( S f S). The introduc¬ 
tion of radioisotope therapy offers additional sources of 
exposure to these persons since they are, in general, best 
trained to handlo the new tools. Similarly, lesions ftp- 
pen ring on the hands of some radiologists later in life 
indicate the latent effects of localized ionizing radia¬ 
tions ( 2 , 4). 

During an investigation of the biological significance 
of radiogallium (Ga^), it was found that for protection 
against the strong gamma spectrum (2.5 mev) of this 
isotope some type of remote central apparatus or some 
dense shield over a standard syringe was necessary. Be¬ 
cause of the difficulty of using a remote control injection 
apparatus clinically, there have been designed and con¬ 
structed two types of shields to be placed over syringes 
of standard stock sizes. 

Fig. 1 presents details of construction of a two-pioco 
Lucite shield adequate to protect the hands of persons 
injecting alpha emitters and beta emitters having ener¬ 
gies less than 2 mev. This type of shield offers protec¬ 
tion against the following isotopes^ C 1 *, C**, F*s, 

Cu**, and Sr®». It is emphasized that the isotopes 
listed here emit no gamma radiation. For those which 
do, the metal shield described in Fig, 2 must be used. 

The design of the Lucite shield (Fig, 1) is similar to 
that described by Anthony and Norris ( 1 ), the essential 
difference being in arrangment for locking the needle in 
place by tightening the threaded top. This prevents 
loosening of the needle and subsequent leakage, which Is 
a serious hazard when very aetive or long half-life iso¬ 
topes are being injected. 

1 The opinions or assertions contained herein are the pri¬ 
vets ones of the writers and are not to be construed as official 
or reflecting the views of the Navy Department or the naval 
service at large. 



* Fig. 1. Plastic syringe holder. 


Dimensions : 

A 

B 

r 

Size V 4 cc. 

IV, in. 

i£ln. 

ia 

B u /„ In 

“ 1 “ 

1 “ 

V. “ 

2>V„ •' 

“ 5 “ 


10. S M 

TO 

4 " 


Fig. 2 presents details of a metal syringe shield which 
has been constructed in sizes to fit all standard syringes 
from 1/4 cc to 30 cc. This piece of apparatus is mn.de 
by filling an aluminum tube with a commercially avail¬ 
able lead alloy (type metal—82 Pb, 12 8b, 4 8n), and 
machining to the dimensions shown in Fig. 2. The slot, 
which is milled in the metal case, permits observation of 
liquid levels, absence of air bubbles, etc. To facilitate 
these observations, a dark colored solution is preferable, 
and the inside surface of the shield is coated either with 
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a phosphor activated by radioactive emanations or by 
some luminous dial paint, 

These shields have been used when studying the bio¬ 
logical effects of radiogallium (Ga^s) which has an un¬ 
usually energetic spectrum (|J $.1 mev, y 2.5 mev). Per¬ 
sons wearing film badges and pocket electroscopes on the 
body and on the hands have received less than 20 milli- 
roentgens (mr) total body radiation and less than 40 mr 
on the hands, when injecting solutions of 0.4 mc/ml ac¬ 
tivity, in quantities up to 4 me per injection and a total 
of 25 me. 

The difficulties encountered in using shields of the 
types described are those of manipulation, due to their 
size and weight, particularly of the metal shields. 
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Erroneous Ascorbic Acid Values Resulting 
from Interference by Anthocyanins 

G. F. Soraort, W. C. Kelly, E. J. Thacker, 
and Anna May Redder 

ff. S. Plant, Soil, and Nutrition Laboratory , 

Agricultural Research Administration, Ithaca , New York 

The determination of ascorbic acid iu , anthocyanitv- 
containing plant products presents special problems. If 
the usual indophenol dye reduction methods are used, the 
color due to anthocyanin is very similar to that of the 
dye in aeid extracts. In highly colored extracts, it then 
becomes desirable to eliminate this color. This is easily 
accomplished by a xylone extraction of the excess dye fol¬ 
lowing the reaction of the dye with ascorbic acid (1, 8, 
5). Anthocyanins are not extracted by xylene under 
these conditions. This procedure has been used in the 
analysis of colored plant materials (3, 6). 

We attempted to use a xylene extraction method (8) 
for determining the ascorbic acid content of red boots. 
As previous workers had reported, it was found that the 
anthocyanin, betanin, was not extracted by xylene and 
hence did not interfere with the determination due to its 
color per se. However, analytical difficulties of another 
sort were encountered. It was found, for example, that 
aliquots of a single metaphosphoric acid extract of beet 
hypoeotyl did not check if the aliquots were of different 
siaes. Also, similar metaphosphoric acid extracts con¬ 
taining different amounts of tissue per unit volume failed 
to give comparable results. When aliquots of such ex¬ 
tracts were treated with formaldehyde (0), the capacity 
to reduce the dye was decreased to only about one-half 


its original value. Ascorbic acid is rendered nonreactive 
under these conditions, and in the absence of interfering 
substances formaldehyde-treated aliquots no longer re¬ 
duce the Indophenol dye. Hence, it was concluded that 
these extracts contained appreciable quantities of reduc¬ 
ing substance (or substances) other than ascorbic acid. 
It was observed that this residual reducing capacity was 
closely correlated with the color of the metaphosphoric 
ucid extracts (coefficient of correlation = + 0.724, n = 81). 

These observations led to an investigation of the ex¬ 
tent of similar interference in other anthocyanin-con- 
tainlng products. In fresh fruits the amount of inter¬ 
ference was found to be small; but in a number of fruits 
stored for months at 0® F, during which time the ascorbic 
acid largely disappeared, the amount of interference be¬ 
came relatively important. 

In order to determine whether or not anthocyanins 
were the cause of the interference, an attempt was made 
to isolate various anthocyanins in more or less pure form 
and to study their reaction with the indoplieuol dye. It 
was found that betanin could be obtained in a somewhat 
concentrated form as follows: Fresh beets were sliced 
nrnl frozen and the juice was pressed out; this juice was 
frozen and dried in vacuo. When the resulting powder 
was suspended in water and adjusted to about pH 3.5, 
the anthocyanin was precipitated by adding ethyl alcohol 
to give a concentration of about 80%. The precipitate 
was washed with 05% etlmnol and then with acetone by 
eontrifugiug, and dried in vacuo. The resulting red 
powder was readily soluble in water and it reacted with 
the indophenol dye in much the same way as the inter¬ 
fering material present in extracts from fresh beets. Its 
reaction was not prevented by formaldehyde. Betanin 
isolated according to the procedure of Pucher et ah (4) 
reacted in a similar manner. Tims, it appears evideut 
that the interfering material in extracts from fresh beets 
is the anthocyanin, betanin. 

In view of those results, it seemed desirable to deter¬ 
mine the antiscorbutic activity of the concentrated an¬ 
thocyanin by means of a bioassay. Betanin was prepared 
from lyophilized beet juice by alcoholic precipitation as 
outlined above. This material was then assayed chemi¬ 
cally and was fed to guinea pigs at the rate of 4 mg doily 
of apparent ftBCorbic acid (chemical assay) per animal. 
The bioassay selected was the depletion technique as used 
by Tressler, Mack, and King (7). From the results ob¬ 
tained it was concluded that the anthocyanin concentrate 
had no antiscorbutic activity for the guinea pig. 

These results will be reported in greater detail else¬ 
where. 
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Effect of Rutin on the Biological Potency 
of Vitamin C 

£. W. Crumpton »nd L. £, Lloyd 
Department of fhit+ttton, 

Macdonald College of McGill University , ^ 

Montreal, Canada 

The biological potency of vitamin C in different natural 
sources has only recently become known, and subsequent 
findings require explanation. Work carried out in this 
laboratory has shown that the ascorbic acid of certain 
foodstuffs has a higher apparent biological value, at the 
lower levels of vitamin intake, than is shown by chemical 
assay. We have demonstrated in the case of fortified 
tomato juice and fortified orange juice, and with stored 
cabbage and dehydrated potato, that chemical methods 
of assay underestimated the biological potencies, as de¬ 
termined by the odontoblast method of assay. This evi 
deuce appears to support the hypothesis that a factor in 
natural vitamin C carriers increases the biological value 
of ascorbic acid beyond that expected from chemical 
ami lysis. 

In the quest of this unknown factor, all evidence pointed 
to a substance with vitamin P activity. Griffith, Couch, 
and Lindauer (2) fed rutin, a flavonal glycoside, to 14 
patients with hypertension, all of whom subsequently 
showed increased resistance in the capillary walls. This 
work was confirmed by Shanno ( 3). Ambrose and DeEds 
U) administered rutin to rabbits, and found that it 
decreased cutaneoeB capillary permeability. Furthermore, 
Wilson, Mortarotti, and PeEds (4) showed that rutin 
prolongs the action of epinephrine on intestinal strips, 
the prolongation presumably being due to a protection 
of the epinephrine from oxidative destruction. Based on 
this information, we postulated that rutin might be one 
factor responsible for enhancing the biological potency of 
ascorbic acid in certain natural sources of the vitamin. 

This note is a preliminary summary of an experiment 
carried out in this laboratory to ascertain the biological 
value of vitamin C in two natural sources of the Vitamin, 
and to test the effect of added rutin on the apparent 
vitamin C potency of these substances, as well as on syn¬ 
thetic ascorbic acid. The assay included 90 guinea pigs, 
divided into three equal groups, each group containing 
equal numbers of both sexes. As the only source of 
vitamin C, the first ot control group received crystalline 
h acerbic acid, the second group received canned orange- 
grapefruit juice, and the third group received dehydrated 
potato. Each assay material was fed at four different 
levels of vitamin G content, these levels being 0.5; 0.79, 
1,26, and 2.00 mg of ascorbic acid per day. The amounts 
of orange-grapefruit juice and dehydrated potato to be 
fed were based on chemical analyses of samples of the 
two materials. Half the animals on each assay material 
were fed orally 100 mg per day of crystalline rutin. 
Using the odontoblast 'method of assay, it was found 
that the rutin treatment gave significantly higher values 
da the response-dose curve at the 0.5, 0.79, and 1.26 mg 


levels of vitamin C intake for both the synthetic ascorbic 
acid and orange-grapefruit juice assays (Fig. 1). At the 
lower levels of vitamin intake, it appears that rutin either 
makes more available or delays in vivo destruction of 
ascorbic acid in the original source. A further distinct 
possibility is that rutin forms the basis for synthesis by 
the animals of additional ascorbic acid. This postula¬ 
tion follows from the similarity between the glucose- 
fructose side chain of the rutin molecule, and the actual 
structure of some of the many forms of ascorbic acid. 
Thorefore, rutin, present in some natural vitamin C 
sources, might be considered to be the factor responsible 
for enhancing the apparent biological potency of vitamin 
C. 

Because of the very low vitamin C content of dehy¬ 
drated potato, it was impossible to get the animals, even 



I’M. 1. Effect of supplementary rutin on the response of 
guinea pigs to increasing doses of vitamin O. Abscissas rep¬ 
resent mg ascorbic acld/pig/day ; ordinates represent odon¬ 
toblast height in microns. 

by forced feeding, to consume enough of this material to 
meet the necessary levels of ascOrbic acid. This resulted 
in the death of approximately half of these animals due 
to advanced stages of scurvy with ultimate starvation. 
Since the intake of dehydrated potato was inadequate and 
inconsistent, the variability of the results obtained with 
the survivors was very high. For this reason it was 
thought inadvisable to include quantitative data on these 
findings in this report, although the effect of rutin was 
again apparently to raise the biological potency of vita¬ 
min C in the dehydrated potato. 

It may be tentatively concluded that the enhanced bio¬ 
logical value of Vitamin C observed In this test is due to 
the fiavonal glycoside, rutin. However, the mechanism of 
action of rutin is as yet undetermined. 
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Preparation and Properties of Tridecanoic 
Add Containing C 14 in the Carboxyl Group 

Edward Mine* and Andrew Gemant 

Research Department, The Detroit Editon Company 

An organic electrolyte containing a radioactive isotope 
was required in order to carry out studies of mobilities 
and molecular sizes of ion-forming compounds in dielec¬ 
tric liquid (tf), particularly insulating oils. A previous 
paper (3) indicated that any aliphatic acid having a 
molecular weight equal to or greater than that of pro¬ 
pionic acid is suitable for obtaining the electrical con¬ 
ductivity necessary. The further requirement of low 
vapor pressure, to minimize contamination of the lab¬ 
oratory atmosphere with radioactive vapor, limited the 
range to acids of molecular weight greater than that of 
cupric acid. Consideration of these requirements of the 
compound, the means of preparing it, and the available 
starting materials led to the selection of tridecanoic acid 
containing C u in the carboxyl group. 

The tridecanoic acid was prepared from lauryl bromide 
und carbon dioxide by the Grignard reaction, the carbon 
dioxide being obtained by acidification of barium car¬ 
bonate containing C A \ Unlike the usual carbonation of 
Grignard reagents, this reaction necessitated the use of 
an excess of Grignard reagent rather than an excess of 
carbon dioxide, because of the expense of the radioactive 
isotope used. Since the use of excess Grignard reagent 
favors the formation of secondary products, such as 
ketones and alcohols ( 4 ), the carbonation and subsequent 
hydrolysis wore carried out as rapidly as possible. 

Purification from secondary products was carried out 
by saponification and reprecipitation of the acid. 

The purified acid crystallized as white plates, having 
a molting point of 39.5° to 41.5° C. This compares with 
40.5° 0 found by Krafft (5), 40° C by Blau (1), and 
42.5 s C by he Sueur (5). The refractive index was 
found to be 1.427 n D at 60° C, which is in elose agreement 
with the value of 1.4249 n D at 70® C obtained by Water¬ 
man and Bertram (0). Values of 72.8% carbon and 
12.4% hydrogen were obtained by ultimate analysis. 
These values approximate the theoretical values of 72.8% 
carbon and 12.2% hydrogen. 

The apparatus used for the carbonization of the Grig¬ 
nard reagent consisted of a generating flask, drying tube, 
and reaction flask, interconnected in the order named. 
The generating flask contained barium carbonate (0,024 
mole) having 2 me of C u > The radioactive barium car¬ 
bonate was purchased from the United States Atomic 
Energy Commission. The drying tube contained anhy¬ 
drous calcium chloride and the reaction flask contained 
the Grignard reagent prepared from lauryl bromide. 
This system was evacuated prior to the carbonation so 
that a partial vacuum would exist in the apparatus 
throughout the synthesis, thus preventing the leakage of 
radioactive vapors into the laboratory atmosphere. 

Carbon dioxide was generated from the barium car¬ 
bonate at such a rate as to keep gas pressure in the sys¬ 


tem constant at slightly below atmospheric pressure. It 
was passed through the drying tube into the reaction 
flask as it was generated and, upon completion of the 
acidification of the barium carbonate, the carbon dioxide 
remaining in the system was flushed into the reaction 
flask with small charges of dry nitrogen until the sys¬ 
tem had reached atmospheric pressure, The contents of 
the reaction flask were then hydrolyzed in the usual man¬ 
ner on crushed ice. 

The entire reaction from the beginning of the c&rbona- 
tion. to the completion of the hydrolysis was carried out 
within 5 min. 

One gram of the product was melted and spread over 
an area of 20 cm*, then permitted to crystallize, yielding 
a layer of about 0.05 cm in thickness. An open area of 

4.7 cm* was screened out for a count test with a Geiger- 
Miiller counter having a mica window 2.54 cm in diameter 
and 2.8 mg/em® in thickness. The distance between the 
sample and the mica window was 9.1 cm. The net counts 
obtained were 28/sec. 

In order to compare this figure with the theoretically 
expected count, the latter was computed in the following 
manner. The upward activity I of a layer of thickness 
p g/cm s , an area of A cm*, and containing a mc/g, cor¬ 
responds to 

where p, = absorption coefficient in cm*/g of the radiation 
in question (7). If p equals or is larger than the range 
of the betas, the exponential term becomes zero and the 
bracket is unity. This was the case in this test, since 
the Tange of 0.14-Mev betas is 20 mg/cm®. 

From the chemical synthesis, 2 me of should be 
present in about 0.024 mole of tridecanoic acid, i.e., in 
5.2 g of the acid. In other words, o = 0.39 mc/g. With 
H = 270 cm*/g for the electrons of radioactive carbon 
(8), we have / = 0.0034 me, or, converted into counts, 
1.25 x 10 5 counts per sec. 

From the geometry of the arrangement, the spatial 
angle (in terms of 2 n) that the mica window represents 
in 1-cos tan-* (1.27/9.1) = 0.0097. Hence the counts 
corresponding to this spatial angle are 1200 per sec. 

The mass of air between the sample and the counter is 
10,9 mg/cm*, to which must be added the mass of the 
mica window, giving 13.7 mg/cm*. The relative in¬ 
tensity of betas escaping absorption Is then exp (-270 x 

13.7 x 10"*) =0.024. The number of betas that should 
reach the counter is then 29 per sec. This is in good 
agreement with the experimentally obtained value of 28 
par sec. 
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Cancer: radiations, virus, environment . (Vol. II.) J. 

Mawin. Paris, Prance: Casterman, 1949, Pp. 306. 

120 fr. 

Volume II, comprising Chapters V to VII of Dr. Mwi- 
sin’s treatise on cancer, is a critical review of the liter¬ 
ature on the relationship of radiations, viruses, and en¬ 
vironment to cancer. 

The importance, in the etiology of cancer, of various 
agents, such as X-rays, radioactive substances, ultraviolet 
light, certain animal parasitos, coal tar, and some hydro¬ 
carbons which produce prolonged ot chronic irritation is 
now generally recognized. Cutaneous contact with solar 
rays or X-rays causes cancer of the skin. Inhalation of 
radioactive substances causes cancer of the lung. Inges¬ 
tion of radioactive substances causes cancer of the bone. 
These phenomena belong to the category of environ¬ 
mental cancer. Dr. Maisin believes that cancerization 
by these rays, whether internal or external, is the result 
of mutation of normal cells into neoplastic cells. An¬ 
other characteristic property of all the cancers caused 
by radiation is a long period of latency. In man, this 
period is from 10 to 20 years (from the last irradiation to 
the onset of the cancer). It seems, therefore, that the 
cell which has undergone mutation rests dormant for years 
without division. The altered gene, one could call a 
mu t age lie. The atomic bombs that wiped out the cities 
of Hiroshima and Nagasaki in 1945, although they 
spared a certain number of humans, different species of 
animals, and numerous plants, have tragically placed these 
survivors under ideal experimental conditions for the 
study of the mutagenic action of penetrating rays. All* 
have been largely irradiated with sublethal doses of a, G, 
and y rays. It will bo of great value to observe what 
becomes of their descendants. The accident having oc¬ 
curred, it will be a pity if science cannot profit from it. 

It is now well recognized that cancer in animals can 
be caused by parasites Qongyloncma neoplasticum, and 
Cysticeroua fasciolaris, and by viruses—Rous chicken 
sarcoma, Fujinami fowl myxosarcoma, Shops rabbit pa¬ 
pilloma, LuckC frog kidney carcinoma, Bittner mouse 
breast cancer, and Yoshida rat ascites sarcoma. (Yoshida, 
T., Muto Y,, and Sasaki Z. Proc. imp. Acad., Tokyo, 
1944, £0, 611. Note by K. Sugiura.) However, there is 
no evidence that cancer in man is caused by parasites or 
viruses, although this assertion has been made frequently. 
Carcinogenic parasites or viruses themselves would not be 
able to initiate a malignant tumor if the environment and 
genetic factors of the host were not favorable. - 

Although cancer is not properly termed an hereditary 
sickness, heredity plays an important role in the genesis 
of cancer. In certain types of cancer, hormone influence 
also plays a role in the formation of malignancy. With¬ 
out tliis hormonal influence* in spite of heredity, these 
cancers will not appear. The influence of external en¬ 
vironment in the development of human cancer has 
long been recognized. Perelval Pott, in 1778, noted that 


cancer of the scrotum was unusually common among 
chimney sweeps. Subsequently, various environmental or 
occupational cancers have been described. Thus cancer 
of the skin, lung, and bone by contact with radioactive 
; substances and X-rays; cancer of the scrotum, face, hands, 
bladder, and liver by contact or ingestion of hydrocar¬ 
bons; and skin cancer by solar rays. Thus a number of 
human cancerB are known to be of extrinsic origin, but a 
substantial proportion con bd prevented by environmental 
control in industry. 

Finally, Dr, Maisin hopes for discovery of a il peni¬ 
cillin or sulfonamide’ 9 for cancer cells. He thinks, how¬ 
ever, that the discovery of a carcinolytic substance is 
further off than the means for the ultimate prevention of 
enneer. 

Dr. Maisin deserves to be congratulated for this valu¬ 
able addition to cancer literature, and students of cancer 
may greatly profit from it. The bibliography includes 
739 papers, written by 626 individuals and joint authors. 
The first four chapters, treating the subject of heredity, 
hormones, and carcinogenic substances, form Volume I 
of this work. 

Kanematsu SuGiniA 

SloanK altering Institute for Cancer Research 

Human ancestry from a genetical point of view. K. Bug¬ 
gies Gates. Cambridge, Mass.: Harvard Univ. Press, 

1948. Pp. xvi + 422. (Illustrated.) $7.60. 

Nowadays a book on human evolution has a definite 
reader appeal. This fact imposes on the author a demand 
for a generally high level of performance—quite apart 
from his obligation to anthropology, to the reader, and 
to clear, simple writing. We have every right to expect 
authoritative reporting and objective interpretation. 
There are certain descriptive facts concerning fossil man 
and modern races that are the common possession of the 
literature in this field and these can be brought together 
with reasonable facility. It is not so much, therefore, the 
assembling as the interpreting that becomes important. 

Human ancestry does not fulfill this demand. It is 
unevenly written; one has the feeling that it was written 
in spurts, with parts, or even whole chapters, inserted as 
afterthought. Well-established evolutionary concepts are 
presented almost as though they were unique to the present 
volume, For example, much is made of ** parallel evolu¬ 
tion M as a relatively neglected avenue of interpretation; 
yet Le Gros Clark for the Primates and Olson for the 
mammals have developed this theme in precise detail. 

The lay reader will be dismayed by the interjection into 
an acceptable literary stylo of very technical botanical 
and zoological material as evidence to support sweeping 
generalizations. The result is rather like encountering a 
number of road repair and detour sigtis along a flue con¬ 
crete highway. 

Prof. Gates insists that there are five species of living 
Htmo t H* aurtralicut, 27. capeneia, E. afriomu*,} 5f. ntoa- 
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goloideus, and fi. cattoariou*. Xu bo doing ho chooses to 
disregard the concept of mutual interfertility. He neglects 
also the earlier statement of Georges Puchet (oo. 1860) 
that 11 either we must admit different species in the genus 
Homo, or we must entirely revise zoological classifica¬ 
tion.'' 

This reviewer is not so much concerned with the es¬ 
tablishment of five human species as with the attitude, 
th© conceptual values, behind it. The whole thing has 
an air of a racial (specific) hierarchy, a “superior- 
inferior" categorization. The sequential build-up is 
clear; "This eighteenth century political doctrine [that 
‘all men are born free and equal'] is hopelessly at vari¬ 
ance with the facts of science. . . ." (p. 114); “there is 
no question of the inheritance of mental abilities and 
disabilities" (p. 145); “ . . . the mental differences be¬ 
tween races remain and cannot be gain-said" (p. 367). 
The reader is led, even though perhaps unconsciously, into 
a racist patterning of thought, both culturally and bio¬ 
logically. 

The fact that this is a “ bad'' book is, in a sense, beside 
the point. What really matters is that it is not a ‘ * good 7 7 
book. It should have been; with more care and objective? 
thinking it could have been. 

Wilton Marion Krogman 

Graduate School of Medicine, 

University of Pennsylvania 


Cosmic ray physics . D. J. X. Montgomery, Princeton, 

N. J,: Princeton Univ. Press, 1949. Pp. viii + 370. 

(Illustrated.) $5.00. 

A grp at number of physics students are nowadays 
turning to the subject of cosmic rays, and for some years 
there has been a serious need for a textbook to introduce 
the subject to them in their first or second year of gradu¬ 
ate study. The need has been particularly urgent because 
of the lamentable state of periodical literature on cosmic 
rays. There is a bewildering profusion of articles on the 
subject—articles written in many languages, scattered 
throughout many journals, and full of mistakes and con¬ 
tradictions that a beginning student cannot be expected 
to sort out for himself. 

Cosmic ray physics, by I). J. X. Montgomery, fills the 
need for such a textbook reasonably well and therefore 
will be heartily welcomed. It Is easier to read tlmn the 
recent book Cosmic rays , by L. Janossy (Oxford, 1948), 
and it is much more accurate and up-to-date than the few 
earlier books. Its major emphasis is on the principles 
underlying cosmic-ray experiments and the. interpretation 
of experimental results. In contrast to Janotsy's book, 
theoretical calculations are in general omitted, although 
the theoretical methods are broadly sketched in a qualita¬ 
tive fashion and some of the results of theoretical cal¬ 
culations are presented. The book offers little in the 
way of original contribution or information not published 
elsewhere, but is rather a survey of the cosmic-ray work 
U P to 1948. One of its outstanding features is its exhaus¬ 
tive lists of references. 

liontgomery'g book was begun on the basis of a series 
of lectures on cosmic rays given by Marcel Schein at 


Princeton in 1946. Since then, however, the volume has 
been much amplified; many more recent experimental 
results have been incorporated, and notable contributions 
have been made by Niels Arley and by the late Shuichi 
Kusaka. Thus the author has been guided by specialists 
in both the experimental and theoretical branches of the 
subject. 

There arc, unfortunately, some errors in the book, and 
the author has occasionally taken a too credulous attitude 
towards an experiment or a theory. The references 
sometimes make no distinction between good work and 
bad. These, however, aTe not general characteristics. 
More commonly, Montgomery has adopted a healthy, 
critical view of published results, and hus successfully 
weeded out errors. The occasional one remaining may 
serve as a teaching aid by stimulating students to read 
more carefully and critically than they would if they 
expected the text to be infallible. 

Kenneth Greisen 

Cornell University 

The pulsation theory of variable stars . Svein JBosseland. 

New York: Oxford Univ. Press, 1949. Pp. viii + 152. 

(Ulustruted.) $5.00. 

The wealth of unanswered questions regarding the 
giant stars in general and the pulsating giants in partic- 
lar has attracted many astronomers in recent years to 
work on stellar pulsations. This work, however, has not 
yet given final answers to most of the essential questions. 
Under these circumstances the task of summarizing the 
present status of the pulsation theory is both extremely 
useful and very difficult; useful, because it may do much 
to stimulate the further research that is needed, and 
difficult, because definite facts are few to report, and 
many parallel investigations must be described whose 
relative values cannot yet )w ascertained. Professor 
Rossoland has undertaken this task in spite of its dif¬ 
ficulties and has completed it with singular success. 

The first three chapters of the book contain the history 
and the basic elements of the pulsation theory. The 
following chapters describe the more recent develop¬ 
ments, such as pulsational stability, the form of the pul¬ 
sations in the outer parts of a star, and tlio effects of 
the nonlinearity of the basic equations. These topics 
are presented in a uniform and elegant mathematical 
form. The reading of these chapters may seem to re¬ 
quire an appreciable effort. However, this effort should 
be small compared with that necessary to understand 
some of the original papers. The final chapter presents 
a comparison of the present pulsation theory with the 
observational data on certain critical points. 

The chapter next to the last contains a discussion of 
shock waves. Since the book was published, the time¬ 
liness of this discussion has been amply demonstrated: 
new observational evidence obtained at the Mt. Wilson 
Observatory indicates that for some stars the pulsation 
in the atmosphere dobs indeed take the form of a shock 
wave. 

Martin Schwarzschjld 
Princeton University Observatory 
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mechanics . Philadelphia: Blakiston, 1949. Pp. x + 
174, (Illustrated.) $4.00. 

■j Jenkins, Glenn L., DuMez, Andrew G,, and Chris¬ 
tian, George P. Quantitative pharmaceutical chem- 
- istry. (3rd ed.) New York-London: McGraw-Hill, 
1949. Pp. xii + 531. (Illustrated.) $4.75. 

Kramer, Mary Evkribt. (Ernest A. W, Sheppard and 
Louisa Wells-Kramer, eds.j) Clinical orthoptics: diag¬ 
nosis and treatment. St. Louis: C. V. Moshy, 1949. 
Pp. 475. (Illustrated.) $8.00. 

Baton, Anita Duncan, and Powers, Samuel Ralph. 
New directions in science teaching ; a report of a 
cooperative project in seventeen Secondary sohools with 
the Bureau of Educational Eesearch in Science f Teach¬ 
ers College , Columbia University. New York-London: 
McGraw-Hill, 1949. Pp. xi + 164. $2.50. 

Lefschktz, Solomon. Introduction to topology. 
Princeton, N. J.: Princeton Univ. Press, 1949. Pp. 
viii+ 218. (Illustrated.) $4.00. 

Lothian, G, F. Absorption spectrophotometry. (Brtl 

ed. of Twynian and Allopp’s The practice of absorp¬ 
tion spectrophotometry with Hilger instruments). 
Boston (16), Mosb. ; Jarrell-Ash; London (N.W.l), 
Engl.: Hilger and Watts, 1949. Pp. 196. (Illus¬ 
trated.) $7.60 postpaid. 

MacLeod, Colin M. (Ed.) Evaluation of chemothera¬ 
peutic agents: symposium held at the New York Acad¬ 
emy of Medicine, March 25 and #6, 1348. New York: 
Columbia Univ. Press, 1949. Pp. xii+ 205. $4.00. 

Mon ikr-Williams, G. W. Trace elements in food . New 
YoTk: John Wiley, 1949. Pp r viii+ 511. $6.00. 

Morgan, Banner Bill, and Hawkins, Philip a. Vet- 
erinary helminthology. Minneapolis 16, Minn.: Bur¬ 
gess Publ., 1949. Pp. 400. (Illustrated.) $7.00, 
Pease, Katharine, Machine computation of elementary 
statistics. New York 10, N. Y,: Chartwell House, 
1949. Pp. 238. (Illustrated.) $2.75. 

Peters, Hans M. Qrundfragen der Tierpsychologic: 
Ordnungs- wnd Gestalt problems. Stuttgart, Germany*. 
Ferdinand Enke, 1948. Pp, viii+117. (Illustrated,) 
IP* 

Quarles, Gilford G. Elementary photography. (2nd 
ed.) New York: McGraw-Hill, 1948. Pp. xii+ 345. 
(Illustrated.) $4.50. 

von Bbrtai*antfy, Ludwig. Das biologische Weltbtfd; 
Die SteUung des Lebens wt Nature und Wissensohaft, 
(Band 1). Berne, Switzerland: A. Fronoke Ltd., 
1949. Pp. 202, 11 fr., (Swiss); 14.50 fr., cloth- 
bound, 

Yagoda, Herman, Eadiactive measurements with nu¬ 
clear emulsions. New York: John Wiley, 1949. Pp. 
ix + 350. (Illustrated.) $6.00. 

-v Index to the literature of experimental cancer 

research 1300-M5. Philadelphia : Bonner Foundation, 
1948. Pp, xii + 1007. $10,00. 
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NEWS 
and Notes 

G. R. Hutchinson, of Yale Uni¬ 
versity, is travelling in Europe on a 
Guggenheim fellowship during the 
summer and fall. He expects to visit 
limnological laboratories in Great 
Britain, Norway, and Sweden and 
will spend some time at the Iustituto 
Ttaliano d'idrobiologia at Pallatize 

C. P. Boner, professor of physics 
and director of the Defense Research 
Laboratory at the University of 
Texas, has been appointed dean of 
the College of Arts and Sciences, ef¬ 
fective September 1. Dr, Boner suc¬ 
ceeds H. T. Purlin, who will become 
dean emeritus at that time. Dr. 
Boner will continue his work at the 
Defense Research Laboratory on a 
part-time basis. 

Ernest Sachs, professor emeritus 
of neurological surgery, Washington 
University, St. Louis, has been ap¬ 
pointed research associate in physi¬ 
ology at Yale University. 

John Eberhart, chief psychologist 
of the Training and Standards 
Branch of the National Institute of 
Mental Health, has been appointed 
director of research projects for the 
institute, effective July 1. Dr. Eber- 
hart succeeds Lawrence Kolb, who 
has accepted a position as consultant 
in psychiatry at the Mayo Clinic, 

Richard H. Shryock has been ap¬ 
pointed director of the Institute of 
the History of Medicine and Wil¬ 
liam H. Welch Professor of the His¬ 
tory of Medicine at the Johns Hop¬ 
kins University School of Medicine, 
elective in September. He is now 
professor of American history at the 
University of Pennsylvania. 

E. C. Raney, associate professor 
of ichthyology at the Cornell Univer¬ 
sity Department of Conservation, has 
been engaged by the Saltwater 
Sportsmen and the Massachusetts 
Pish and Game Association to spend 
the summer collecting and organising 
information on the striped boss and 


to outline research on this species. 
Dr. Raney will visit research centers 
from Maine to North Carolina, 

C. Donnell Turner, chairman of 
the Department of Biology, Utica 
College of Syracuse University, has 
accepted a visiting professorship in 
biology at the University of Ran¬ 
goon. He expects to sail for Burma 
in July. 

John E. Davis recently retired as 
head of the Department of Physics, 
William Jewell College, Liberty, Mis¬ 
souri. He has been a faculty member 
since 1907 and hood of the depart¬ 
ment since 1912. He continues as 
professor of physics, and is succeeded 
by Wallace A. Hilton as head of the 
department. 

Claude A. Villee, of the Depart¬ 
ment of Biological Chemistry, Har¬ 
vard Medical School, who was 
awarded a Guggenheim Memorial 
Foundation fellowship for 1949-50, 
will study nucleoprotcin metabolism 
at the Carlsberg Laboratory in Co¬ 
penhagen with K. Linderstrwn-Lnng. 

Visitors to U. S. 

C. V. Robinow, of the Strange- 
ways Research Laboratory, Cam¬ 
bridge, England, has been appointed 
visiting professor in the Department 
of Biological Sciences at Purdue Uni¬ 
versity for the coming summer ses¬ 
sion. Dr. Robinow, whose field is 
the cytology of bacteria, particularly 
the nuclear structure of bacteria, 
will offer a course in experimental 
microbiology to graduate students. 

Mary L. Cartwright, of the De¬ 
partment of Mathematics, Girton Col¬ 
lege, Cambridge, recently returned 
to England after an extended lecture 
tour in this country. At the invi¬ 
tation of Solomon Lefschetz, Dr. 
Cartwright spent three months at 
Princeton University as consultant 
on his differential equation project, 
which is sponsored by the Office of 
Naval Research. 

Frederick Baltaer, professor of 
biology at the University of Bern, 
Switzerland* has been visiting the 
University of Colorado Medical Cen¬ 
ter at Denver, where he presented 
discussions of his experiments on the 
development of hybrid transplants in 


amphibians to the staff seminar on 
fundamental biology. Dr. Baltr-er 
sails for Switzerland on July 7. 

Leonce BonnefU, chief of the Sec¬ 
tion of Zoology and Entomology, De¬ 
partment of Agriculture, Port-au- 
Prince, Haiti, arrived June 16 for a 
three-month stay. While here, he 
will confer with experts in the field 
of fish and wildlife conservation. 

Recent visitors at the National 
Bureau of Standards were F. W. 
Thomas, head of the Technical Proc¬ 
essing Department of the British 
Cotton Industry Research Associa¬ 
tion, Shirley Institute, Manchester, 
England; R. C. Bevan, principal 
scientific officer, Building Research 
Station, Department of Scientific 
and Industrial Research, Watford, 
England; Shragga Irmay, senior 
assistant and instructor at the 
Hydraulics Laboratory, Hebrew In¬ 
stitute of Technology, Haifa, Israel: 
R. M. Wilcox, Department of 
Physics, University of Toronto, Can¬ 
ada; R. S. Airs and J. B. Mathews, 
Shell Petroleum Company, Ltd., 
Thornton, England; and L. M. 
Clark and H. E. Jones, Imperial 
Chemical Industries, Ltd., Norwich, 
England. * 

Grants and Awards 

The Old Dominion Foundation, 
established by Paul W. Mellon, has 
awarded $2,000,000 apiece to Yale 
University and Vassar College. The 
gift to Yale is to be used to expand 
its student psychiatric guidance pro¬ 
gram, which will be directed by 
Clements C. Fry, head of the Division 
of Psychiatry and Mental Hygiene 
of the university's Department of 
Health. Vassar will use the donation 
to establish the Mary Conover Mellon 
Fund for the Advancement of Edu¬ 
cation. This counseling program 
will be directed by Carl Bingor, psy¬ 
chiatrist and member of the faculty 
of the Cornell University Medical 
College. 

The Charles Lathrop Pack 
Forestry Foundation has donated 
$100,000 to the University of Michi¬ 
gan to establish a course of study 
leading to a master's degree in con¬ 
servation, The gift will be made 
in grants of $10,000 a year. 
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The Association for the Study of 
Internal Secretions, at its thirty- 
first annual meeting in Atlantic City 
on .Tune 3-4, presented the E. E. 
Squibb and Sons Award to Herbert 
M, Evans; the Ciba Award to George 
Sayers; the Ayerst, McKenna, and 
Harrison Fellowship to Ernest M. 
Brown, Jr.; and the Sobering Fund 
Fellowship to D. Lawrence Wilson. 

A five-year grant for research in 
tho cause and prevention of retro- 
lental fibroplasia has been estab¬ 
lished by the Dunlevy Milbank 
Foundation Inc. t at the Columbia - 
Presbyterian Medical Center, New 
York City. The research will be di¬ 
rected by John Dunnington, director 
of the Ophthalmological Service at 
the center. Algernon B. Reese, at 
tending ophthalmologist and patholo¬ 
gist, will be in direct charge of the 
project. 

Seale Harris, of Birmingham, 
Alabama, was awarded the Dis¬ 
tinguished Service Medal by the 
American Medical Association at its 
meeting in Atlantic City. Dr. Harris 
is best known for his research on ky- 
perinsulinism and its control. 

The Charles A. Coffin Award— 

a gold medal and $1,000—was 
granted to the Union Electric Com¬ 
pany of Missouri at tho annual con¬ 
vention of the Edison Electric In¬ 
stitute. The award is made annually 
for outstanding achievement among 
privately owned utilities. 

Fellowships 

A fellowship leading to an M.S. 
degree in chemical engineering at 
the Illinois Institute of Technology 
will be given by the Chicago Paint 
and Varnish Production Club and 
the Chicago Paint and Lacquer As¬ 
sociation for the academic year 1949- 
50. Based on competitive examina¬ 
tion, the fellowship will grant $1,000, 
plus $550 tuition for two semesters 
to tho winner. Applications should 
. be sent to William A. Lewis, dean of 
the Graduate School, Illinois Insti¬ 
tute of Technology, Chicago Id, be¬ 
fore July 16, 

Th* Americ*n Heart Awodmticm 
«aqubmi the availability of fellow- 
•hlp» for reeeareh and eatablkfaed 


investigations in cardiovascular dis¬ 
ease. Applications must be filed not 
later than September IS, Applica¬ 
tions for a limited number of grants- 
in-aid for research studies in the 
cardiovascular field and in basic re¬ 
search will be accepted until Decem¬ 
ber 15, If both fellowship and 
grant-in-aid arg desired, the two 
applications should be filed together. 
Further information and application 
blanks may be obtained by writing 
the Medical Director, American 
Heart Association, 1775 Broadway, 
New York 19. 

Colleges and Universities 

The University of Toledo will 
offer a graduate program in glass 
technology beginning in 1949-50. 
The program will be open to students 
with a B.A. in chemical engineering, 
chemistry, or physics. Inquiries re¬ 
garding the program should be di¬ 
rected to Walter V. Burg, Depart¬ 
ment of Chemical Engineering, Uni¬ 
versity of Ohio, Toledo 6, Ohio. 

A series of eight weekly lectures on 
the history of science .will begin July 
5 at the University of Chicago. 
Lecturers will include visiting pro¬ 
fessors Willy Hartner, director of the 
Institute of History of Science, and 
Karl Reinhardt, professor of classi¬ 
cal philology, both of the University 
of Frankfort; and H. B. Acton, pro¬ 
fessor of philosophy, University of 
London. University of Chicago fac¬ 
ulty members who will participate 
are John A. Wilson, professor of 
Egyptology and associate director of 
the Oriental Institute; Leo Strauss, 
professor of political philosophy; 
Earl A. Evans, Jr., professor and 
chairman, Department of Biochem¬ 
istry; Enrico Fermi, professor of 
physics; and Charles C. Dolby, pro¬ 
fessor and chairman, Department of 
Geography. 

The University of Wisconsin has 
announced two symposia to be h*ld 
during its centennial program: 
“Mineral Nutrition of Plants”—- 
September 1-3; and “Plant Growth 
Substances “—September 5-7. De¬ 
tailed information may be had from 
B. p. Lee, Division of Residence 
Halls, Slichter Hall, University of 
Wisconsin, Madison 6. • 


Meetings and Elections 

4 . ; ‘ * 

The Second International Audi¬ 
ology Conference wfll be held in 
London at the Royal Society of Medi¬ 
cine, July 15-16. Interested profes¬ 
sional specialists are invited to the 
open meeting on July 16. 

The 12th International Dairy 
Congress will be held at Stockholm 
Sweden, August 15-19, for tho pur¬ 
pose of reviewing developments and 
exchanging technical information in 
the field of dairy research. The 
United States, although not a mem¬ 
ber of the International Dairy Fed¬ 
eration, has been represented at tho 
last three congresses and this year 
will send a delegation of ten, headed 
by Ollie E. Reed, chief of the De¬ 
partment of Agriculture’s Bureau 
of Dairy Industry. 

The 47th meeting of the Congress 
of French Psychiatrists and Neu¬ 
rologists will bo held at Clermont- 
Ferrand, September 12-18. The ma¬ 
jor topics will be the reactive psy¬ 
choses; the consequences of occipital 
lobe surgery; and medicolegal psy¬ 
chiatry. The genera) secretary of 
tho Congress is Dr. Paul Cossa, 29 
Bd. Victor Hugo, Nice, France. 

Centre National de la Recherche 
Sclentifique announces that a collo¬ 
quium on Algebra and the Theory 
of Numbers will be held in Paris, 
September 28-October 1. TJ. S. sci¬ 
entists invited to attend are: Oscar 
Zariski, Harvard University; Emile 
Artin, Princeton University; Gar¬ 
rett Birkhoff, Harvard University; 
and Andr6 Weill, University of Chi¬ 
cago. 

The 31st National Metal Con¬ 
gress and Exposition will be held 
in Cleveland’s Public Auditorium, 
October 17-21. “ Economy in Pro¬ 
duction” will be the theme, and ex¬ 
hibits are planned to demonstrate 
what modem industrial equipment 
can do to effect savings in cost pro¬ 
duction. 

The 1949 meeting of the History 
of Science Society will be held in 
conjunction with the annual meeting 
of the American Historical :|Usq- 
elation at Boston late inDeeembeL 
Plans aye now being made for the 
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program; and members of the society 
interested in buhmitting papers for 
consideration should comm uni cate 
with the Chairman of the Program 
Committee, Professor Henry E. Guer- 
lac, Cornell University, Ithaca, New 
York. No papers can be considered 
after October X . 

The Electrochemical Society 

elected the following officers at its 
recent annual meeting held in Phila¬ 
delphia: Alfred L. Ferguson, pro¬ 
fessor of chemistry, University of 
Michigan, president; J. C. Warner, 
dean of Graduate Studies and head 
of the Chemistry Department, Car¬ 
negie Institute of Technology, rice 
president. 

A Conference on Scintillation 
Counters was held in Oak Ridge on 
June 3 and 4. This was the second 
in a series of conferences sponsored 
by the Oak Ridge National Labora¬ 
tory; the first was the low tempera¬ 
ture symposium held lust summer. 
The scintillation conference was at¬ 
tended by approximately 175 people, 
including 125 out-of-town visitors 
from universities, industries, and 
government agencies throughout the 
country. 

The first day was devoted chiefly to 
four lectures. H. Kallmann, of the 
Signal Corps Laboratories, reported 
on the work that led to his discovery 
that naphthalene could be used in 
conjunction with a photomultiplier to 
count beta particles. He also des¬ 
cribed his subsequent investigations 
of other phosphors. F. Belts, of 
Carnegie Institute of Technology, 
discussed the possibility of obtaining 
crystals that would exhibit multipli¬ 
cation properties similar to a Geiger 
counter. George Morton, of the RGA 
Research Laboratories, reviewed the 
design and characteristics of present- 
day photomultiplier tubes, particu¬ 
larly with reference to scintillation 
counting. P. R. Bell, physicist at 
the Oak Ridge National Laboratory, 
described his scintillation spectrom¬ 
eter and showed examples of its 
use for measuring the beta spectrum 
of severhl isotopes. This apparatus 
was demonstrated at the conclusion 
of the session. 

More than a hundred members at- 
tefidftd a dinner, after which Dr* 
Kallmann told about some of his 


work at the Kaiser Wilhelm Insti¬ 
tute, and the tremendous difficulties 
he had in getting apparatus. 

The second day’s session was de¬ 
voted to a discussion of the various 
aspects of scintillation counting. 
Several experiments in which scin¬ 
tillation counters were the primary 
tool were described. It. Hofstadter 
showed that gamma rays are scat¬ 
tered as predicted by the KJein- 
Nishinu formula. L. F. Wouters des¬ 
cribed some of the work going on at 
Berkeley with fast neutrons and pro¬ 
tons. Martin Deutsch gave an ac¬ 
count of his work on the time of 
decay of the positron in various 
gases. Most of the day was spent in 
discussing photomultiplier tubes, 
phosphors, light collectors, and elec¬ 
tronic circuits. 

Martin Deutsch, of MIT, served as 
chairman of both sessions. 

W. II. Jordan 

NRC News 

The NRC Committee on Unesco 
held its semiannual meeting at Spring 
Mill State Park, Indiana on June 3 
and 4. The whole science program 
of Unesco was examined and certain 
specific recommendations were made 
with regard to present and future ac¬ 
tivities. 

In preparation for the current Con¬ 
ference on Scientific Abstracting un¬ 
der the sponsorship of Unesco, the 
committee made the specific recom¬ 
mendation that Unesco should sub¬ 
sidise two or more agencies to dis¬ 
tribute promptly and economically 
reliable abstracts covering the 
world’s literature in biology and 
medicine. Initial emphasis is placed 
on biology and medicine because 
Unesco has learned much in the past 
two years about factors that have 
hindered progress in this area, and 
further because Unesco’s Committee 
on Blelogioal and Medical Abstract¬ 
ing can readily outline a detailed 
program for immediate action. A 
concerted attack upon the problem 
for a limited area is favored over 
an attempt to establish in the near 
future an over-all coordinating office 
for scientific abstracting. 

The committee endorses the exist¬ 
ing Unesco program of grants-in-aid 
to the international scientific Onions, 


and urges its continuation. It urges 
in addition that the United States 
Government make available adequate 
funds for travel expenses of its rep¬ 
resentatives to international meetings 
so that they will be chosen because of 
their scientific standing and the con¬ 
tribution that they can make to a 
professional meeting, rather than be¬ 
cause they individually are able to 
finance their travels. It is suggested 
that a minimum of 25 percent of the 
funds provided for United States 
representation be used to finance the 
attendance of scientists under thirty- 
five years of age. 

The committee formally accepted a 
report submitted to the Department 
of State recommending that a limited 
number of United Nations research 
laboratories be established in the 
near future. The committee recom¬ 
mends immediate favorable oonsider- 
atoin of three projects: an inter¬ 
national computational center or a 
mathematical and statistical consult¬ 
ing center, to be established some¬ 
where in Central Europe; an institute 
for individual and social psychology, 
working directly with the United Na¬ 
tions; and on institute of geomedi¬ 
cine, the latter possibly as a joint 
project for Unesco and the World 
Health Organization. 

The committee learned with regret 
that certain difficulties have arisen 
with* regard to the formal ratifica¬ 
tion of the agreement for the estab¬ 
lishment of the International Insti¬ 
tute of the Hylean Amazon. The 
Committee urges the U. S. National 
Commission for Unesco to use its 
good offices in investigating the rea¬ 
sons for the delay and in promoting 
healthy conditions for the growth 
and development of this institute, 
which should be a model of Unesco’s 
work. 

The committee expressed a deep 
interest in the new Technical Assis¬ 
tance Program of the Economic and 
Social Council of the United Nations 
and approved the way in which 
Unesco is collaborating in this im¬ 
portant activity. The committee 
urged that the local population 
should be given important responsi¬ 
bilities in the execution of the pro¬ 
gram and that careful attention be 
paid to the effect of the assistance 
upon the cultural, political and social 




26 


SCIENCE 


July 1, 1949. Vol. 110 


conditions of the population. It 
urged further that in the agricultural 
and industrial training program, full 
advantage be taken of experience 
gained through existing projects, and 
that in technical training programs 
emphasis be put on the development 
of small rural industries and on 
teaching by the apprentice method. 
Attention was drawn to the impor¬ 
tance for wide areas of the world of 
improving fishing methods and hand¬ 
ling of the catch. The committee 
recommended that, to supplement the 
local technical training programs, op¬ 
portunities for further training at 
home and abroad should be provided 
for technicians who show marked 
ability. It is hoped that Unesco will 
emphasize those phases of the pro¬ 
gram which involve participation or 
cooperation of several countries and 
that colonial and minority people 
may have a voice in the program 
through the Trusteeship Council of 
the United Nations. 

In a letter addressed by the com¬ 
mittee to the chairman of the Na¬ 
tional Research Council, the sugges 
tion was made that the present in¬ 
adequate representation of science in 
the Department of State can be reme 
died by the establishment of the 
Office of the Special Advisor in Sci¬ 
ence to the Secretary of State. The 
special advisor should be on a full- 
time basis and be available for con 
sultation not only to the Secretary of 
State, but also to the Assistant Secre¬ 
taries for the United Nations, for 
Economic Affairs, and for Public 
Affairs. To discharge his duties 
properly, the Special Advisor in Sci¬ 
ence should be provided with an 
adequate professional staff in Wash¬ 
ington. In addition the committee 
attaches great importance to the 
assignment to embassies abroad of 
foreign service officers, ot special 
scientific attaches with specific train¬ 
ing in a branch of science but broad 
general scientific interests. 

The committee expressed great in¬ 
terest in a suggestion made by Con¬ 
sumers Union of the United States, 
proposing a project to promote wider 
international exchange of informa¬ 
tion on techniques of consumer test¬ 
ing and a parallel program of con¬ 
sumer education. The committee 
to make a further study of 


these projects before submitting a 
definite proposal to the U. 8. Na¬ 
tional Commission for Uneseo. 

Copies of the full texts of the 
various resolutions may be obtained 
from the chairman of the NBC 
Committee on Unesco, Bart J. Bok, 
Harvard ObseiyatOrv, Cambridge 38, 
Massachusetts. *. 

Deaths 

William D. Webater, 65, untrue 
tor in zoology, University of Neb¬ 
raska, died May 13 of a heart attack 
at Lincoln^ Nebraska. 

Arthur W. French, 80, professor 
emeritus of civil engineering at-Wor¬ 
cester Polytechnic Institute, died at 
his home on May 27. Dr. French was 
a pioneer in the use of reinforced 
concrete. 

Walter Elmer Ekblaw, 67, pro 

fesaor of geography at Clark Uni¬ 
versity, died on June 5 at his home 
in North Grafton, Massachusetts. 
Dr. Ekblaw was associated from 1913 
to 1917 with Donald MacMillan on 
the Crocker Land Expedition to the 
Arctic, and was a charter member of 
both the Explorers Club in New 
York and the Cosmos Club in Wash¬ 
ington. 

George Brewer, 46, physiologist, 
died June 12 at Doctors* Hospital, 
Washington, D. C. Dr. Brewer was 
a former professor of physiology at 
the medical schools of both George¬ 
town and George Washington Uni¬ 
versities. 

James Purves-Stewnrt, 79, neu¬ 
rologist, died in London on June 14, 
Sir James, who received his knight¬ 
hood in 1918, is the author of 
nosis of nervous diseases. 


The Veterans Administration 
Hospital,' Hines, Illinois, is looking 
for a biophysicist to take charge of 
a newly established neuropsychiatric 
laboratory in the research service. 
Applicants should have either a PhJD, 
in biophysics or a Ph.D. in biochem¬ 
istry with a minor in biophysics, and 
should be experienced in medical re¬ 
ward*. The beginning salary for 
the position it $6,236 a year, with 


periodic increases up to a maximum 
of $7,192. A 

Headquarters for the newly cre¬ 
ated Uruguayan Association for 
the Advancement of Science (Aso- 
ci&eidn Uruguay a para el Progreso 
de las Ciencias) have been estab¬ 
lished in Montevideo. The aims of 
the association include the develop¬ 
ment of all branches of science and 
the initiation of new, specialized sub¬ 
jects; tiie creation of scholarships 
for scientific research; a program of 
collaboration with the University of 
Montevideo to achieve the maximum 
development of its scientific re¬ 
search ; liaison among scientific inves¬ 
tigators working in the same or dif 
ferent fields; the securing of sci¬ 
entific investigators from other coun¬ 
tries to work in Uruguay; and the 
maintenance of a clearing house for 
exchange of information with for¬ 
eign institutions, particularly on 
scientific activities and publications. 

Correspondence may be addressed 
to the president, Professor Clemente 
Estable, Institute de Investigationes 
en Ciencias Bioldgicas, MUl&n 4096, 
or to the secretary, Professor O. J. 
Maggiolo, Institute de M&guinas, 
F&euLtad de Ingenieria, Cerrito 78, 
Montevideo, Uruguay. 

Recently Received— 

Chemical Production of Lactic Add 
from Sugars by Bex Mont¬ 
gomery. Scientific Beport Series 
No. 11. Copies available without 
charge from Sugar Research 
Foundation, Inc., 62 Wall Street, 
New York 6, N. Y. 

Non-Linear Vibrations by Mary L. 
Cartwright. Reprinted from The 
Advancement of 8eienee, April 
1949. Available from the British 
Association for the Advancement 
of Science, Burlington House, 
London, W.I., England at 1/ld. 
Prospecting for Uranium. Published 
by the Atomic Energy Commission 
and the U. S. Geological Survey. 
Available from the Supt. of Docu¬ 
ments, U. S. Govt. Prntng, Office, 
Washington 26, D. 0. at 80f 
Notation on a Color Syetem by Louis 
Oheskisu Available frcun Color Be- 
aeareh Institute, Catieago Sj Illi- 
noiset 50dv 
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An Institute of Microbiology- 

Selman A. Waksman 

Rutgers University , New Brunswick, New jersey 

M icrobiology comprise* the field of 

knowledge of various microscopic forms of 
life including the bacteria, fungi, yeasts, ac- 
tinomycet.es, protozoa, and algae. This science em¬ 
braces a study of the occurrence of microorganisms in 
nature, their nutrition, their structure and life cycle, 
their role in numerous natural processes, and their 
relation to man, to domesticated and wild animals 
and plants, and to one another. 

Although various microbes have been utilized by 
man since time immemorial and although some of the 
diseases caused by microbes have been combated since 
prehistoric man, the science of microbiology is of very 
recent origin. One of the youngest of sciences, it was 
hardly recognized as such a hundred years ago. Par¬ 
ticularly striking progress has been made in late years, 
however, in our knowledge of the fundamental aspects 
of the physiology and nutrition of microorganisms 
and in the practical applications of this knowledge. 
In a relatively brief time, an important field of sci¬ 
ence has come into being—a science with applications 
in virtually every field of human endeavor. Micro¬ 
organisms are recognized now ns playing very im¬ 
portant roles in natural processes; they are the most 
important causative agents of human, animal, and 
plant disease; they are the cause of fermentation and 
therefore play, an important part in certain industrial 
processes antrin the preparation of many foodstuffs 
and beverages; they are largely responsible for food 
spoilage, deterioration, and destruction of all types of 
materials, ranging from textiles to steel pipes; and 
finally they are recognized ns the all-important agents 
in a great number of soil processes. Motc recently, 
with the development of our knowledge of the pro¬ 
duction of antibiotics and their use for combating a 
wide variety of diseases, microorganisms have come to 
occupy another highly important role in human econ¬ 
omy. 

Unfortunately, microbiology was heretofore treated 
us an inferior among the older sciences. It was usu¬ 
ally considered a handmaiden of various applied sci¬ 
ences and, as such, was accorded a second place. It 
was always subservient to such fields as medicine, 
Where it was closely tied up with pathology; public 
health, where it was associated with sewage disposal 
and sanitary conditions in general; and agriculture, 
where it was concerned largely with soil processes, 


-Its Aims and Purposes 


composts, und the preparation of silage and food¬ 
stuffs. 

Microbiology, it may be said, has not yet come into 
its own. This may be due partly to the fact that the 
two greatest early bacteriologists were interested not 
in microbiology ns a fundamental science, but rather 
in its applications. Louis Pasteur was a chemist and 
Robert Koch wus a clinician. They were more con¬ 
cerned with bretvery and fermentation problems on 
the one hand, and with infectious diseases on the 
other, than with the organisms causing these. It is 
true that Ferdinand Cohn, a botanist, fully appreci¬ 
ated the significance of bacteria as biological systems, 
but neither he nor the botanists following him recog¬ 
nized the great importance of this observation; they 
allowed the medical people and the fermentation in¬ 
dustries to take over microbiology and, primarily, its 
application. Microbes were thus considered as agents 
responsible for certain diseases or for certain impor¬ 
tant natural processes; they were to be either dis¬ 
couraged or encouraged, whichever the case might be, 
but they were to receive only scant recognition a& in¬ 
dependent biological systems. 

It )b further important to note that the general 
tendency has been, until recently, to limit the subject 
of microbiology largely to the study and utilization 
of bacteria. It was, for example, only four or five 
years ago that a group of botanists came to the con¬ 
clusion that microbiology is a field of knowledge in 
itself. They then proceeded to recognize it by or¬ 
ganizing a new society of microbiology—apparently 
in order to correct the blunder made by the botanical 
world some seventy-five years ago, in failing to rec¬ 
ognize the great potential importance of the bacteria 
and other microscopic forms of life studied by Fer¬ 
dinand Cohn. 

On the other band, many bacteriologists have also 
erred in this direction, some going so far as to con¬ 
sider the disease-producing bacteria as the only mi¬ 
croscopic forms of life worth studying. The very 
large number of saprophytic microorganisms which 
comprise bacteria, fungi, and actinomyeetes, were usu¬ 
ally either dismissed from consideration entirely or 
referred 16 casually as organisms that belong to the 
domain of soil bacteriology, and have, therefore, lim¬ 
ited importance. One illustration will suffice, Wil¬ 
liam Bullock, an outstanding British bacteriologist, 
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who has contributed to the science of microbiology one 
of the most comprehensive histories of the subject, not 
only omitted consideration of the fungi and the ac- 
tinomycetea, but even among the bacteria he gave 
little or no attention to the autotrophic and to the 
nitrogen-fixing organisms—two groups of bacteria 
that occupy a unique place in microbiology because of 
their specific physiological properties, their signifi- * 
cance in bacterial taxonomy, and their great economic 
importance. 

Because of such neglect, even on the part of ex¬ 
perts in the field, many microbiologists felt rather 
skeptical about proper recognition of their branch of 
science. In addressing the Third International Con¬ 
gress of Microbiology on the eve of World War II, 
Prof, Kluyver, one of the leading microbiologists in 
the world today, spoke bitterly of the lack of recogni¬ 
tion of microbiology as a field of science. He even 
anticipated attacks upon his lecture, and said that 
some critic might write: “The lecture gave additional 
evidence of the correctness of my earlier statement 
that it is questionable whether bacteriology is entitled 
to the rank of science. And if some benevolent judge 
might be willing to answer this question in the affir¬ 
mative sense, then it should be remarked that the 
lecture showed once more that bacteriology is a sci¬ 
ence which has no laws and almost no bacteriologists.” 

Kluyver was not the only microbiologist who voiced 
bitter disappointment in the prevailing attitude to¬ 
ward this science. By way of another illustration, 1 
cite u statement made privately to me by another 
prominent microbiologist, Charles Thom, formerly of 
the United States Department of Agriculture, to the 
effect that a colleague of his once remarked that soil 
microbiology had been the most futile field of labor — 
judged by what it produced—that he had any knowl¬ 
edge about. 

It is not my purpose either to defend the science of 
microbiology or to magnify its great theoretical and 
practical importance. I only emphasize the fact that 
during the last few years microbiology has had fo¬ 
cused upon it the attention of both the scientist and 
the practical man, I should like to give consideration 
here to the importance of only two groups of micro¬ 
organisms—namely, the fungi and the actinomycetes, 
both of which previously were largely neglected, ex¬ 
cept in certain limited fields of application. 

At no time in past history have these two groups 
of microorganisms played so great a part in the af¬ 
fairs of man as during World War II. Few laymen, 
even among those who participated in the war, ap¬ 
preciated the great importance of the fungi—as 
agents of destruction of essential materials, as causa¬ 
tive agents of human diseases, and as producers of 
drugs, such as penicillin, that could he utilized suc¬ 


cessfully for combating many of the diseases,caused 
by bacteria. Because of these important activities, 
the fungi tended to overshadow even the bacteria and 
other microbes, notably the protozoa and the viruses, 
in spite of the fact that these continued their impor¬ 
tant role in human economy, especially in the causa¬ 
tion of disease and epidemics. 

It is true that fungi have long been recognized as 
hiving great potentialities for destroying a great vari¬ 
ety of materials. This was appreciated particularly 
by the plant pathologist, who was continuously faced 
with the fact that fungi are/more concerned in the 
diseases of cultivated and wild plants and cause 
greater damage than all other organisms combined, 
with the possible exception of insects. The soil micro¬ 
biologist, too has long known that fungi are respon¬ 
sible for the major destruction of the plant and ani¬ 
mal residues in composts and in soil, and thus not 
only contribute to the removal of wastes, but also lead 
to the liberation in available form of the chemical 
elements essential for plant growth. And fungi are 
no strangers to the housewife, who in her attempt to 
preserve jams, jellies, bread, and other foodstuffs, is 
continuously faced with the problem of combating 
spoilage by a great variety of molds. The lover of 
mushrooms also appreciates the fungi, but as a friend 
rather than as an enemy. The great potentialities of 
fungi have also been recognized in certain other fields 
of human endeavor. It is sufficient to mention the 
manufacturer of foods, such as cheeses; of beverages, 
such as beer and distilled liquors; and of industrial 
products, such as citric acid, gluconic acid, funiaric 
acid, ethyl alcohol, and glycerol. 

As already mentioned, it was only during the last 
war that full recognition was given to the gTeat im¬ 
portance of fungi. With the concentration of large 
quantities of service materials in tropical and sub¬ 
tropical areas under the prevailing conditions of high 
humidity and high temperature, the damage potential 
of the fungi became apparent. Fungi attacked opti¬ 
cal and electrical equipment, clothing, tents, and other 
materials used by service personnel, and even infected 
the human body. Although the physiology of the 
fungi and methods of their control had received much 
consideration, especially by plant pathologists and 
soil microbiologists, discoveries in these fields did not 
lend themselves readily for application to the prob¬ 
lem at hand. Thus a rapid survey had to be made of 
the nature of the fungi causing the damage, the added 
role of bacteria, insects, mites, and other lower forms 
of life, the nature of the damage brought about, the 
nature of the fungistatic and fungicidal agents re¬ 
quired to protect different kinds of service materials, 
the methods for measuring the protection thus ren¬ 
dered, and a host of other problems. It was only 
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natural that all these problems, dealt with under pres¬ 
sure of wartime conditions, were studied largely from 
the point of view of immediate necessity and not 
from that of a fundamental science. Here was a bi¬ 
ological problem that should have been investigated 
in great detail, ho that information would have been 
ready for immediate use. It required the coordinated 
efforts of many investigators, and resulted in great 
accomplishments, none greater than the emphasis laid 
upon the importance of fungi in natural processes. 

Antibiotics were another wartime development. 
Just on the eve of World War II, I said in a public 
address: “We are finally approaching a new field of 
domestication of microorganisms for combating the 
microbial enemies of man and of his domesticated 
plunts and animals. Surely microbiology is entering 
a new phase of development. This new phase has now 
been called the subject of antibiotics.” 

Just what are antibiotics? This question was 
placed before me less than eight years ago, in 1941. 
The following definition is based upon my earlier 
designation of the term: “An antibiotic or an anti¬ 
biotic substance is a substance produced by microor¬ 
ganisms, which has the capacity of inhibiting the 
growth and even of destroying other microorganisms.” 
The action of an antibiotic against bacteria and other 
microorganisms, as distinct from common antiseptics 
and disinfectants, is selective in nature, since only 
some bacteria are affected by a given agent, and 
others not at all, or only to a limited extent. Anti¬ 
biotics vary greatly in their toxicity to animals and in 
their activity in vivo . Because of these character¬ 
istics, only a very few of the antibiotics so far iso¬ 
lated have received recognition as chemotherapeutic 
agents. 

I need hardly dwell upon the great progress made 
in the field of antibiotics during the last seven or 
eight years. Although the chemist feels somewhat 
slighted because the clinician is claiming most of the 
credit for developing this field, and although the phar¬ 
macologist and physiologist have made their impor¬ 
tant contributions, you will agree with me that it is 
the microbiologist who is entitled to the credit for 
having opened up this field of science and for contin¬ 
uing to make substantial contributions to its devel¬ 
opment. 

What has been said of the importance of fungi ap¬ 
plies to a greater extent, though in a somewhat differ¬ 
ent way, to the nctinomycetes. Here is a large and 
heterogeneous group of microorganisms which had 
aroused little interest on the part of the microbiolo¬ 
gists or any other group of investigators. An impor¬ 
tant plant disease or two, a rare and peculiar human 
or animal infection encountered at very infrequent 
intervals, abundant occurrence in the soil—this much 


was known about the aetinoraycetes—but nobody 
cared to waste much time in determining what these 
delicate, myceliurn-produoing, odoriferous, micro¬ 
scopic forms of life do either in the soil or in a 
manure pile. It is the field of antibiotics that has fo¬ 
cused attention upon the possibility of utilizing cer¬ 
tain hidden physiological properties of these organ¬ 
isms. When one realizes that twenty percent or more 
of all actinomycetes that are freshly isolated from 
natural substrates have been found capable of inhibit¬ 
ing the growth of bacteria or other microorganisms, 
one comes to appreciate their great potentialities in 
this respect. 

Thus our recently developed knowledge of vitamins 
and their role in human nutrition, of the utilization 
of penicillin, streptomycin, aureomycin, Chloromy¬ 
cetin, and other antibiotics in the control of disease, 
of the potential part that bacteria may play as agents 
of biological warfare, of the destruction of service 
materials under tropical conditions, of industrial fer¬ 
mentations, and of many other microbiological proc¬ 
esses has focused renewed attention upon the vast 
number of applications of microorganisms and their 
great importance to our economy, public health, and 
medicine. It Ls, therefore, essential to recognize these 
developments and to plan a comprehensive study of 
the fundamental aspects of the nature and activities 
of various groups of microorganisms, their role in nat¬ 
ural processes, and their use in agriculture, industry, 
public health, and other aspects of human economy. 

With this in view, an Institute of Microbiology is 
being established by Rutgers University. In this insti¬ 
tute particular attention will be devoted to the fun¬ 
damental aspects of the study of microorganisms, 
their physiology, their biochemical activities, and 
their relations to higher forms of life, notably to man 
and to his domesticated animals and plants. In other 
words, microbiology will be treated as a fundamental 
science. Certain of the practical or applied phases 
resulting from these studies will be carefully examined 
by other divisions of the institute. 

In planning the program of the Microbiological In¬ 
stitute, the broad field of microbiology is conceived 
as covering six of the major groups of microorgan¬ 
isms, namely bacteria, nctinomycetes, filamentous 
fungi or molds, yeasts, protozoa, and viruses. Minor 
consideration may also be given to other groups, such 
as the higher or mushroom fungi, the algae, certain 
worms, and other microscopic forms of life. 

The functions of the institute will comprise both 
research and teaching, largely on graduate student 
and poatdoctorate levels, the staff of the institute 
will offer courses in the various fields of microbiology 
to graduate students at Rutgers University and will 
conduct seminars for graduate and postdoctorate stu- 
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dent#. These courses will also include supervision of 
various research problems, in both the fundamental 
and the applied phases of the subject. The institute 
will serve as a gathering place for seminars and con¬ 
ferences on microbiological subjects. It will also 
serve as a depository of cultures of microorganisms 
of theoretical or practical importance. 

Although it is not intended to overorganize or de* 
partmentalize the Institute of Microbiology, it is 
tentatively proposed that it should include six major 
divisions or fields of research: 

I. General Microbiology . This division will be 
concerned with the study of the structure and func¬ 
tions of microorganisms. Particular attention will be 
paid to morphology, cytology, genetic characteristics, 
taxonomic relationships, and ecology. 

II. Microbial Physiology. This division will be 
concerned with the study of the physiology of differ¬ 
ent groups of microorganisms, their nutrition, inter¬ 
mediary metabolism, and other biochemical properties. 
Its program will include studies of the physiology 
of certain representative types of organisms found 
among the pathogenic and saprophytic bacteria, fungi, 
actinomycetes, viruses, and others. 

III. Antibiotics of Microorganisms. This division 
will be concerned with the study of the fonnation of 
antibiotics by microorganisms, their isolation and pu¬ 
rification, their chemical composition, their mode of 
action upon bacteria and other microorganisms, and 
their utilization for disease control. Particular at¬ 
tention will be paid to the isolation of antibiotics ac¬ 
tive against Mycobacterium tuberculosiSy against vi¬ 
ruses, and possibly against tumor cells also. 

IV. Vitamins and Enzymes . This division will 
be concerned primarily with the study of the role of 
vitamins and enzymes in the nutrition of microorgan¬ 


isms, their production under different conditions of 
growth, and their utilization. m 

V. Ecology of Microorganisms. This division Will 
be concerned with the occurrence, activities, impor¬ 
tance, and control of microorganisms in soils, com¬ 
posts and water basins, in various agricultural prod¬ 
ucts, and in foodstuffs. 

VI. Applied Microbiology. This division will deal 
primarily with the application of microorganisms. 
Problems given consideration here will be largely of 
a practical nature. It is sufficient to mention such 
fields ns the microbiology of foodstuffs, microbiology 
of soils and manures, microbial fermentations, causa¬ 
tion of spoilage and methods of control, antiseptics 
and disinfectants, and finally—and not least impor¬ 
tant—the relations and interrelations of microorgan¬ 
isms in human, animal, and plant diseases. 

Although the highly important fields of medicine, 
veterinary science, and various concomitant branches, 
such as immunology and disease control, will be 
avoided in principle, certain aspects will be consid¬ 
ered in connection with some of the work proposed 
for the institute whenever the problems under con¬ 
sideration necessitate the study of disease-producing 
organisms, their physiology, and methods of control. 
This may involve collaboration with pharmacologists 
and medical investigators in industrial laboratories 
and in medical institutes. 

Surely microbiology may be said to have come of 
age. Surely the establishment of an institute which is 
to be devoted to the task of training advanced stu¬ 
dents in the field of microbiology and to planning a 
program of research in the fundamentals of microbi¬ 
ology needs no apology. It is a great field, rich in 
scientific potential and in practical applications. The 
future for this field is bright indeed. 


Based on an address delivered May 3, before representatives of 
the press and radio , on the organization of the Institute of Micro¬ 
biology at Rutgers University } the State. University of New Jersey. 
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by Cellular Nucleic Acids 
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E FFORTS TO EXTEND the field of quantita¬ 
tive biochemistry to the level of the single cell 
have been based Largely on absorption spectro- 
photometry. ThiB method has suggested a means of 
determining intracellular concentrations of specific 
substances by virtue of the proportional relation¬ 
ship between the number of molecules in the light 
path and the extinction at the wavelength character¬ 
istically absorbed by the compound in question. 
(K ~ log / (> // = e erf). 1 This relationship, the Beer- 
Lamhert law, usually holds for the absorption of light 
by gases and solutions, and—for the purpose of 
determining intracellular concentrations—is assumed 
to be true for the physical states encountered in liv¬ 
ing and dead cells (8, 17, 18, 32, 33). Conclusions 
based on this assumption have led to the development 
of a number of theories concerning the biochemistry 
of the nucleus, nucleic acid metabolism, protein syn¬ 
thesis, and metabolism of tumor cells (8). 

However, it has been recently suggested (12) that 
the umount of light specifically absorbed by the sub¬ 
stance under study may vary considerably with the 
degree of orientation imposed on the material, ft 
was shown that when the following two conditions 
exist together, materials will fail to absorb more than 
one-half the incident light and thereby depart widely 
from the Beer-Lambert law: (a) the molecules absorb 
light by virtue of a distinctive electronic axis (i.e., 
one occupying a unique position in the structure of 
the molecule) and (b) the molecules exist in an 
oriented aggregate. 

Most intracellular extinction measurements have 
been intended as determinations of intracellular 
nucleic acid content, and these data have figured 
largely in the development of the theories cited above. 
It would seem important, therefore, to determine to 
what degree the two conditions required for anoma¬ 
lous absorption apply to the nucleic acids occurring 
in cellular structures* As will be shown below, such 
an analysis suggests that the extinctions of intra¬ 
cellular objects at 260 mji do not necessarily reflect 

&»extinction, ^Intensity of Incident light beam, 

intensity of transmitted beam, o * concentration of ab- 
sbebln# material In mole*/Iiter, dm thickness of the sample 
In epi, and e * molar extinction coefficient. 


their uctual nucleic acid content, and that consider¬ 
able caution must be used in interpreting such data. 

Optical properties of nucleic acids. 

The characteristic ultraviolet absorption of the 
nucleic acids is a property of their constituent purine 
and pyrimidine bases. According to the theory of 
color developed by Lewis and Calvin (21), the ab¬ 
sorption of light is due to specific electronic oscilla¬ 
tions within the structure of a molecule. Hence, for 
planar molecules such as the purines and pyrimidines, 
these oscillations can be resolved into lines in this 
plane. 2 As shown by Lewis and Calvin and by Fer¬ 
guson (!•?), molecules which are nonsymmetrical with 
respect to the position of the groups responsible for 
their color have two fundamental electronic axes, both 
lying in the plane of the molecule. These axes are 
characterised by different wavelengths, the oscillation 
of lower energy representing the absorption maximum 
at the longer wavelength. 

In some cases Lewis and his collaborators (see ref¬ 
erence 12 for references) have localised these axes 
with respect to the dimensions of the molecule by 
determining the effect of the plane of polarization 
of the incident light on the extinctions yielded by 
molecules in rigid media. They have shown for such 
cases that the extinctions at the two characteristic 
wavelengths reach maxima at planes of polarization 
which are at 90 degrees to each other. 

Unfortunately, comparable data for the nitrogen 
bases are lacking, and in discussing them one is forced 
to deal with assumptions based on analogy with the 
molecules studied by Lewis et al. The lack of sym¬ 
metry of the nitrogen bases suggests that they possess 
two distinctive absorption axes lying in the plane of 
the molecule. Except for guanine, these substances 
yield a single maximum in the ultraviolet (see Hotch¬ 
kiss, 16) at 260-265 mu in neutral solution. This 
maximum must represent either (a) the absorption 

1 Such molecule* may have a third axle representing 
electronic oscillation*! perpendicular to the plane of the 
molecule. The energy level of such oaclUntiouB is so high 
that this axis is characterised by light absorption at wave¬ 
lengths too short to fall within the range involved in ordi¬ 
nary spectrophotometry ot solutions. This type of absorp¬ 
tion will therefore not be considered. 
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due to one of the two distinctive axes; or (b) ab¬ 
sorption due to both axes. 

If the first assumption is the correct one, the max¬ 
imum at 260-265 rug. must represent one of the axes, 
and the second axis must account for an absorption 
maximum at a significantly shorter wavelength. The 
second maximum would pi’obably lie in the range 
below 220 mu and therefore be undetectable by spec¬ 
trophotometry of solutions. If alternative (b) is the 
correct one, the axes must be characterized by nearly 
identical wavelengths. In the absence of critical data, 
it is of course impossible to choose between these 
alternatives, but on the basis of what is known about 
the optical properties of nonsyrametrical molecules, 
the second alternative seems the less likely one. 
Hence for the purposes of this discussion we shall 
assume that the absorption of the nitrogen bases 
(other than guanine) at 260-265 mu is due to a dis¬ 
tinctive electronic axis which lies in a unique position 
with respect to the dimensions of the molecule. If 
this assumption is incorrect, the analysis which fol¬ 
lows i« altered in certain details, which will be noted 
below. 

The structure of nucleic acids has been discussed 
by Astbury (i) who concludes that the constituent 
nucleosides are arranged in a parallel stack, so that 
the entire molecule has the configuration of a roll 
of coins (where each coin is a nucleoside). He also 
suggests that each nucleoside is probably oriented in 
the same way with respect to the long axis of the 
molecule, thereby placing the rings of the nitrogen 
bases in complete alignment along the length of the 
molecule. 

It follows, therefore, that the absorption axes of 
the nitrogen bases which account for the extinction 
of nucleic acids at 260 mu mast be rigidly oriented 
throughout the entire polynucleotide. Although the 
available data are insufficient to describe completely 
their position with respect to the dimensions of the 
nucleic acid molecule, these axes must lie in planes 
perpendicular to the long axis of the molecule. This 
is in accord with Schmidt's observation (27) that the 
birefringence of tbymonucleato fibers is negative with 
respect to the long axis of the fiber, and the finding 
of Signer, Caspersson, and Haramersten (56) that 
flow birefringence is negative to the direction of f}ow, 
It also agrees with Caspersson’s observation (7) that 
for maximum absorption at 257 mu by partially 
oriented films of thymonucleic acid, light must be 
polarized in a plane perpendicular to the long molec¬ 
ular axis. 

Similar results have been obtained by Butenandt 
et at (3), who studied the absorption spectrum of 
flowing solutions of tobacco mosaic virus with plane 


polarized light. They found that the extinction at 
260 mji was at a maximum when the light was polar¬ 
ized in a plane perpendicular to the direction of flow 
(and therefore a I ho perpendicular to the long dimen - 



CASE I CASE U CASE II 


Fig. 1A. The effect of orientation of nucleic ncld on the 
absorption of unpolarized light. The nucleic ncld molecule 
is represented up nn elongated oblong primii (only part la 
shown) whose BmalleHt face 1« parallel to the planca occupied 
by the nitrogen bases. In Casea I and II light of all electric 
vectors is equally transmitted ; in Cane 111 only light with 
a vector perpendicular to the long axis of the molecule 
transmitted. Since this represents 50% of the Incident 
light, Case HI gives a maximum extinction of O.8. The 
dimensions of the molecule are arbitrary. 

sion of the molecules oriented by flow), and eon eluded 
that the absorbing groups must occupy planes per¬ 
pendicular to the long axis of the virus nucleic acid 
(which parallels the long axis of the virus particle 
itself). 

This visualization of the optical structure of nu¬ 
cleic acid molecules makes possible consideration of 
the effect of molecular orientation on the extinctions 
yielded at 260 mu. Since the preponderance of the 
constituent nitrogen bases (i.e., except guanine) prob¬ 
ably contribute to the absorption by virtue of a dis¬ 
tinctive electronic axis, and appear to be rigidly 
ordered along the length of the polynucleotide, the 
orientation of these axes is determined by the position 
of the molecule itself. 

Hence we may consider the three cases of orienta¬ 
tion of optical axes discussed in reference (12) in 
terms of the possible types of orientation of the nucleie 
acid molecule proper. These are diagramed in Fig. 
1 A. In Case I, the molecules, and the axes responsible 
for the absorption at 260 nm, are randomly distrib¬ 
uted in space. The relation between the number of 
molecules scanned (17) and the extinction (E) at 
260 mp is therefore a straight line, and the Beer- 
Lambert law is obeyed. In Case II the orientation is 
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at random within a series of parallel planes. The 
relation between E and N is again linear, but not 
identical with that of Case I. In Case III the mole¬ 
cules, and therefore the absorption axes, are oom- 


Y 



Fto. IB. The absorption of unpolarized light Impinging 
oo an oriented aggregate of nucleic add molecules from 
various directions. The nitrogen bases ore represented as 
planes parallel to the front (smallest) face of the molecule; 
the dotted arrows In these planes represent the position of 
the distinctive electronic axis responsible for the absorption 
at 260 mg. The dimensions of the molecule are arbitrary. 

pletoly oriented in three dimensions. Consequently, 
the relation of E to N is nonlinear above very low 
E values, and the system departs radically from the 
Beer-Larabert law. In this type of orientation, the 
fraction of incident light absorbed cannot rise above 
1/2 and E cannot exceed 0.3. As a result, E be¬ 
comes independent of the number of molecules scanned 
as N increases. 

This description pertains to the situation in which 
the nucleic acid molecules are oriented with their 
long dimension perpendicular to the direction of the 
incident light beam, Since this relationship may not 
always be true of cytologieal preparations, the prop¬ 
erties of oriented aggregates viewed from all possible 
directions need to be considered. 

Pig. IB describes the optical properties of a fully 
oriented nucleic acid aggregate when the incident light 
beam impinges on it from various directions. As 
shown in Pig, 1A, when the incident beam is per¬ 
pendicular to the long dimension of the molecule and 
also to the distinctive absorption axes of the nitrogen 
bases (i,e,, the beam parallels the Y axis), only light 
with an electric vector parallel to the planes of the 
nitrogen bases can be absorbed. Thus, the emergent 
beam is plane polarised and necessarily represents a 
minimum of 1/2 the energy of the incident beam. 
The limit of E is therefore 0.3, regardless of the 
number of molecules in the path of the beam. 


The same effect occurs when the incident beam is 
propagated along the Z axis (parallel to the long 
dimension of the molecule), for here, too, the beam is 
perpendicular to the absorption axes. Thus, if the 
aggregate is examined from the direction of the 
Y axis, or the Z axis, or from any intermediate di¬ 
rection, the absorption effects typical of Case III 
occur. 

When the incident beam is parallel to the X axis, 
and is therefore also purallel to the absorption axes 
of the nitrogen bases, the probability that any photon 
will be absorbed is zero, and the molecule is trans¬ 
parent (at 200 mu) from this direction. Consequently 
E is zero for all N values. For beams impinging 
from directions between the X and Y axes, and be¬ 
tween the X and Z axes, the relation between E and 
I ho number of molecules will be as follows: E cannot 
rise above 0.3, but (with increasing values of N) will 
approach this limit more slowly that it does when the 
beam is on the Y or Z axis. 

Thus, if (as assumed) the absorption at 260 mp by 
an oriented nucleic acid aggregate is determined by 
u distinctive absorption axis, extinctions greater than 
0.3 cannot occur, regardless of the direction from 
which the aggregate is examined. Differences in the 
direction of the impinging beam only affect the rate 
nt which this limit is approached with an increase in 
the number of molecules in the beam’s path. This 
suggests that cytologieal preparations which contain 
oriented aggregates of nucleic acid may yield extinc¬ 
tion values which do not follow the Beer-Lambert law 
and therefore are not necessarily proportional to the 
number of molecules scanned. 3 

The orientation of nucleic acids in ceU structures. 

While there is considerable information on the 
orientation of molecular aggregates in cellular struc¬ 
tures, decisive data on the orientation of nucleic acids 
proper are rather sparse and contradictory. Most of 
the evidence is summarized in the exhaustive reviews 
of Schmidt (27), Frey-Wyssling (14), Schmitt (2S), 
and Monne (22), and unless otherwise indicated, ref- 

8 If the nucleic acid.absorption at 200 mg Is not da* to a 
distinctive electronic axis, these relationships are altered as 
follows: (1) Case I and Case II yield identical straight 
lines. (2) In Case Ill, the limit of K is 0.3 when the in¬ 
cident beam parallels the Y axis or the X axis or any direc¬ 
tion between these two. When the beam impinges along the 
Z axis, the relation of B to y Is linear and the Beer-I*ambert 
law Is obeyed. For positions between the X and Z axes, and 
the Y and Z axes, the relation of K to K Is not linear, but 
approaches the extreme (in which the limit of S3 Is 0.3) as 
the X and Y axes are approached. Thus, even if it Is not 
assumed that the nucleic acids are characterized by a dis¬ 
tinct! vs absorption axis at 200 ins, oriented aggregates will 
not follow the Beer-Lnmbert law except In the rare ease 
when the molecules are examined from a direction exactly 
parallel to their long dimension. 
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ereaces relative to the discussion which follows may 
be found in these sources. 

That preparations of extracted nucleic acids may 
form fully oriented aggregates is evident from Cas- 
persson’s observations (7) of dichroiam in thy mo- 
nucleate gels. Such aggregates are also bi r ef r ingen t, 
the sign of this effect being negative with respect to 
the long axis of the aggregated molecules. This pro¬ 
vides a method of distinguishing birefringence due to 
nucleic acids from that due to aggregates of parallel 
protein chains, for the sign of the latter is positive 
with respect to the long axis. 

Practically all eytological structures may be bire- 
fringent under the proper conditions. The effect is 
frequently due to parallel orientation of protein fibers 
with their long axes perpendicular to the light beam, 
This orientation appears to persist in structures such 
as muscle fibers, chromosomes (in condensed stages), 
myofibrils, and cilia. In undifferentiated living cyto¬ 
plasm birefringence is common but highly variable 
in degree, and may be elicited by dehydration, me¬ 
chanical stress, and chemical treatment. Here, too, 
protein fibers seem to be frequently responsible for 
the optical property. 

On purely theoretical grounds, these results suggest 
that the nucleic acids in cell structures may exist as 
aggregates so oriented as to elicit the absorption 
anomalies, Astbury and Bell (2) have shown that 
the internucleotide spacing of the nucleic acid mole¬ 
cule is practically identical with the spacing of side- 
chains along the protein polypeptide skeleton. This 
suggests that the nucleoprotein complex probably in¬ 
volves a side-by-side binding of the thread-like protein 
molecules with the equally elongated nucleic acids. 
This would mean that in any structure containing 
nucleic acids these would be oriented in the same way 
and to the same degree ns the proteins with which 
they are combined. This occurs in tobacco mosaic 
virus (5). 

Direct evidence on this possibility is difficult to 
obtain from measurements of birefringence. In a 
few cases, such as sperm heads, the nucleic acid con¬ 
tent is sufficiently great to give the entire structure 
negative birefringence, indicating that the nucleic acid 
is in an oriented state. In most structures, however, 
the nucleic adds are present in small concentrations 
in comparison with protein. The negative birefring- 
,ence caused by the nucleic acids thus cannot counter¬ 
act the large opposite effect due to the protein present. 
As Caspersson (7) has pointed out, the birefringence 
expected from the usual concentrations of nucleic add 
lies dose to the limits of the method. Hence, the 
failure to detect negative birefringence, where the 
proteins are themselves oriented, cannot be taken as 
evidence that the nucleic adds are not oriented. 


It is not surprising, then, that the only unequivocal 
evidence for orientation of nucleic acids comes from 
studies of sperm heads. Schmidt (27) detected a 
strong negative birefringence in this case, and con¬ 
cluded that the nucleic acid molecules were oriented 



Pio. 2. The relation between extinction at 207 mp, and 
the thickness of nuclei of epennntocytCH of Gomphocervt. 
Data taken from Table 1 of reference 6. Triangles rep¬ 
resent nuclei in early leptotene ; open circles—late leptotene ; 
plus sign—nynlaesls ; closed circles—pachytene; squares— 
dlplotene. 

in lines parallel to the long axes of the protein fibers. 
This was confirmed by Caspersson's observation of 
dichroiam at 257 mu in the sperm bundles of a 
locust (7). 

The evidence for the orientation of nucleic acid in 
chromosomes is contradictory. Schmidt (27) found 
that the chromoraere discs of salivary gland chromo¬ 
somes have a weak negative birefringence, and con¬ 
cluded that the nucleic acid was oriented as in sperm 
heads. However, Frey-Wyssling (14) concludes from 
quantitative determinations of the optical properties 
of the ehromomeres that only a small percent of the 
nucleic acid molecules are oriented. Furthermore, 
Caspersson (7) failed to find the dichroism at 257 
mji expected from Schmidt's conclusions. Caspersson 
suggests that the insect salivary gland chromosome 
is not of typical composition, and he does not con¬ 
sider these data sufficient to rule out the probability 
that nucleic acids are oriented in most chromosomes. 
Negative birefringence has been demonstrated in 
chromosomes of a number of animal and plant eells, 
as well as in “resting” nuclei. This property is vari¬ 
able in degree, and marked changes (including 
changes in sign) may result from environmental 
effects and fixation procedures. 

Extinctions yielded by cellular nucleic acids. 

Since both conditions required for the appearance 
of nonlinear relations between E and N (i.e., ab¬ 
sorption due to a distinctive axis, and orientation) 
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may apply to the intracellular nucleic acids, it is of 
interest to examine the data obtained from such ob¬ 
jects for evidence of this anomaly. 

Demonstrations that intracellular extinctions at 
257-260 mu do indeed follow the Beer-Lambert law 




Fifl. 8. The effect of orientation on the distribution fre¬ 
quency of extinction values. Fig. 3A 1b an arbitrarily 
drawn normal distribution curve for the actual number of 
nucleic acid molecules In n significantly large population of 
similar cellular structures. Fig. 8B shows the distribution 
curves for the extinction values calculated from the relative 
number of molecules according to the E vs. N equation for 
unorlented material (solid line) and oriented material 
(broken line). Fig. 8C is the distribution curve expected 
from a population containing equal numbers of oriented and 
unorlented objects. 


would dismiss the possibility that the orientation effect 
is of any consequence. As far as the writer is aware, 
there are only two published descriptions of a direct 
test of this relationship in cells, and neither involves 
naturally-occurring solid structures. Pollister and Ris 
(25) have shown that the extinction yielded by the 
colored substance produced in the Millon test for 
proteins is directly proportional to the thickness of 
the test section. Since the structure of the compound 
is unknown, it jg impossible to say whether it is suf¬ 
ficiently nonsytometrical to produce the orientation 
effect. There is no evidence that the colored sub¬ 
stance becomes oriented by whatever structural organi¬ 
sation exists in the proteins tested. Commoner (11) 
found that the extinction due to anthocyanins and 
fiavones dissolved in intracellular fluid vacuoles is pro¬ 
portional tb the vacuole thickness. In this case, the 


orientation effect is not expected, since the absorbing 
substance is in solution and therefore completely 
unoriented. It should be noted that both of these 
studies test only Lambert’s law (linear relation be¬ 
tween E and sample thickness). The relation of E 
to the number of molecules per unit sample thickness 
was not determined. 

One of Caspersson’s papers (5) does include a table 
relating E at 257 nu* to the thickness of nuclei of 
Gomphocerus spermatocytes in various stages of pro- 
phase. These data have been plotted in Fig. 2, and 
strikingly fail to follow the Beer-Lambert laws. In¬ 
deed, the extinction appears to be inversely propor¬ 
tional to the sample thickness. 

In the absence of experimental demonstration that 
the extinction resulting from the nucleic acids of cell 
structures is actually proportional to the number of 
molecules scanned, the validity of interpreting such 
measurements according to the Beer-Ljunbert law re¬ 
mains an open question. From certain of the extinc¬ 
tion data in the literature, it is possible, however, to 
obtain an indirect test of the linearity of the E to N 
relationship. Although this method cannot be ap¬ 
plied to all the available extinction data, the results 
obtained from those cases susceptible to this type of 
analysis suggest that the orientation effect may play 
an important role in determining intracellular extinc¬ 
tions due to nucleic acids. 

This analysis is derived from a consideration of the 
curve relating E to N for the case of fully oriented 
nucleic acid molecules. (See Fig. 1 of paper 12 , page 
43.) This curve shows that all oriented objects con¬ 
taining more than a relatively small number of 
nucleic acid molecules yield the value F = 0.3. Since 
all such objects give the same E value, regardless of 
nucleic acid content, it is to be expected that the fre¬ 
quency distribution of E values for a significantly 
lai’ge group of structures containing nucleic acid will 
be distorted by this phenomenon. 

This is illustrated in Fig. 3. Assume that in any 
large population of cytoiogical structures, the actual 
nucleic acid content (27) of each object in the group 
follows some normal Gaussian distribution curve. 
An example of such a curve, arbitrarily drawn, is 
shown in Fig. 3A, Now if this population of objects 
is examined spectrophotomotrically, the E values ob¬ 
tained will yield a frequency curve the shape of which 
depends on whether or not the objects contain oriented 
material If all objects in the population are un¬ 
oriented, E is proportional to N for all values of N. 
Curve 1 of Fig. 3B is the frequency distribution of 
the E values calculated from the population shown 
in Fig. 3A, according to this proportionality* 

On the other hand, if the whole population is com- 
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posed of fully oriented structures, E is proportional 
not to N but to the expression 0.3-log 10 (e~ aN +1), 4 If 
E values are calculated from the N values of curve 
3A according to this relationship, and plotted against 
the corresponding frequency, the distribution curve 2 
of Fig. 3B is obtained. It is impossible for such a 
population to yield any E values above 0.3. If th^ 
population contains equal proportions of unoriented 
and fully oriented structures, the distribution curve 
shown in Fig. 3C will result (obtained by adding 
curves 1 and 2). 

Fig. 3C shows that if a significant fraction of a 
population of cytological elements contains fully 
oriented nucleic acid molecules, a rather unusual type 
of frequency curve will be found for the E values 
obtained. There will be a tendency for the values 
between E = 0.2 and E = 0.3 to predominate, and the 
frequency of observations will drop sharply as E rises 
above 0.3. At higher E values a secondary maximum 
may appear. If the proportion of oriented objects 
is very low, this second maximum may be the domi¬ 
nant one, but in any case the curve shows an unusual 
number of values between 0.2 and 0.3, with a sharp 
drop just above this range. 

This general relationship will not be altered by dif¬ 
ferences in the direction from which a cytological 
structure is viewed, for as shown above, the value of 
E = 0.3 is limiting, regardless of the direction of the 
incident beam. If the assumption made previously, 
that the absorption at 260 mp, is due to a distinctive 
axis, is not true, then the relative frequency with 
which values around 0.3 would occur would be re¬ 
duced. However, values in the range F = 0.2~0.3 
would still occur with an unusual frequency, and the 
qualitative effect on the distribution frequency will 
not be altered. 

This type of analysis can be applied to extinctions 
obtained from cell structures if the following condi¬ 
tions are met : (1) The data must comprise a signifi¬ 
cantly large series of extinction measurements made 
on similar structures, and (2) the size of the field 
scanned must be so small as to cover a homogeneous 
area within the structure (if the field is laTge, dif¬ 
ferences in the spatial organization of various areas 
included in it may obscure the orientation effect). If 
such data yield frequency distributions (Le.,- of E 
values) which are distorted by a predominance of 
values in the range £ = 0.2-<h3, it is suggested that 
the group of structures examined contain a significant 
number of objects with oriented nucleic acid. The E 
values obtained in these sets of data are therefore 
not necessarily proportional to nucleic acid content. 

The method is applicable to the following published 

*4* absorption coefficient per molecule. 


studies on extinctions due to cellular nucleic acids, all 
of which are based on scanning areas of the •order 
of 1 square micron and include at least 29 measure¬ 
ments on similar material: Thorell (3-8), 132 E values 
for erythroblasts; Thorell, Bing, and Fagraeus (33), 
117 E values for plasmacytes; Hydfcn and Hartelius 
(IS), 30 E values for normal rabbit neurones, and 28 
^values for neurones of animals treated with malono- 
nitrile; Hydfcn (17), 46 E values for rabbit neurones; 
Caspersson and Santesson (0), 30 E values for vari¬ 
ous tumor cells; Casperssop (6), 29 E values for 

tablk l 


Soukck of Data Pj.ottkd in Fine. 4 and 0 


Reference 

, Thick - 

Type of 

„ UOH8 

cell . 

hi a 

Condi¬ 

tion 

No. of extinction 
values ut 
267-260 mn 

i , 

s *5 g 
£ S 2 

Thorell (32) 

Babbit cry thro- 

living & 



Thorell, Bing, 

blasts 10-10 

Rabbit 

fixed 

14:t 

8 

151 

mid Fragfleus 
fSJ) 

Hydon (r 7) 

plasinacyten 10-10 

Babbit 

living 

117 

O 

117 

Uydta and 
Hnrtellns f/fl) 

neurones 5 

Rabbit neu¬ 
rones—nor¬ 
mal and 
inalononltrile- 

fixed 

28 

26 

63 

CospersHon (6) 

treated 6-10 

Insect sali¬ 
vary gland 

fixed 

68 

0 

58 


cells 2-3 

fixed 

0 

29* 

29 

Ccispergiion mid 
Kantessou (if) 

TumoT cells 6 

fixed 

22 

8 

:iO 


* Includes 16 readings on chromosome structures, 3 on nu¬ 
clear sup, 10 on nucleoli. 


various regions of nuclei and chromosomes. 5 Details 
concerning the conditions of these measurements are 
given in Table 1. 

The frequency distributions obtained from the data 
presented in each of these studies are shown in Figs. 
4 and 5. The extinction values were taken from 
tables published in these studies, or read off the pub¬ 
lished absorption spectra. The tabular values are for 
extinctions at 257 mg; the other values are for 260 
mg, at which the absorption spectra usually indicate 
a measured point. 

Of the seven sets of measurements, three (Figs, 4B, 
4C, and 5, solid curve) yield distribution curves which 
show definite maxima at E = 0.2-0.3, One curve (Fig. 
4D) which shows a maximum at this range is not sig- 

* Consideration of a significantly large set of measurements 
of neurones by derail and Bodlan (ffl) has been excluded 
because the scanning area used was so large as to include a 
heterogeneous section of the cell. 
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niflcant in itself because of the smallness of the popu¬ 
lation, but is presented for the sake of completeness. 
Two sets of data (Figs. 4A and 5, broken curve) show 
maxima at E values significantly greater than 0.3. 
The set of data on nuclear structures (Fig. 4E), 
while too small to be statistically significant, shows a 
tendency for E values less than 0.3 to predominate. 

The occurrence of several sets of measurements 
with well-defined maxima at 0.3 suggest that the orien¬ 
tation effect has probably influenced the values ob¬ 
tained. It is, of course, possible that these maxima 
reflect actual nucleic acid contents (unoriented) which 
correspond to the extihetion of 0.3, and that the occur¬ 
rence of this particular number of nucleic acid mole¬ 
cules in the cytoplasm of erythroblastB varying in 
thickness from 10-16 n, in sections of neurones 6-10 m- 
thick, and in 5 -m* sections of various tumor cells is 
purely fortuitous. 

Detailed analysis of these data suggest that the 
latter explanation is not admissible, and that the 
maxima shown in all the distribution curves can be 
more reasonably accounted for by the orientation 
effect than by actual differences in the nucleic acid 
content of the objects studied. 

In the first place, it is necessary to consider the 
thickness of the materials studied. If the Beer-Lam- 
bert law is followed, the modal extinctions would be 
expected to increase with increasing thickness, unless 
differences in nucleic acid content just happened to 
cancel out this effect. Actually, as can be seen from 
Table 1, the vulue E = 0.3 tends to be limiting despite 
rather large variations in thickness of the materials 
studied. The four sets of data yielding maxima at 
0.3 were obtained from material 6 p, 5 p, 5-10 p, and 
10-18 p respectively. The measurements made on the 
thinnest sections (nuclear structures of 2 p thickness) 
give the only modal E value which is less than 0.3. 
These observations eonform with the relationships ex¬ 
pected from the orientation effect. In oriented mate¬ 
rial E can vary with N only when the number of 
molecules contained in the objeet is so low as to give 
extinctions less than about 0.3; with increasing values 
of N (e.g., due to increasing thickness of samples) E 
remains at the limit of 0.3 imposed by the orientation 
phenomenon. 

Consideration of the measurements made on plasma 
cells, which show a modal E value of 0,5, provides 
further evidence on the orientation effect, and sug¬ 
gests that the optical properties of the nucleic acids 
in undifferentiated cytoplasm are largely dependent 
on whether or not the cell studied is living or dead. 

The plasmaeytes (Fig. 4A) represent the only 
group of material comprised of cells which were ap- 
Pwatly alive at the time of measurement. The cells 
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Fio. 4. Distribution frequencies for the extinctions at 
257-260 mu given by various cytologlcnl structures. Bee 
Table 1 for details of the conditions for measurements. A — 
Living rabbit plasmaeytes (data taken from reference M) : 
B—an apparently mixed population of living and dead rab¬ 
bit erythroblasts (data taken from reference 3£) ; C_rab¬ 

bit neurones, fixed (data taken from reference /7) ; D— 
various tumor cells, fixed (data taken from reference 9) ; 
E—various nuclear structures, fixed (data taken from refer¬ 
ence 6). 



Fro. 8. Distribution frequencies for the extinctions at 
257-200 mp, given by neurones from normal rabbits (solid 
line) and rabbits treated with molononitrlle (broken line). 
(Data taken from reference 18.) Bee Table 1 for further 
details. 
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used were taken from rabbit blood and mounted in 
saline, and it is common experience that such cells 
readily survive in this medium. Furthermore, the 
authors indicate that special care was taken to avoid 
the killing effect of long exposures to ultraviolet light 
during the measurements. 

The distribution yielded by these surviving cells is 
a relatively simple curve with a Binglc peak at about 
0.5. Since this value is greater than 0.3, and since the 
predominance of values in the range of 0.2 to 0.3 ex¬ 
pected from the orientation effect is lacking, these 
data suggest that the cytoplasmic nucleic acids of liv¬ 
ing plasma cells are largely unoriented. 

The significance of this observation is amplified by 
the comparison between the ultraviolet absorption of 
living and dead cells reported by Larionov and Brum- 
berg (20). Using a new reflecting objective which 
made it possible to focus with visible light, these 
workers avoided the ultraviolet damage incident to 
most measurements made with conventional ultraviolet 
objectives. They found that the cytoplasm of living 
fibroblasts shows a relatively high absorption at 200 
mu, but that it drops sharply when the cells are 
killed by exposure to ultraviolet light, or by other 
means. The absorption of living nuclei, however, 
was low and increased significantly when the cell 
died. They suggest that the low abaorption usually 
reported for cytoplasm stems from the fact that 
most measurements have been made on cells killed by 
fixation or by exposure to ultraviolet light during the 
experiment. 

These results have been confirmed by Ris and 
Mireky (26), who found that photographs of living 
chick fibroblasts taken at 2537 A showed strong ab¬ 
sorption in the cytoplasm, which decreased markedly 
when the same cells were killed by exposure to ultra¬ 
violet light. These authors suggest that the loss of 
ultraviolet absorption on death is a result of “ribose- 
nucleic aeid leaking out of the disintegrating cell.” 
This explanation seems doubtful, however, for the 
very large nucleic acid molecules would diffuse slowly, 
and as pointed out both by Larionov and Brumberg 
and by Ris and Mirsky, a corresponding loss of nucleic 
acid from dead nuclei does not occur. 

On the basis of the orientation phenomenon an al¬ 
ternative explanation can be offered for this effect— 
namely, that the loss in absorption at 200 mu rosults 
from the orientation of cytoplasmic nucleic acids 
which oceurs at death of the cell. This would cause 
the extinctions to fall to the limit of 0.3 despite the 
fact that the cytoplasm might contain sufficient nucleic 
aeid to give higher extinctions in the unoriented state. 
This view is supported by observations ( 27 ) that 
sharp increases in the birefringence of cytoplasm may 
be induced by fixing agents. 


The bimodality of the distribution curve fox; eryfch- 
roblasts (Fig. 4B) may be explained similarly. The 
predominance of values in the range 0.2 to 0.3 Sug¬ 
gests that a large fraction of the measured cells con¬ 
tained oriented cytoplasmic nucleic acids. But the 
appearance of the secondary maximum at 0.5 would 
indicate that at least some of the cells contained un¬ 
oriented cytoplasmic nucleic acids. It would be ex¬ 
pected, therefore, that the population of erythroblasts 
consisted of a mixture of living and dead cells at the 
time of measurement (cf. Fig. 3C). * 

The nature and treatment oft the erythroblasts is in 
accord with this expectation. Thorell reports that the 
erythroblasts were obtained from living bone marrow, 
teased out in saline, and mounted on slides under 
cover glasses sealed with vaseline to prevent drying. 
Although care was taken to avoid killing by undue 
exposure to ultraviolet light, the survival time of 
teased-out bone marrow cells in a thin sealed film is 
probably limited; and one would anticipate that some 
fraction of the cells were dead when measured. Fur¬ 
thermore, some of ThorelTs preparations were treated 
with lanthanum acetate to precipitate the nucleic acids 
and provide a “more stable preparation” (page 40, 
reference 32). Since such cells were dead, this treat¬ 
ment apparently contributed to the si ze of the non¬ 
living fraction of the population. The biinodal char¬ 
acter of the frequency distribution given by the 
erythroblasts may therefore reflect the fact that some 
of the cells measured were living (unoriented cyto¬ 
plasmic nucleic acids, modal 25 = 0.5) and others dead 
toriented cytoplasmic nucleic acids, modal 25 = 0,3). 

The data are thus consistent with the idea that the 
nucleic acids in the undifferentiated cytoplasm of liv¬ 
ing erythroblasts and plasmocytes are unoriented, 
therefore yielding extinction values which are rela¬ 
tively high and probably proportional to the actual 
nucleic acid content. On the other hand, the cyto¬ 
plasmic nucleic acids of dead cells tend to become ori¬ 
ented, thus yielding extinction values which fail to 
exceed 0.3 and so are independent of nucleio acid 
contents which would, if unoriented, give higher 25 
values. 

It is possible that the changes in the ultraviolet ab¬ 
sorption of nuclei on death which have been noted ( 20 , 
24, 26) may be due to similar variations in the degree 
of orientation imposed on the nucleic acids. How¬ 
ever, the available data are too incomplete to pro¬ 
vide an adequate basis for an analysis similar to the 
one outlined, and the question must remain open at 
present. 

The increase in extinction at 200 mu of neurones 
from rabbits treated with malononitrile (Fig, 6) is 
interpreted by Hy&n and Hartellus (13) as repre¬ 
senting a proportional rise in the nucleic aeid content 
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of these ceJJs. However, the ultraviolet photographs 
of the treated cells show that malononitrile causes a 
marked change in the configuration of the structures, 
which are apparently rich in nucleic acid (the Nissl 
bodies). In the untreated cells, the Nisei substance 
has the “tigroid” appearance of more or less clumped 
material. Cells from malononitrile-treated animals, 
on the other hand, show a structureless dense mass 
diffusely spread through the cytoplasm. It seems 
likely, therefore, that the treatment induces a signifi¬ 
cant change in the degree of aggregation of the Nissl 
substance. Since the aggregated (normal) form of 
Nissl substance gives modal E values of about 0.3, 
there is reason to believe that it may contain oriented 
nucleic acids. It seems possible that the increase in 
the modal extinctions exhibited by the treated material 
may be a result of disaggregation (and the concomi¬ 
tant disorientation) of nucleic acids caused by ma¬ 
lononitrile. The rise in extinction induced by the 
treatment would not reflect an actual increase in nu¬ 
cleic acid content. 

This analysis suggests that differences between the 
extinction at 260 mg of cellular structures may fre¬ 
quently arise from variations in the degree of orien¬ 
tation of their constituent nucleic acids, rather than 
from real differences in nucleic acid content. Thus, 
where structures differ considerably in the degree of 
orientation of their nucleic acids, failure to consider 
this factor may lead to large errors in interpretation. 

For example, a study of the extinction of nuclei in 
various stages of spermatogenesis in the locust has 
led to the conclusion (4) that a “considerable amount 
of nucleic acid disappears from the nucleus” as the 
sperm ripens. The reduction in extinction is evident 
from ultraviolet photographs (reference 4, Figs. 79, 
80) in which spermatocytes show considerably darker 
nuclei than do neighboring sperm cells. However, the 
two cell types also differ greatly in the degree of 
orientation of their nuclear material. During sperm 
formation, the spherical nucleus of the spermatocyte 
stretches into the elongated spindle form which char¬ 
acterizes the mature sperm. Optical studies (23, 27) 
show that the birefringence of spermatid nuclei in¬ 
creases in parallel with elongation, and that the nu¬ 
cleic acid molecules thereby become markedly oriented. 
This orientation has been directly demonstrated (7) 
in photographs of sperm bundles taken with ultra¬ 
violet light (260 mu) of varying planes of polariza¬ 
tion. The material is highly dichroic, yielding a max¬ 
imum extinction when the plane of polarisation is 
perpendicular to the long axis of the sperm nuclei. 
It seems likely, therefore, that the reduction in ultra¬ 
violet extinction accompanying the elongation and 
maturation of the sperm nuclei is not due to “loss” 


of nucleic acid, but is rather a consequence of the 
orientation which is imposed on the nuclear material 
during spermatogenesis. 

A similar case is the determination of the extinction 
of muscle fibers (10). The E values for isotropic seg¬ 
ments of striated muscle fibers are significantly higher 
than those given by neighboring anisotropic segments. 
Since the absorption at 257 mu is probably related to 
the adenylic acid (and its phosphorylated compounds) 
of the muscle, this observation led to the conclusion 
that most of the adenine compounds are localized in 
the isotropic segments. 

An alternative interpretation of these data may be 
offered. The anisotropy of the muscle fibers seems 
to be due to oriented micelles of myosin. The myosin 
fibers are also the locus of the adenosine triphos¬ 
phatase activity of the muscle, and the formation of 
a complex between myosin and adenosine triphosphate 
has been demonstrated. It seems possible that a sig¬ 
nificant part of the nucleotide in muscle fibers will 
be oriented by attachment to myosin wherever this 
protein is itself oriented (i.e., in the anisotropic 
bands). Hence the isotropic bands’ showing greater 
extinctions than the anisotropic bands may result 
from the fact that the adenine compounds tend to be 
more strongly oriented in the latter, rather than from 
any difference in concentration. 

The foregoing analysis suggests that the orientation 
effect probably is important in determining the ex¬ 
tinctions given by cytological structures at 257-260 
nut. The ultraviolet absorption of such structures 
cannot be evaluated by the simple application of the 
Beer-Lambert laws. The interpretation of intracellu¬ 
lar extinction values at 257-260 mu seems to be sub¬ 
ject to the following reservations: 

1) Where part or all of the nucleic acid in a strut* 
ture is oriented in three dimensions, E is not pro¬ 
portional to the nucleic acid content unless E is 
smaller than about 0,1-0.2. 

2) In general, the E values yielded by oriented ag¬ 
gregates may be considerably smaller than the E value 
which the same number of nucleic acid molecules 
would yield if not oriented; hut this relationship is 
reversed when very low nucleic acid contents are 
encountered. For the case of complete orientation, E 
cannot rise above 0.3, regardless of the number of 
nucleic arid molecules scanned. 

3) If the orientation effect occurs, it is not pos¬ 
sible to calculate the nucleic acid content of a cell 
structure by comparing its extinction with the extinc¬ 
tion given by a known number of nucleic acid mole¬ 
cules in solution. 

4) In comparing two cytological structures, it 
Would appear impossible to obtain a ratio of their nu- 
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oleic acid contents from the ratio of their extinction 
values (for equal thicknesses) unless it can be shown 
that the same degree of orientation occurs in both 
structures. 

These reservations apply to the interpretation of 
qualitative observations, such as the darkness of ul¬ 
traviolet photographs, as well as to the treatment of 
quantitative photoelectrical measurements. 

The analysis presented is suggestive rather than 
conclusive. It does, however, indicate that the entire 
subject needs to be more closely scrutinised before it 
is possible to accept the assumptions on which many 
studies of ultraviolet absorption are based, or to look 
upon the resulting conclusions (<9) as a sound founda¬ 
tion for theories of protein metabolism, gene action, 
and the special roles of the nucleic acids. 

The need for new data is apparent. The location 
of the absorption axes of the nitrogen bases must be 
known if the optical behavior of nucleic acids is to 
be fully understood. Determination of dichroism at 
260 inn could yield precise information on the orienta¬ 
tion of nucleic acids. The validity of Lambert’s law 
could be determined by studying the extinctions of 
various thicknesses of the same or similar structures. 
Some way needs to be found for testing Beer’s law 
within cells. The optical changes which occur on the 
death of the cell seem to be sufficiently important to 
warrant much attention. 

Structural considerations other than orientation 
proper may be related to the light-absorbing powers 


of cellular substances. The work of Sheppard, 
Scheibe (see reference 12 for references), and others 
shows that polymerisation and simple aggregation 
may cause serious changes in the absorption charac¬ 
teristics of certain substances. Such effects may also 
induce anomalous behavior in nucleic acid solutions 
and may account for the recent observation (19) that 
polymerization of nucleic acid causes a significant 
change in extinction coefficient. 

The optical consequences of orientation of cellular 
materials may play an important role in determining 
the properties of photochemifal systems in living 
cells. There is evidence (29) that the degree of ag¬ 
gregation of some substances may determine the ap¬ 
pearance of new absorption maxima which result 
from intennolecular electron transfers. The funda¬ 
mental importance of such molecular behavior in liv¬ 
ing systems has been suggested by the work of Szent- 
Oyorgyi (31). 

The value of the application of optical methods to 
cellular biology is apparent from the important re¬ 
sults already achieved. It may not be amiss to sug¬ 
gest, however, that the full use of this tool depends 
largely on an understanding that we are dealing with 
a complicated and dynamic state of matter, in which 
relationships inconsequential in simpler systems be¬ 
come of decisive importance. Close attention to the 
special and uncommon optical properties of living 
cells may be more revealing than their similarities to 
the states of matter which are dead. 
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TECHNICAL PAPERS 


Chromosome Numbers for Two Species 
of Mexican Commelinaceae 

Etrlrn AtchUon, H. £. Moor*, Jr., tnd C. E. Wood, Jr. 

University of North Carolina > 

Bailey Hortorium at Cornell University, tnd 
University of California 

Although the Commelinoceae have provided classic 
material for cytological and cytotaxonomic studies (i-$), 
sufficient material has never been available for thorough 
treatment of the Central American representatives of the 
family. The authors report the following collections 
from Mexico: 

Tradeaeantia tririeacen* Booth ex Lindl. n 6, Borders 
of oak woods near Real del Monte, State of Hidalgo, 
Mexico. Altitude, 8500-8700 ft. Aug. 1, 1948. H, E. 
Moore, Jr., C. E. Wood, Jr,, E. Atchison, 4847. 



Fia, 1, (a) T, irideeoene. pollen mitosis. n«fl, (b) TV, 

candid root-tip mitosis, 2n *» 24, 


Wcldenia oandida Schult. f. 2n = 24. Wet pockets on 
sides of granitic rook masses above Pueblo Nuevo, rood 
from Beal del Monte to El Chico, State of Hidalgo, 
Mexico. Altitude, 9000-9500 ft. July 25, 1948. H. E. 
Moore, Jr,, and C. E. Wood, Jr., 4088* 

T. irideecens, a = 0 (Fig. la), is of particular cyto¬ 
taxonomic interest since it is the first diploid species to 
be reported among the Mexican tradescantias. The spe- 
ries is apparently endemic to the area around Real del 
Monte; it is known only from the type collection, E. 2P. 
Moore, Jr,, dill, and the collection cited above. W. 
oandida, 2n:=24 (Fig. lb) is found in the alpine regions 
of neutral Mexico and Guatemala, 

Specimens win be deposited in the Bailey Hortorium, 


Gray Herbarium, and Museum of the Department of 
Agriculture, San Jacinto, D.F., Mexico. 
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The Application of the Beer-Lambert Law 
to Optically Anisotropic Systems 

Barry Common*r and David Lipkln 

Henry Shaw School of Botany and 

Department of Chemistry , Washington University 

The determination of the concentrations of various 
substances in coll structures by the measurement of their 
absorption spectra in the cell is becoming a widely used 
experimental procedure (8, 4, 6 , if). Caspersson and his 
co-workers (8), for example, have made quantitative es¬ 
timates of the relative, and sometimes absolute, concen¬ 
trations of nucleic acids, proteins, and other substances in 
cells by the use of this technique. 

The quantitative evolution of such microBpectrophoto 
metric measurements is dependent on the validity of the 
assumption that the decrease in intensity of a beam of 
monochromatic light on passing through a cell structure 
is quantitatively related to the number of molecules of 
absorbing material in the path of the light beam. Rec¬ 
ognizing this limitation, Caspersson has shown (f) that 
in the passage of a light beam through microhetero- 
geneous structures such as cytoplasm, the losses due to 
nonabsorption processes are relatively small and calcu¬ 
lable. This consideration of nonspecific light losses, how¬ 
ever, does not accomplish the complete validation of in¬ 
tracellular extinction measurements as an index of 
concentration. Even though the difference in intensities 
of the incident and transmitted light beams may actually 
be due to absorption of photons by a given cell constitu¬ 
ent, it is still necessary to know the quantitative relation¬ 
ship between the amount of light absorbed and the num¬ 
ber of molecules in the path of the light boam. Usually 
it is assumed that this relationship is described by the 
Beor-Lambert law, E - log 7 C // = ecd. 1 

This law may be derived using the following assump¬ 
tions: (a) that a single molecular species is absorbing the 
light, and (b) that variations in concentration do not 
affect the interactions either between solute molecules or 
between solute and solvent in such a way that the prob- 

extinction, Intensity of the Incident light beam. 
I n intensity of the transmitted beam, c m concentration of 
absorbing material In moles/liter, & thickness of the sample 
in cm, and ** molar extinction coefficient. 
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ability of absorption of a light quantum by a single 
solute molecule is changed. No published data are avail* 
able on the applicability of the Beer-Lambert law to light 
absorption by molecules in the complicated states of 
aggregation characteristic of cell structures. Since 
interpretations of absorption measurements (e.g., by 
Caspersson and co-workers) are based on the above pro¬ 
portionality between o and E, and because the theoretical 
conclusions derived from them have been of considerable 
interest to biologists, it is necessary to consider to what 
degree the Beer-Lam bert law is valid for the actual con¬ 
ditions of intracellular measurements. It is the purpose 
of this paper to examine one of these conditions—the 
orientation of the absorbing molecules—for its effect 
on the validity of the Beer-Lambert law. 

It has been suggested (9) that the absorption by- a 
molecule of a light quantum of appropriate energy is due 
to the exoitation of electronic oscillations in the mole¬ 
cule. Except in the case of an optically symmetrical 
molecule, the probability of absorption of a given quan¬ 
tum depends on the spatial relationship between the mole¬ 
cule and the electric vector of the incident light. Spe¬ 
cifically, this probability is proportional to cos* 0, where 
0 is the angle between the direction of the electronic 
oscillation (an optical axis of the molecule) and the elec¬ 
tric vector of the light beam. Consequently, the proba¬ 
bility of absorption is zero when the electric vector is 
perpendicular to the optical axis and increases to a maxi¬ 
mum as the angle becomes zero. The effect of orientation 
on the absorption spectra of optically anisotropic mole¬ 
cules has boon studied by Weigert (16), Taylor (15), 
Scbeibe (12), Lewis and co-workers (10), Jelley (7), and 
Sheppard (Id). If such molecules are examined with 
unpolarized light in dilute solution they show no unusual 
optical properties. In this case the electric vectors of 
the light beam are randomly distributed in a plane at 
right angles to the beam and the dissolved molecules are 
oriented at random. On the other hand, if the optically 
anisotropic molecules are oriented and examined with 
plane polarized light, then they exhibit diohroism: the 
extinction varies with the orientation of the plane of 
polarization. Caspcrsson (2) has shown that partially 
oriented films of tbymonucleic acid exhibit this be¬ 
havior at 265 mp,. Furthermore, the work of Schmidt 
(15), Frey-Wyseling (5), and others indicates that the 
nucleic acids in cell structures may be oriented to a 
greater or lesser degree. The same is true of other op¬ 
tically anisotropic substances occurring in cell structures. 

Since practically all cellular extinction values are ob¬ 
tained with unpolarized light, one might expect that the 
above factor would not interfere with the measurements. 
As we shall show below, such an expectation is unwar¬ 
ranted. A consideration of the quantitative relationship 
.between the number of molecules in the light beam and 
the extinction (JJ) shows that this function is dependent 
on the degree of orientation of the optical axes of the 
molecules even when the measurements are made with 
unpolarised light 

*We Anil limit our considerations to a molecule in which 
there is possible a transition which corresponds to a 
distinctive axis. In other words, the molecule must have 


sufficiently low symmetry so that it has one optical axis 
which is different from all of the other possible optical 
axes. The cyanine dyes fall into this category; the optical 
axis corresponding to the main absorption band of long¬ 
est wavelength coincides with the largest dimension of 
the molecule (9). Malachite green also falls into this 
group. It has three different optical axes; one cor¬ 
responds to the absorption band at 625 mp, and another 
xo Ihe band at 423 mp (5). It should be noted that 
crystal violet also has three optical axes, but that two 
of them are identical. The discussion which follows would 
pertain only to the one axis which is distinctive. «The 
purines and pyrimidines would, lijte malachite green, have 
three different optical axes. The following comments 
apply here to absorption corresponding to any one axis. 

The relationships between the extinction (E) tor un¬ 
polarized light and the number of molecules of the type 
described above have been derived for three degrees of 
orientation of a given optical axis relative to the light 
beam, as follows: 1 


Case I. Completely random orientation of the optics! 
axes. In this case the relationship is 

, _ h aN _ v _ 8 

log* / = 3 ,orfi " 3x 2.303 * 

Case II. The optical axes all lie in a stack of planes 
with each plane perpendicular to the light beam, but 
the axes in each plane are randomly oriented. Here the 
relationship takes the form 

10ge T - 2 ’ s ~ 2 x 2.303 ' 

Case III. The optical axes are all parallel and the 
light beam is in a plane perpendicular to these axes. The 
relationship now becomes log* = aN, or E * 0.3 - 


log. (s- a *-H), 

These three functions are plotted in Fig. 1. It Can be 
seen that for the case of a completely oriented group of 
molecules (Curve 3, Case III) E is approximately pro¬ 
portional to the number of molecules only at extinction 
values less than 0.15. Above this value the slope of the 
curve changes until it approaches zero, so that as B ap¬ 
proaches 0.3 the amount of light absorbed becomes in¬ 
dependent of the number of molecules. In other words, 
if a completely oriented aggregate of optically anisotropic 
molecules such as we have described above is examined 
with monochromatic unpolarized light, then the amount 
of incident light absorbed can never be above 50%. This 
same type of behavior is exhibited by a sheet of Polaroid. 
If we consider a group of optically anisotropic molecules 
whose orientation corresponds to Case II (see Curve 2, 
Fig, 1), the relationship between E and N is a linear one, 
but not quantitatively the same as if the molecules were 
randomly oriented. For a given number of molecules, 
E tor random orientation In a plane in 50% greater than 


•We are indebted to Prof. ft. I, Wetssman for the deriva¬ 
tion of these equations end for many helpful discussions of 
the problem. 

• In these equations - the number of molecules per unit 
area of light beam, and a*the absorption coefficient per 
molecule when the optical axis of the molecule and the elec¬ 
tric vector of the light beam are parallel. 
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Fig. 1. 

S for random orientation in three dimensions. If similar 
calculations are made for samples in which only a part of 
the absorbing molecules are fully oriented, one obtains 
curves lying between Curves 1 and 3 {Fig. 1). These 
considerations lead us to the conclusion that the Beer- 
Lambert law must be applied with caution to groups 
of optically anisotropic molecules which may be more or 
less oriented. 

As previously noted, there iB evidence for some degree 
of orientation in practically all cytological structures 
other than liquid vacuoles {5, 13). Further, most bio¬ 
logically important molecules are optically anisotropic. 
Hence the assumption that the concentration of such an 
absorbing substance in a cell structure can be calculated 
from the ratio of its extinction value to the extinction of 
a given number of molecules of the substance in solution 
is not valid. Furthermore, unless the orientation of the 
optical axes in two cytological structures is identical, the 
assumption that the ratio of their extinctions per unit 
thickness is equal to the ratio of their content of such 
absorbing material is also invalid. Thus, in Cytological 
absorption measurements made with unpoiarised light, 
variations in extinction values may arise from differences 
in (he degree of orientation rather than from differences 
in content of any specific substance. It seems clear that 
the entire problem of interpreting intracellular extinction 
measurements needs to be reexamined with the realisation 
that one is dealing not with true solutions but with 
oriented aggregates of molecules. 
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Opalescence of Serum after Total Body 
X-Irradiation as a Prognostic 
Sign of Death 1 

Robert L. Rosenthal- 

Radiation Laboratory and Division of Medical Physics , 
University of California , Berkeley 

During an investigation of the clotting reaction of 
blood after irradiation with 200-kv X-rays, the author 
noted the appearance of a marked opalescence in the 
serum and plasma of rabbits, which subsequently died 
a few days after exposure to a single lethal dose of total 
body irradiation. This opalescence appeared within 24 
hr following the exposure to radiation. In all cases, it 
disappeared completely 72 hr after exposure. A review 
of tho literature has failed to reveal any mention of 
this phenomenon. 

Rabbits of the New Zealand white strain were given 
over the total body single doses of 200 kv X-irrndiati<m, 
calibrated in air by a Victoreen ionization chamber. 
Dosage ranged from 200 to 1000 roentgens (r). Blood 
samples were obtained by oardlae puncture before radia¬ 
tion and at various intervals after radiation (up to 30 
days). Serum was obtained from the clotted blood and 
plasma was obtained by centrifugation of either ci- 
trated or oxalated blood. In all oases the opalescence, 
when present, was noted in both serum and plasma. 

The opalescence was noticeable as & pearly white tint 
homogeneously distributed throughout the sample. Vari¬ 
ous degrees of intensity have oecurrod and can be clas¬ 
sified as marked, moderate, and slight, as shown in Fig. 
1. All animals showing marked opalescence died as a 

i Portions of this study were aided by the Atomic Energy 
Commission and U. S. Navy Contract N00orl-lll, Task Order 
WI Project No. NR 171-138, 

•The author wishes to thank Dr. John H. Lawrence and 
Dr, Hardin Jones for their valuable advice and assistance. 
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Fifl. 1. Tube at left shows clear serum as found before- 
irradiation of rabbit. Center tube shows moderately opales¬ 
cent serum (rabbit No. 16, 24 hr after irradiation ; animal 
sacrificed 34 days after Irradiation). Tube at right shows 
markedly opalescent serum (rabbit No. 19, 24 hr after irradi¬ 
ation ; died a few hours later). 

result of radiation within 5 days following exposure. 
Animals having no opalescence or opalescence to a lesser 
degree usually survived the radiation for at least 30 
days, unless death occurred from other causes. 


other hand, opalescence has been found in both fasting 
and nonfAsting animals after radiation. 

In the present series of rabbits, there is no relatioS 
between opalescence and changes in weight, white cell 
count, lymphocyte, or heterophile count 24 hr after radia¬ 
tion. The absence of any red pigmentation in opales¬ 
cent serum tends to rule out erythrocyte hemolysis as a 
creative factor. Also, there seems to be no direct rela¬ 
tion between opalescence and radiation dose rate. Table 
1 lists data pertinent to this report. Detailed coagula¬ 
tion and hematological studies on these animals will be 
reported subsequently. 

Studies are in progress with th4 collaboration of Dr. 
John Gofman to determine the chemical nature of opales¬ 
cence. The opalescence can be eliminated from serum by 
acetone and ether extraction according to the method de¬ 
scribed by Blix (I). Is low speed ultracestrifugation, 
material that is responsible at least in part for the opal¬ 
escence rises to the top, to leave a clear infranatant 
solution. 

At present, there is no clear explanation of the mech¬ 
anism by which radiation produces this opalescence. In 
view of its apparent relation to death, the phenomenon 
may not only provide a valuable early measurement of 


TABXjlB 1 

Dosage of Total Bodv Irradiation, Aitkaranc® or Sbruu Opalescence, Survival Time, 
LiTWI-HOCYTB, AND HETEROPHILE COUNTS IS BaSSITS 


Rabbit 

No. 

Radia¬ 

tion 

dose 

Dose 

rate 

Opalescence* 
of serum 24 
hr after 
radiation 

Died 

from 

radia¬ 

tion 

Days of survival 
after radiation 

Died 0 . 

other ■“* 

causes w 

Lymphocyte 

count 

Before **£ 

Von' 

t,on tkm 

Heterophile 

count 

B * for * tfter 

t,0D tlon 

2 

r 

200 

r/mln 

20.8 

None 



28t 

4700 

I960 

4610 

2640 

1 

400 

25.8 

None 



28f 

5560 

1030 

2570 

8180 

1 

400 

23.2 

None 



34 

2000 

840 

8230 

5810 

2 

400 

28.2 

None 



34 

1020 

000 

2880 

5846 

a 

800 

47 

None 



32 

8360 

240 

2640 

7520 

7 

800 

24 

Marked 

5 



0310 

1020 

5430 

7310 

8 

800 

52 

Marked 

2 

.. 

., 

6080 

060 

1870 

10120 

10 

800 

52 

Slight 


10t 


6770 

520 

1850 

0400 

11 

800 

52 

Slight 



31 

8450 

070 

1180 

* 9400 

12 

800 

04 

None 


01 

.. 

2840 

150 

2440 

4980 

18 

800 

04 

None 



81 

5100 

470 

2100 

8480 

5 

1000 

24 

Marked 

5 

,, 


5740 

250 

7700 

8050 

0 

1000 

52 

None 



30 

4710 

080 

0330 

8570 

14 

1000 

43.5 

None 


1011 

, , 

4820 

830 

2100 

8600 

10 

1000 

43.5 

Marked 

31 hr 



8500 

4320 

1300 

2810 

16 

1000 

44 

Moderate 



85 

11400 

310 

2810 

7830 

17 

1000 

44 


20 hr 


*• 

6580 

.... 

2400 



* Serum was never opalescent except In the period 24 hr after radiation, 
t Not sacrificed; 400 r given on 28th day after first radiation. 

t Died 20 min after Nembutal. Post-mortem : small right hemothorax ; otherwise negative on gross examination. 

I Died within 1 hr after Nembutal and cardiac puncture. Post-mortem: marked gastric dilution with moderate pyloric 
hypertrophy; otherwise negative on gross examination, 

II Died i hr after cardiac puncture; marked hemopericardhim present; post-mortem otherwise negative ; gross examination. 


If opalescence occurred it was prominent 24 hr after 
radiation, and completely disappeared 3 days after 
radiation in all cases. No relation was noted between 
its occurrence and diet or fasting. Serum obtained 
either with or without fasting (20 hr) was always clear 
for the opalescence following radiation. On the 


the effect of acute exposure to radiation, but may lead 
to further knowledge concerning the nature of radiation 
sickness and its lethal mechanisms. 

fUfsrence 

1. Blix, Q. J. Met. 0Asm., 1046, 10$, 64, 
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An Automatic Analyzer for the Study of 
Speech in Interaction and in Free Association 

Marcel Vtnuno and Jacob £. Finatingar 

Department of Psychiatry , Harvard University Medical 
School, and Department of Psychiatry , Massachusetts 
General Hospital , Boston 

The study of speech (verbal activity) in the inter¬ 
view situation and in free association is being undertaken 
as a preliminary investigation of the process of psycho¬ 
therapy. An attempt is being made to determine the re¬ 
lationship between the tempo and distribution of units 
of speech and the progress of therapy. Further relation¬ 
ships between verbal behavior and other personality char¬ 
acteristics and clinical diagnosis are being investigated. 
In previous work the voibal and gestural behavior of 
subjects and patients have been studied by the use of the 
1 * interaction chronograph 9 * (£), This device records the 
interaction by having an observer depress a key during 
periods of activity and release the key during periods of 
inactivity. In observing an interview two keyB wore used 
simultaneously, one to record the activity of each of the 
participants. 

In the close observation of so many fleeting phenomena 
even the trained observer is faced with a difficult task. 
The variability of the observer's reaction time, the prac¬ 
tice effect, and the effects of fatigue are the major 
sources of error. The analysis of the record which is 
done by other workers may be an additional source of 
error. 

In order to obtain more accurate information, an an¬ 
alyzer was designed and built which automatically per¬ 
forms all the operations required for the recording and 
analysis of verbal activity—thus eliminating the human 
observer. 

The automatic speech analyzer consists of four parts. 
The first computes the duration of speech and the total 
number of units of speech (a unit of speech is defined 
as any period which is separated from the subsequent 
one by a minimum pause of a certain duration—in these 
studies, 0.5 sec). The Bocond part of the analyzer clas¬ 
sifies the units of speech in terms of their duration in 
sec, and gives their frequency distribution. The third 
part records the number of interruptions and classifies 
them according to which participant in the interview in¬ 
terrupts and which one stops speaking after the inter¬ 
ruption. The fourth part is a tape recorder on which 
the units of speech are recorded. Two complete units, 
including the four parts described above, are provided 
for each of the participants in an interview. 

The speech of the two persona in the interview is 
picked up by unidirectional microphones (eardioid type) 
whose output is fed into speech amplifiers (Fig. 1). The 
gain of the amplifiers is adjusted so that the imput of the 
two microphones will not interfere with each other. The 
output of the amplifiers is rectified and taken through a 
clipping circuit which maintains the voltage below a cer¬ 
tain limiting level The output of the speech amplifier, 


after having gone through the dipping circuit, is fed to 
an adjustable time delay relay 1 (time delay A on diagram) 
which does not drop out unless the pause in speech is at 
least 0.6 see. 

Thus when the subject begins to speak the relay pulls 
on, energizes an electromagnetic counter, and starts an 
electric timer. When the subject stops speaking and only 
after the minimum pause mentioned above has elapsed, 
the counter completes the counting of one unit and the 



timer stops. If the minimum pause does not elapse, the 
counter does not complete the count and the timer goes 
on timing whatever follows as one period, until the mini¬ 
mum pause occurs. At the end of the whole interview 
the counter will show the total number of units of 
speech and the timer will show the total time in speech. 

The total time in silence is obtained by subtracting the 
total time in speech from the total duration of the inter¬ 
view. The time delay relay also energizes a pen, which 
leaves a trace of every period of speech on a paper tape, 
pulled by a synchronous motor, so that each period of 
speech can be recorded and studied separately, if desired. 
Two identical channels including microphone, amplifier, 
rectifier, clipper circuit, time delay relay, counter, and 
timer are provided; one for the subject, one for the in¬ 
terviewer. 

For the study of variability an apparatus was devised 
which at the end of the interview shows automatically, 
on a series of counters, the frequency distribution of the 

1 Certain types of time-delay circuits, like the multlvlhrairtr 
(“flip-flop”) type, which is used at present in the apparatus 
described, eliminate the necessity of using rectifiers end clip¬ 
per circuit This type of time-delay circuit was designed and 
built for us by Hanopol and MacLeod, Charlestown, Massa¬ 
chusetts. 
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durations of the units of speech. (This is the second 
part of the complete unit,) 

This apparatus consists essentially of (1) a timer 
which provides a short pulse every second; (2) a step¬ 
ping relay (or stepping switch); (3) a series of time 
delay relays, (time delay circuits B, C, and D on dia¬ 
gram) ; (4) a series of electromagnetic counters. 

Every time' the subject begins to speak the stepping 
switch begins to move from contact to contact, in steps 
of 1 sec, under the control of the impulses emanating 
each second from the timer, and keeps moving as long as 
the subject speaks. When the subject stops speaking an 
impulse goes through the wiper of the stepping switch to 
a counter, which records that unit of speech as one be¬ 
longing to a class interval of a fixed duration. The 
wiper returns to zero and is ready to move up for an¬ 
other unit. 

For practical purposes it was convenient to limit the 
stepping switch to 30 steps. If any period of speech 
lasts longer than 30 sec, it will be classified in a larger 
class interval in the following way: 

When the wiper of the stepping switch arrives at the 
30th contact it energizes a time delay relay circuit, which 
in turn energizes a counter which will record a halt in 
the subject's speaking between 30 and 40 sec after zero 
time. If the subject speaks beyond 40 see, another time 
delay circuit will energize another counter which records 
a halt between 40 and 50 sec, and so on. The last 
counter will record all the periods of speech which lasted 
beyond 1 min. 

For the study of interruptions a switching and com¬ 
puting system was built which automatically counts the 
interruptions and classifies them into the following six 
categories: 


1. A begins to speak, B interrupts, 

2. A * * * f {t B * * 

3. A “ ** " B " 

4. B “ “ “ A 

5. B ** “ “ A " 

6. B “ << “ A “ 


A stops 
B stops 
both stop 
A stops 
B stops 
both stop 


One of the great advantages of this analyzer is that it 
can be used in the study of any phenomenon distributed 
in time. It can automatically determine the number of 
occurrences in a given time, the total duration of a series 
of individual occurrences, and the frequency distribution 
of the durations of the events studied, From the fre- 
quency distribution the standard deviation can be readily 
calculated. 

In our present work we are adapting this apparatus to 
the study of speech (verbal activity) as it occurs in the 
interview situation and in free association during psycho¬ 
therapy. -In studying free association we record the 
patients 7 verbal productions on a wire recorder and then 
play the record back into one of the channels of the auto¬ 
matic speech analyzer. 


1. 

-' 2 , 
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CHappms, E. D, et ai. Applied Anthropoid 1042, V X. 
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Increasing the Efficiency of the Laying Hen 


H. D. Good.lt 

Mount Hope Fatm, WilUamitoum, HattacbusetU 

Work has been under way for many years on increasing 
the efficiency of the hen by increasing the number and 
size of eggs, and by reducing losses in the laying houses 
due to disease. In a long-term attack on this problem 
and using a unique method of measuring gains, we are 
able to state that the efficiency of the individual hen, 
measured by the increase in average weight of eggs 
per hen per year, has risen by 75.4% since 1923. If the 
decline in losses is taken into account, the increase in 
efficiency is 106.8%. This increase has been gained 
through the consistent use of the family method of breed¬ 
ing—an adaptation of Mendelian principles to the pecu¬ 
liarities of quantitative characters. So far as we are 
able to learn, no other method of breeding has been 
developed capable of making so much improvement in 
efficiency. 

References 2-5 give results of the application of this 
method of breeding in other instances. It has been used 
by poultry breeders of Massachusetts and vicinity with 
so much success that poultry breeders in all sections of 
the United States and Canada are adopting it. The 
method is effective because each pair of parents is judged 
by the qualities of all their children. Pairs whose chil¬ 
dren rate highest in the qualities desired by the breeder 
are given an opportunity to have moro children. Mean¬ 
while, a new generation of parents is selected from mem¬ 
bers of families with the highest ratings. But of this 
new generation of parents, only those few whose children 
rate the highest are retained. This process, repeated 
generation after generation on a sufficiently large scale, 
has thus far promoted a constantly rising average of 
those qualities which the breeder seeks to improve. 

The improvement in the efficiency of the laying hen 
made through consistent use of the family method of 
breeding suggests that when it is applied to other farm 
animals and to food plants, similar gains in efficiency 
will result. 

The poultry plant at Mount Hope Farm was begun in 
1917. Work on improving the efficiency of the hen 
began in 1918 with the assembling of the best stock 
available at that time. Ones the assembling of stock 
was completed, the dock was closed and no other stock 
added. As it was not necessary for the work to be self- 
supporting, or to provide a livelihood for a farm family, 
the work could proceed without the handicaps that con¬ 
front many poultry breeders. Thus it has been possible 
to use a method of measuring gains which most poultry 
breeders have not found feasible. 

This method, established in 1923, consists in setting 
aside entire families of full sisters, which axe all held— 
good, bad, and indifferent—-for 18 months after the first 
hatch is placed in the laying houses. Beginning in 1927, 
these families have come from parents hatched the pre¬ 
vious season, These parents are, therefore, not progeny- 
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proved. Records are kept in detail. Management has 
been maintained as nearly as possible like that in 1928. 


TABLE 1 

Year* 

Averaget 

egg 

weight 

In oz 

Average 
number 
of eggn 
per hen 
per year 

Average 
weight 
In oz 
of eggs 
produced 
by each 
hen per 
year 

1028 

1.85 

168 

810.8 

1020 

1.85 

220 

407.0 

1046 

2.30 

237 

545.lt 


* Records begin in the autumn of the year the blnle are 
hatched. 1940 Is the Inst year on which completed records 
nre available. 

t Taken during the spring. 

t The 1948 flock promises to exceed 600 ounces. 

The birds are housed in units of 100. The number of 
pullets in this group has ranged from a low of 300 in 
some years to a high of 800 in other years. The daugh¬ 
ters of parents already proved good are kept in a sepa¬ 
rate group. Their records are not included in this report. 

The average annual egg production of these flocks 
multiplied by the average egg weight gives the amount 
of product of each hen. From 1923 to 1929, efforts were 
concentrated on increasing the number of eggs, the size 
remaining constant. Then, forced by the demand for 
larger eggs, efforts were made toward increasing and 
fixing the size of eggs desired by the trade and toward 
making such gains in egg number as the inverse correla¬ 
tion between egg size and some of the factors entering 
into egg number permitted. The results of this work are 
shown by the averages in Table 1. 

As Table 1 shows, the average hen in today’s flocks is 
laying 234.3 oz more oggs than in 1923. This is an in¬ 
crease in efficiency of 75.4%. 

Inspection of the table shows that the rate of gain 
from 1929 to 1946 is about half that from 1923 to 1929. 
It proved much easier to increase number of eggs, leaving 
egg size constant, than to combine the desired egg size 
with high irate of lay and early maturity, but this has 
finally been accomplished. 

The enormous losses in the laying houses from deaths 
due to disease were not generally recognised when the 
present method of measuring gains in efficiency was 


TABLE 2 



Number 




of 

Number 


Year 

puDeta 

at 

dying 

during 

% dying 


beginning 

year 



of year 



1923 

804 

188 

45.4 

1629 

899 

09 

25.0 


801 

148 

18.5 


established in 1923. This happened because these losses 
were obscured by the prevalent practice of culling non¬ 
productive birds. A few years later the Now Jersey 
Agricultural Experiment Station (1) stated that losses 
from death and culling during the year sometimes reached 
60%. This was confirmed later by the Ohio Agricultural 
Experiment Station (d). Meanwhile, the losses from 
deaths in our unculled flocks, under exceptionally high 
standards of sanitation, were reaching the same amount 
in some years, thus indicating that culling merely antici¬ 
pated deaths that would otherwise occur. 

The losses in the laying flocks for the three years of 
Table 1 are shown in Table 2. 

A reduction in mortality increases the efficiency of a 
poultry plant by permitting it to operate toward maxi¬ 
mum capacity. If the plant of 1923 had operated at full 
capacity for the year, i.o., without deaths, each unit of 
100 hens would have produced 31,080 oz of eggs. As 
the records show that deaths occur at a fairly uniform 
rate throughout the year, each unit operated with an 
average of 77 hens for the year, thus producing only 
23,932 oz of eggs. In 1946, however, with each lyiit oper¬ 
ating with an average of 90.8 hens, it produced 49,495 oz 
of eggs — an increase of 25,563 oz, or an increase of 
106.8% in the efficiency of the plant over 1923. 
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Low Temperature and Survival of Embryonic 
Tissue 

John Ferguson 

Department of Physiology and Pharmacology, 

School of Medicine, Creighton University, 

Omaha 

The effect of low temperature on embryonic tissue has 
a practical as well as a theoretical interest. Various re¬ 
ports have appeared in the literature on hypothermia in 
relation to neoplastic tissue (€, 33 , 15 ). Preyer ( 11 ) 
observed that no further development of the incubating 
chick occurred after the temperature went below 25* C. 
But the individual embryonic tissues survive a much 
lower temperature. Hetherington and Craig ( 3 ) found 
that small fragments of chick heart may be stored in 
Ringer-Tyrode*s solution at 0* C for os long as 15 days 
with little apparent effect on Yiability. Stone { 14 ) con- 
eluded that the best temperature for preserving alive the 
enucleated eyes of the salamander was between 4 6 C and 
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6* C. Bucciante (£) reported on survival time of van* 
ous tissues of the 6-to- 12-day chick embryo when kept 
in Ringer's solution at 5® C. He found a wide varia¬ 
tion—hepatic cell* survived 3 days, while skin survived 
21 days. Waterman (18) has shown that different tis¬ 
sues of the rabbit embryo and of the chick embryo vary 
in their sensitivity to refrigeration. He found that G® C 
is the most suitable temperature at which to preserve 
embryonic tissue alive, and that at this temperature 
brain tissue remains viable for a few days, intestine for 
many days, and skin up to 3 weeks. He also noted that 
embryonic tissues survive refrigeration at 0° C for a 
short time only. 

To determine the lowest temperature at which embry¬ 
onic smooth muscle will survive, the amnion of the chick 
was used. It. is a structure containing smooth muscle 
but devoid of nervous elements of any description (7). 
When suspended as a muscle strip in oxygenated physio¬ 
logical solution at 41° C, it manifests spontaneous rhyth¬ 
micity, which may be recorded on a smoked drum (41® 0 
is the approximate temperature of bird's blood). Its 
motilityris increased by acetylcholine, eserine, or barium 
chloride (1). This spontaneous activity or its response 
to a drug served as a criterion of survival after the struc¬ 
ture had been exposed to a low temperature. 

Fertile lien's eggs were incubated for 10-17 days. 
The amnion was removed and placed in a test tube which 
contained 10-15 cc of either oxygenated Sollmann-Rade- 
maekers' solution (designated S R solution) or oxygen¬ 
ated cooled expressed almond oil. By placing the tube in 
a freezing mixture the temperature was lowered to the 
desired level and hold at that point, as closely as wob 
practicable, for 10 min. In some instances, when S-R 
solution was used, ice formed in the tube. When the 
structure was thawed out, however, and set up as a strip 
in 8R solution at 41° C, it exhibited spontaneous activity 
or reactivity to drugs. Several determinations wore 
made after chilling the 8-R solution to various degrees. 
But when freezing occurred the temperature rose rapidly. 

To overcome this difficulty almond oil was used. This 
oil being moderately unsaturated, iodine number 93-100 

(4) t it remained liquid to about -10® C. Vernon (17) 
found that oil dissolved oxygen more readily than water 
did. After a muscle had been kept in oil at -2® C for 
10 min it would still respond, although it had been 
frozen. However, the preparations which had been kept 
in oil at -3® C or lower for 10 min neither developed 
spontaneous rhythmicity nor reacted to eserine or barium 
chloride. From experiments in which 18 different prepa¬ 
rations were used, it was concluded that smooth muscle 
of the amnion of the chick irreversibly loses its irritabil¬ 
ity when kept at a temperature between -2* C and -3® C 
for 10‘mifl. 

Others, experimenting with exsected heart muscle Of 
the frog, found the lethal temperature to be about -3® 0 

(5) . Ice formation may occur in the muscle; still the 
muscle survives.. It is probable that part of the water in 


the tissue is in the bound form and as a consequence has 
properties which differ from those of free water. New¬ 
ton and Gortner (10) found that a portion of the water 
in expressed plant juice took no part in dissolving cane 
sugar which was added. 

However, freezing of the amnion delayed its recovery 
in developing a spontaneous rhythmicity. Bimonin (IE) 
observe! the injurious effects of ice formation on sub¬ 
sequent growth of embryonic tissue. The influence of 
the rate at which tissue is frozen is problematical. It 
is commonly implied that slow freezing is more injurious 
to tissue than rapid freezing, as larger ice crystals are 
associated with the former, and lienee ^more mechanical 
damage results. However, the results of Breedis and 
Fnrth (t) indicate that cells survive slow freezing better 
than rapid freezing. But Thoennes (16) found that 
when small bundles of muscle fibers are immersed in 
liquid air (-195° C) ajid rewarmed rapidly they can still 
respond to electric stimulation. 

It is apparent that embryonic tissues survive a much 
lower temperature than the developing embryo. Cameron 
(4) suggested that the coordinating centers of the 
central nervous system of the frog fail at a temperature 
much above that which is injurious to the muscle tissue. 

In summary, our results show that: the smooth muscle 
of the amnion of the chick irreversibly loses its irrita¬ 
bility when kept at a tomperaturo between -2® C and 
-3° C for 10 tnin. Recovery is influenced by the degree 
of chilling. The greater the chilling, tho longer is the 
time required for recovery. Ice forms in the structure 
in some instances, yet still it may survive. Part of the 
water of the tissue may be in the bound form. Isolated 
nerve-free muscle survives a much lower temperature than 
tho intact embryo has been reported to survive. 
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Comments and 
Communications 

Replanting "Discarded” Varieties as a 
Means of Disease Control 

Many Boil pathogens accumulate to a high degree in 
the presence of crops toward which they are virulent. 
The efficacy of crop rotation as a disease control measure 
lies in the fact that, in the absence of these crops (i.e., 
in the presence of nonsusceptible crops), the population 
of a given pathogen materially decreases. Other patho¬ 
gens, those to which the alternate crop or crops are sus¬ 
ceptible, must as surely increase; but by rotating crops 
subject to widely different pathogens, effective control is 
often achieved. Why not then, apply the same general 
practice in control of such pathogens as the grain rusts, 
H elminthosporium of oats, etc.T Such a practice would 
involve a rotation of host varieties, rather than of dis¬ 
tinct, often widely divergent, crop species. 

Development of varieties of crop plants resistant to 
infectious parasites and insect pests is a significant ap¬ 
proach to control of plant diseases. There is now wide¬ 
spread recognition on the part of pathologists, breeders, 
and practical growers that, contrary to earlier opinion, 
a new variety represents but a temporary advantage. 

"The case of Ceres wheat . . . illustrates this point. 
This rust-resistant variety was distributed in 1926, and 
by 1934 was grown on more than four million acres. 
Knee 66 of P. ^raminh? tritici was first identified in 
1928; in 1930 it comprised only 0.2 percent of the 
wheat stem-rust population . . . increased to 1.0 percent 
of the population in 1931, to 2.1 percent in 1932, 3.7 
percent in 1933, then increased rapidly to make up 33 
percent of the population in 1934 and 66 percent in 
1938. Cores was very susceptible to this race, and in 
the severe stem-rust epidemics of 3935 and 1937, in which 
race 56 predominated, Ceres was so heavily damaged 
that it ceased to be generally cultivated." (Christen¬ 
sen, C. M. et al. Ann . Jtev. Microbiol, 1948, 1, 61.) 

Again, recent experience with a group of new oat 
varieties is significant. These varieties, deriving a highly 
valued resistance to virtually all races of crown rust from 
the variety Victoria were planted in this country about 
1942, Very soon, reports of a new Helminthosporium 
disease appeared. Now widely recognised under the 
name If. viotoriae, this pathogen has eliminated all Vic¬ 
toria derivatives from general use. 

While focusing our attention on the striking and often 
disturbingly rapid increase in “new" races or species 
of pathogens in the presence of newly emphasised host 
varieties, we should not forget that some, at least, of the 
"old" races are correspondingly decreasing. There is 
likely as significant a decrease in the inoculum of hitherto 
prevalent pathogens as there is increase in hitherto rare 
ones! This, coupled with the very possible fact that the 


old host varieties well may be resistant to the new patho¬ 
gens, leads to our main thesis: that varietal rotation 
should be studied as a means of disease control. 

The simple fact that a pathogen is new stands as direct 
evidence that the older varieties were highly resistant 
to it, and that it was thorefore formerly rare. After five 
or ten years of widespread plantings of a new host type, 
it may well be that formerly well-known species or races 
of pathogens will have become scarce, and that older 
host varieties can be replanted with profit. That many 
of these discarded varieties are highly desirable is clearly 
shown by Quisenberry's statement regarding Vicland 
oats: "It haB been stated that in Wisconsin the yearB 
1942 and 1945 were Quite similar so far as climatic con¬ 
ditions for oat production were concerned. In 1942 the 
average yield in the state was 43.0 bushels per acre when 
only 90,000 acres of Vielnnd were grown. By 1945 Vic¬ 
land had increased to nearly 3 million acres and the 
state averago was 51.0 bushels per acre.'' (Quisenberry, 
K. 8. Chron. Bot> t 1948, 11, 237.) By selecting for a 
given crop, such as wheat or oats, several commercially 
desirable varieties of widely differing susceptibility, it 
should bo possible to work out a type of rotation which 
would hold disease losses at a low level. 

Rotations involving varieties of the same host species 
will require great care. Yet the principles governing the 
biological equilibrium between host and pathogen are 
the same; and such a program seems hardly os difficult 
os the present constant seach for ever new host varieties. 
And as McCall points out, "a change in variety requires 
no change in farm organization, management, utilization, 
or general plan of financing." (McCall, M. A. Chron. 
Bot., 1948, 11, 273.) 

Russell B. Stkvenr 

University of Tennessee 

Age of Canada’s Principal Gold-producing Belt 1 

The east-west trending belt of infolded rocks that ex¬ 
tends across Ontario into Quebec and includes many of 
Canada’s largest gold mines has long been known to be 
very old in terms of earth history. The belt is a trough- 
like strip of volcanic and sedimentary rocks of so-called 
Keewatin and Temiskaming age. It probably represents 
the roots of an ancient mountain belt that seems, by 
crosscutting relationships, to be older than all other 
similar zones in the Canadian shield area (Wilson, J. 
Tuzo. Trans, Amer . geophys . Unton, 29, 691). 

In southeastern Manitoba there is an area in which 
granitic rocks have invaded similar volcgnics and sedi¬ 
ments known locally as the Rice Lake series. These 
granites have been established by both Pb/U and Sr/Rb 
measurements (Holmes, Arthur. Rep. Comm. Mens, 
of Geol. Time, National Research Council 1946-47, p. 39; 
and Ahren', L. H. Nature, Bond., 1947, 180, 874, to be 
about 2,000 million years old, the greatest age measured 
heretofore. This area lies on the line of the above-men¬ 
tioned east-west belt if extended westward. 

1 Supported by the Office of Naval Research. In the labora¬ 
tory established by the Geological Society of America. 
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Work on the helium method of age determination 
(Hurley, P. M. and Goodman, C. Bull. geol. 8oo . 
Amer., 64, 305) has continued since the war, with a fur¬ 
ther understanding of what conditions are necessary for 
satisfactory age measurements. Measurements on mag¬ 
netite in certain “soft host” environments seem to be on 
a fairly firm footing. 

Only three samples of magnetite from this eastern 
mineral belt have been measured so far, but the agree¬ 
ment in age with each other, and with the Manitoba area 
to the west, offers some assurance that the determinations 
are reasonably correct. Samples 1 and 2 were specimens 
of magnetite from the Larder Lake district, Ontario. 
Sample 3 was magnetite separated from a quartz veinlet 
in a piece of massive sulphide ore from the Horne Mine, 
Noranda, Ontario. 


Sample 

Alphua/h r/rm 8 
from thick 
nonrev* 

Helium 
lfH> cc/a 

Affe in 
millions 
of yearst 

1 

.30 

16.9 

2100 

o 

0.15 

8,4 

2400 

A 

.20 

11.4 

2000 


* Non ami, H. H. and Hurmcy, P. M. Trans. Am. uvophya. 
Union, 11)48, 39, 335. 

f Assuming 90% of radioactivity due to uranium and 10% 
to thorium, as is about usual In this type of material. 

If these ages are correct, they give us our oldest known 
orogenic belt. 

Patrick M. Hurley 
Massachusetts Institute of Technology 

Some Simple Calculations Concerning the 
Efficiency of the Photosynthetic Mechanism 

As is well known, the free energy increase resulting 
from the pliotosynthetic reaction 

CO a + HjO = HCHO + O, 

is about 120 keal. Actually, the total amount of energy 
absorbed is such that the conversion of light into chemi¬ 
cal energy is accomplished with an efficiency of 30% or 
more (Ramnowitcii, E. L. Photosynthesis and rdated 
processes. New York: Interscieucc, 1945. p. 50.) The 
reaction above consists of the following oxidation and 
reduction steps: 

2H a O = O a + 4H* + 4c* 

CO„ + 4H + + 4c- = HCHO + H a O 

In neutral solution the reversible potential of the first' 
reaction is (Latimer, W. M. The oxidation states of 
the elements and their potentials in aqueous solution, 
New York: Prentice-Hall, 1938.) + 0.81 v with respect to 
the standard hydrogen electrode while that of the second 
is -0.40 v, the emf of the total reaction being 1.30 v. 
One will verify that 1.30 x4x28 = lS0 keal. 

The formation of oxygen by oxidation of water is, in 
general, subject to a considerable anodic overvoltage or 
activation energy. If in particular the formation of 


molecular oxygen were to require the prior liberation of 
atomic oxygen from each molecule of water the minimum 
anodic potential would be the reversible potential for the 
reaction 

H a O = O + 2H + +2<r 

which iu neutral solution is + 2.00 v. 

Sinwlarly the reduction of carbon dioxide to n for¬ 
maldehyde unit HGHO would be expected to be subject 
to a considerable cathodic overvoltage. As a matter of 
fact we have observed (Van Rybsblbergbr, P. et al. 

J. Amer. ohem . Soc 1944, 08, 1801; 1946, 68, 2047; ' 
2050) that the polarographic reductiod of carbon dioxide 
cannot start until a cathodic potential of about 2 v with 
respect to the standard hydrogen electrode is reached. 
The total potential difference would thus be 4 v and the 
corresponding free energy of the 4-electron oxidatiomre* 
duction would be 4x4x23 = 368 keal. If the equivalent 
amount of light energy is absorbed to produce chemical 
synthesis to the extent of 120 keal the efficiency of the 
process is 120/368 = 33%, in good agreement with fc the 
value given by Rabinowitch (op. ctf.). 

If we accept a mechanism involving eight quanta 
(which assumption, supported by other evidence, seems 
logical in view of the fact that there are altogether eight 
stopB of yielding and accepting of electrons for the over¬ 
all reaction) the average molar quantum would be 
268/8 = 46 keal, corresponding to an average wavelength 
of 6210 A. It is interesting to notB that the maxima 
of rod absorption in ether solution correspond to 43.3 keal 
for chlorophyll a and 44.5 for chlorophyll b (Harris, 

IX G., and Zscbkile, F. P. Hot. Qaz. f 1943, 104, 515). 
See also our polarographic work on chlorophyll (Van 
R.y yw 1 &LBERG H R, P. ei al. J. Amer . ohem. 8oc. t 1947, 69, 
809). 

The original free energy level of one mole of CO, and 
two molee of H a O is - 208 keal. The absorption of 368 
keal brings it up to +160 keal. If one subtracts from 
this the loss of free energy of 110 keal corresponding to 
the formation of molecular O a from the atoms, one arrives 
at the value of + 50 keal for the free energy of formation 
of the activated complex CH,0, from the elements in 
their standard states. This value might lead to useful 
speculations concerning the structure and properties of 
this complex. Since the final free energy level of one 
mole of HCHO and one mole of HfO is -88 keal the 
reaction 

CH 4 O t =HCHO + H^O 

from the reaction complex to the final products involves 
a free energy decrease of 60 - (- 88) = 138 ke&L 

These considerations are submitted as an extension of 
the reversible electrochemical point of view already fa¬ 
miliar in the field of photosynthesis to the more realistic 
o:to of overvoltage and activation. It is hoped that they 
may be of some use towards the final elucidation of the 
mechanism of the most important of all chemical reac¬ 
tions occurring in nature. 

Pierre Van BYesiujxMHi 

University of Oregon 
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In Memoriam 


Paul Rode 

1901-1948 

Paul Rode, 47, postwar chief of Biological Museums 
in the French National Service and inspector general 
of the French Provincial Biological Museums, died 
on September 23 in Paris. He was the most pro¬ 
ductive mammalogist in France and the leading can¬ 
didate for the professorship of zoology in the Paris 
Museum from which Edouard Bourdelle retired last 
year on account of age. The collaboration between 
Paul Rode and the eminent Paris surgeon, Robert 
Didier, was fortunate indeed for mammalogy. They 
were two of the foursome (Bourdelle and Bressou 
were the others) which inaugurated and carried into 
its 12tb (1948) annual volume the French journal 
of mammalogy, Mammalia . Paul Rode pulled the 
heaviest load of anyone in that team, as he did in 
most undertakings in which he participated—never 
because he was aggressive but because his associates 
requested him to do so. His loyalty to them and to 
bis science, along with his marvelous efficiency and 
great industry, were outstanding characteristics. 
Since he never took his responsibilities lightly, these 
admirable traits were his undoing, inasmuch as he 
literally wore out his heart in doing so long the work 
normal for several men. He is survived by his wife, 

E r A ymond Halt, 

University of Kansas, Lawrence 


William John Dann 

1904-1948 

William John Dann, professor of nutrition in the 
Duke University School of Medicine, died at his home 
in Durham, North Carolina on December 15, 1948, 
after a prolonged illness. Born in Bath, England on 
November 9, 1904, he received his formal training in 
the schools of Sheffield University. In 1925 he began 
graduate training in the Department of Biochemistry 
at Cambridge University which led to a Ph.D. in 1930. 
During these formative years, under the influence par¬ 
ticularly of F. G. Hopkins, J. B. S. Haldane, and 
L, J. Harris, his interest in nutrition developed and 
thereafter his efforts were concentrated in this field. 
After receiving the doctorate, he remained in the 
Nutrition Laboratory at Cambridge for four years as 


Medical Research Scholar of the Worshipful Council 
of Grocers and as holder of the Beit Memorial Re¬ 
search Fellowship. During these years he published 
numbers of papers on the estimation of carotene and 
vitamin A, and on their metabolism. 

In 1934 Dr. Dann came to Durham as assistant 
professor of physiology and nutrition and assumed 
responsibility for the teaching of nutrition in the 
Medical School, becoming professor of nutrition in 
1946. Here his interest in vitamin A continued, and 
with his colleagues and graduate students he developed 
the first successful colorimetric assay for vitamin A 
and carotene. He continued to study the physiology 
of vitamin A deficiency in animals as well as man. 

Since Durham was in the area within which pellagra 
was endemic at that time it was inevitable that he 
should become interested in the nutritional aspects of 
pellagra. After establishing that what hud been de¬ 
scribed as “rat pellagra” was in truth due to a defi¬ 
ciency of vitamin and not of the PP factor, he col¬ 
laborated with the late Y. Subba Row, then at Har¬ 
vard, in a search for the actual PP principle. This 
search culminated in the isolation of nicotinic acid, 
which had not yet been biologically assayed when the 
announcement of the significance of this compound 
was made by the Wisconsin workers in 1937. Most 
of his scientific efforts in the years thereafter were de¬ 
voted to a study of the physiological sequelae of nia¬ 
cin deficiency. In all, 58 scientific papers remain as 
his memorial, as well as vol. XII of the Biological 
Symposia, which he edited as his last scientific endea¬ 
vor. He had also served on the editorial board of the 
Journal of Nutrition and of Nutrition Reviews. 

Jack Dann carried over the objectivity of his sci¬ 
entific life to his thinking on all other matters. Re¬ 
markably free of preformed prejudices of any sort, 
he was in all matters a true liberal, forming his own 
opinion after mature, critical consideration of the sub¬ 
ject at hand, yet ever willing to reconsider in the light 
of new facts. 

While a student at Cambridge, he married Eileen 
Morley, who shared with him his chief interests away 
from the laboratory—namely, people, books, nature, 
and their four children. His loss is mourned not only 
by bis family, his friends, and Duke University, but 
by the scientific community at large. 

Philip Hahdlbr 

Duke University 
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Book Reviews 


Surface active agents: their chemistry and technology, 

Anthony M. Schwartz and JamcH W. Perry. Now 

York: Interscience, 1949. Pp. xi + 579. (Illustrated.) 

$ 10 . 00 . 

This is a book that has long been needed. It deals with 
a modern field of chemistry that has becomo big business, 
with applications in many branches of technology. Not 
only so, but there has developed a whole field of theoreti¬ 
cal relations and interesting phenomena that has greatly 
extended our knowledge of colloids and surface behavior. 

The book, after a brief introduction which classifies the 
materials to be discussed, consists of three parts: Part I 
devotes 216 pages to processes for synthesizing and 
manufacturing surface active agents, such as tho carboxy 
acids, the sulfonic esters, the alkane sulfonates, the alkyl 
aromatic sulfonates, and other hydrophilic compounds, as 
well as cationic surface active agents of various kinds, 
and nonionic and ampholytic agents, with brief refer¬ 
ence to nonaqueous systems, builders, and mixtures. 

This very substantial, comprehensive, and clearly writ¬ 
ten account consists almost entirely of information pub¬ 
lished in connection with patents. It is surprising how 
much of modern organic chemistry has been patented. On 
every page of this part of the book there are numerous 
references to relevant patents, amongst which the journal 
references are completely submerged. The reviewer had 
not realized what a large proportion of chemical ad¬ 
vances have been described in patents rather than in the 
usual chemical periodicals. 

Part II of this very useful book devotes 150 pages to 
the physical chemistry of surface active agents in theory 
and practice. It is the most complete discussion of this 
subject so far available. Not only does it discuss surface 
and interfacial properties and their relations to chemical 
constitution, but it gives a careful though somewhat brief 
review of the properties of solutions of these colloidal 
electrolytes. 

This is followed by a discussion of the “gross effects 
and technical evaluation of surface active agents," which 
includes such manifestations as wetting, rewetting, dis¬ 
persion, foaming, emulsification, and various factors of 
detergency. Here, as in all parts of the book, the authors 
have made an attempt to include a complete enumeration 
of all the significant effects, together with references to 
the best accounts of specific phenomena. 

Lastly, Part III, in another 128 pages, describes the 
chief practical applications of these important materials 
throughout the textile industries, in cosmetics and deter¬ 
gents, in pharmaceutical, germicidal, fungicidal, and 
disinfectant use, in metal technology, in paints and 
lacquers, ink* and pigments, in leather technology, in 
petroleum and lubricants, in flotation, and in many other 
branches of industry, such as foods, rubber, and resins. 
This is a remarkably Complete review. 

It is evident from the mere enumeration of alt these 
tepftea# which are presented in well-integrated form, that 


this book should find a place in every chemistry library. 
It will be a stimulus to students to look through its 
pages and see how chemical and physical chemical pro¬ 
perties can be applied. It is also an invaluable reference 
book for those having anything to do with colloidal 
electrolytes and surface active agents. The authors have 
rendered a distinct service to Chemistry^ and have added 
to the value of the mass of information with which they 
deal by supplying a detailed subject index in addition 
to- a complete author index. 

Jamks W. McBajn 

Stanford University 

Temperature and human Ufe . C.-E. A. Winslow and L. 

P. Herrington. Princeton, N. J.: Princeton Univ. 

Press, 1949. Pp. xiv + 272. (Illustrated.) $3.50. 

This small, well-put-together volume constitutes an ex¬ 
cellent handbook for the air conditioning engineer, cover¬ 
ing as it does man’s immediate thermal adjustment to his 
environment. As a monographic presentation of the 
authors’ fifteen years of work in thiB field, it is a con¬ 
tribution of value to those engaged in the problems of 
air conditioning and the physics of body heat loss. By 
no moans, however, does it live up to the broad connota¬ 
tions of its title. 

The most important contributions of this Tale group 
(hero presented in toto) have been concerned with “par- 
titional 'calorimetry ''—a term they coined to cover their 
studies on the partitioning of body heat loss between 
radiationnl, comluctional, and evaporational channels 
under diverse environmental conditions. They stressed 
the importance of wall temperature in air conditioning 
calculations and in other ways provided added refinements 
for the engineers 9 activities in this field. However, they 
consistently refused to accept anything more than a short 
term relationship between man's thermal environmental 
and his heat production ot general biology. For them, 
man's slower hormonal response to changes in thermal 
environment simply does not exist, in spite of adequately 
documented evidence on the subject. 

Your reviewer greatly appreciated being asked to pre¬ 
pare a review of Temperature and human life — this field 
had held his major interest for the post two decades. The 
, book proved rather disappointing, however, in that it 
has only one chapter dealing—very inadequately—with 
the more general relationship of climate and the seasons 
to human biology. The inclusion of only one scientific 
work published since 1938, among some 39 listed refer¬ 
ences, clearly dates the Authors 7 thinking in this final 
chapter. None of the illustrations was prepared later 
than 19801 

Claaknck A. Miljus 
Laboratory for Xxperimental Medicine, 

University of Cincinnati 
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NEWS 
and Notes 

J. W. Buchanan has resigned as 
Morrison Professor and chairman of 
the Department of Zoology at North¬ 
western University to become Han¬ 
cock Professor of Zoology and di¬ 
rector of research in the Hancock 
Foundation of the University of 
Southern California. 

Katherine Way, physicist at the 
Oak Ridge National Laboratory, has 
joined the staff of the National 
Bureau of Standards, where she will 
conduct research in nuclear physics 
. for the Radioactivity Laboratory. 
Dr. Way will head a project for com¬ 
piling a table of present-day nuclear 
data, to which periodic supplements 
will be added. The table will be 
available to scientific institutions, 
universities, the government, indus¬ 
try, and the public. 

V. I. Komarewsky, professor of 
chemical engineering and director of 
the Catalysis Laboratory at Illinois 
Institute of Technology, will speak 
before the Danish Chemical Society 
in Copenhagen in S e pte mber . Dj*. 
Komarewsky, who has been a staff 
member of the Kaiser Wilhelm Insti¬ 
tute of Biochemistry in Berlin and 
the Moscow Academy of Mines, will 
discuss the catalytic reaction of 
hydrocarbons. 

Merritt Lyndon Femald, Fisher 
Professor of Natural History, emeri¬ 
tus, and former director of the Gray 
Herbarium of Harvard University, 
has been elected an honorary mem¬ 
ber of the Societas pro Fauna et 
Flora of Finland. 

Frederick V. Rand, plant pathol¬ 
ogist in the Office of Experiment 
Stations of the U. S. Department of 
Agriculture, retired on June SO, after 
$6 years of government service. 
Dr. Rand did extensive research in 
the causes and prevention of bacterial 
wilt of cucumbers, cantaloupes, 
squashes, and corn by beetle carriers. 


He served as executive secretary of 
the division of Biology and Agri¬ 
culture of the National Research 
Council and associate editor of both 
Botanical Abstracts and Biological 
Abstracts . 

E. W. Comings, professor of 
chemical engineering at the Univer¬ 
sity of Illinois, will Bpend a month 
at the Army Chemical Center this 
summer. During this time he will 
make a study of special problems of 
the Technical Command and the 
Medical Division. In addition, he 
will give a series of lectures on fluid 
dynamics to a selected group of 
chemical and mechanical engineers 
of the Army Chemical Center. 

Visitors to U. S. 

Recent visitors at the National 
Bureau of Standards were S, C, 
Stokes, British Rubber Producers' 
Research Association, Welwyn Gar¬ 
den City, Hertfordshire, England; 
G. C. Ellis, metallurgist with the 
Armament Research Establishment, 
London; Goeffrey G. Haselden, 
lecturer in low temperature tech¬ 
nology, Imperial College, London; 

O. H. Saunders, professor of en¬ 
gineering at London University; G. 

P. Douglas and E. G. Broadbent, 
both of the Royal Aircraft Estab¬ 
lishment, Famborough, England; 
Karl G. Ekblad, civil engineer at 
Chalmers University, Gothenburg, 
Sweden, who is here on a year's 
Scandinavian-American fellowship; 
R. H. Field, chief of the Metrology 
Section of the Canadian National 
Research Council; Roger Coutant, 
director general of the Ateliers Ping- 
ris et Mollet Fontaine Reimis, Lille, 
France ; J. Kampe d« F8riet of the 
University of Lille, France; L. P. 
Buseth, chemical engineer with the 
A. S. De Forenede Ullvarefabrikker 
of Oslo, Norway; Giuseppe Fran- 
cifti, professor of electrical engineer¬ 
ing, University of Bologna; A, R, 
Burgess, of the Imperial Chemical 
Industries, Ltd., England. Visitors 
from India were S, Sankaralingam, 
assistant engineer with the govern¬ 
ment of Madras and at present as¬ 
sociated with the University of 
Louisville; R, R. Umarji, professor 
of mathematics at Gujarat College, 


Ahmedabad, and member of the 
Bombay Education Service;* and 
K. Rajagopalaawami, chief geologist 
of the Associated Cement Companies, 
Ltd., Bombay. 

Luis Richard, tuberculosis spec¬ 
ialist at the Hospital del Salvador, 
Santiago, Chile, is working with the 
Massachusetts State Department of 
Health in Boston. 

H. O. Hartley, Department of 
Applied Statistics of the University 
of London, is here for six months to 
edit i 1 An Index of Tables for 
Statisticians" on behalf of the Sub¬ 
committee on Statistical Tables, Na¬ 
tional Research Council. 

Luis J. Giove Deacon, associate 
professor of human anatomy at the 
Medical School of the University of 
San Marcos, Lima, Peru, is here as 
consultant on plans for a maternity 
clinic to be operated by the Matern¬ 
ity Home in Lima, of which he is the 
director. 

Vincent Russo, Buenos Aires 
economist, is visiting in Washington 
and New York until August 5, when 
he will leave for an assignment in 
Rome, Italy. 

Grants and Awards 

The National Cancar Institute 
has made one new grant and 30 re¬ 
newals totaling $872,477 to medical 
schools and one new grant and 15 
renewals totaling $81,430 to dental 
schools for continued cancer train¬ 
ing programs. The two schools re¬ 
ceiving aid for the first time are 
the Chicago Medical School and the 
University of Nebraska College of 
Dentistry, Thirty-six special cancer 
control grants totaling $550,802 
were made to state and local health 
agencies, universities, hospitals, and 
other nonprofit organisations. 

Henry P. Hansen of Oregon State 
College was the recent recipient of 
the 1048 George Mercer Award for 
for the outstanding paper in the 
field of ecology published in the 
United States and Canada in 1047. 
Dr. Hansen's paper, "Postglacial 
Forest Succession, Climate, and 
Chronology in the Pacific North* 
west, " appeared in the Transactions 
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of the American Philosophical So¬ 
ciety. Presentation of the Mercer 
Award, which honors Lieutenant 
George Mercer, a young British 
ecologist killed in World War I, was 
made at the summer meeting of the 
Western Section of tho Ecological 
Society of America held in Van¬ 
couver, B. 0., June 14-18. 


Meetings and Elections 

The Biological Photographic As¬ 
sociation, Inc, will hold its 19th 
annual meeting in Cleveland, Ohio 
on September 7-10 at the Hotel 
Cleveland, A program covering all 
phases of biological photography is 
being assembled. Inquiries regard¬ 
ing commercial exhibits should be 
addressed to Fred S. Beal, St. Luke's 
hospital, 11311 Shaker Boulevard, 
Cleveland 4. The pre-convention is¬ 
sue of the B. P. A . Journal will give 
complete details of the convention 
plans. 

The Ohio Academy of Science 
elected as officers for the year 1949- 
50 at its 58th annual meeting: Paul 
B, Sears, Oberlin College, president ; 
Bush Elliott, Ohio University, secre¬ 
tary ; R. M. Geist, Capital University, 
treasurer. 

At the recent business meeting of 
the Paleontological Society of 
Waahington, held at the U, 8. Na¬ 
tional Museum, the following officers 
were elected to serve for the year 
1949*450: president, James Steele 
Williams, U. 8* Geological Survey; 
vice president, Helen M. Duncan, 
U. S. Geological Survey; secretary, 
David Nicol, U. S. National Mu¬ 
seum; treasurer, A. L. Boweher, U. S. 
National Museum; and member of 
Executive Committee, A. R. Loeb- 
lieh, Jr. 

The Illinois State Academy of 
Science elected the following officers 
for 1949-50 at its 42nd annual meet¬ 
ing: Thorne Deuel, director of the 
Illinois State Museum, Springfield, 
president; Pereival Robertson, Prin- 
cipia College, Eleah, first vies presi¬ 
dent ; F* M. Fryxell, Augusta na 
College, Rock Island, second vice 
president; Leland IMumer, University 


of Illinois, Urbana, secretary; W. 
W. Grimm, Bradley University, 
Peoria, treasurer; and Dorothy E. 
Rose, Illinois State Geological Sur¬ 
vey, Urbana, editor. Leland Sh&nor 
in representative to the AAAS. 

The Illuminating Ejpgineering 
Society elected the following new 
officers as of October 1: Charles H. 
Goddard, of the Sylvania Electric 
Products Inc., Ipswich, Massachu¬ 
setts; S. G. Hibben, Westinghouse 
Electric Corporation, vice president; 
E. M. Strong, Cornell University, 
treasurer; A. H. Manwaring, Phila¬ 
delphia Electrical & Manufacturing 
Company, general secretary. 

A Wood Symposium, cospon¬ 
sored by the National Research 
Council and the Office of Naval 
Research, was held on June 16-17, 
at the National Academy of Sci¬ 
ences in Washington, D. C. The con¬ 
ference was called to acquaint sci¬ 
entists and men in the lumber in¬ 
dustry with the military require¬ 
ments of wood and wood products 
and also to discuss present-day in¬ 
vestigations and improvements in 
the field. 

Earl T. Compton, chairman of the 
Research and Development Board, 
National Military Establishment, 
stated in the opening address that 
“from the standpoint of research 
and development of the National 
Military Establishment there is, of 
course, a responsibility and interest 
in seeing that anything that can be 
done to improve materials or equip¬ 
ment for military purposes is done, 
within the limits of man power and 
funds available for the work. “ 

The keynote of the conference 
was conservation. Methods of con¬ 
trolling marine borers are being 
studied in several laboratories. 
Physiological studies of wood-rot¬ 
ting fungi, with a view to under¬ 
standing the basic functioning of 
the organism in order to find a point 
at which it might be attacked, are 
under way at the Department of 
Plant Sciences at Syracuse Univer¬ 
sity, supported by the Office of 
Naval Research* Two other ONR- 
sponsored projects, one at Fordhaxn 
University and one at the Univer¬ 
sity of Maryland, are exploring the 


chemistry of lignin. An investiga-' 
tion of the effects of insects on 
wood is a combined project of the 
Corps of Engineers and the Depart¬ 
ment of Agriculture. The chemical 
utilisation of wood and wood reai- 
dues is being studied at the U. S. 
Forest Service 'a Forest Products 
Laboratory. The Tale University 
School of Forestry is surveying 
wood supply and analyzing tropical 
woods. 

Papers presented by Army and 
Navy participants revealed the enor¬ 
mous amount of lumber required for 
shore installations as well as for the 
thousands of small eraft needed in 
landing operations, rescue work, and 
coastwise transportation. A review 
of World War II requirements 
showed that in 1944 close to three 
million tons were needed for all 
installations, afloat and ashore; and* 
for wood-paekaging alone it was 
estimated that half the total har¬ 
vest was going into containers as 
of August 1945. While peacetime 
requirements are much smaller, the 
services realise that in another con¬ 
flict they would operate in an econ¬ 
omy of scarcity Tather than one of 
plenty such as existed at the be¬ 
ginning of World War II. It may 
seem strange to the layman that, 
aside from small boats, wood is used 
to the extent it is in combat ships, 
but no adequate substitute for wood 
has yet been found for weather 
decks and for flight decks. It is 
required over the steel plates to keep 
the temperatures in living spaces 
more equable, to afford better foot¬ 
ing in rough weather, and to facili¬ 
tate topside access for damage con¬ 
trol crews during intense fires when 
steel may reach extremely high tem¬ 
peratures. Teakwood is considered 
the ace of all decking woods, and 
for carriers of the Iowa class a total 
of 110,000 board feet are needed. 

Particular attention was given to 
the marine borers; the several spe¬ 
cies of these which attack wood bot¬ 
toms, piles, and other submerged 
woodeh structures cause an esti¬ 
mated 100 million dollars damage a 
year in the United States and its 
possessions. A survey of the dis¬ 
tribution of borers in the Pacific 
island# end on the Atlantic eeast 
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was described at the meeting and 
advances in protective measures were 
discussed. The Industrial Test Lab¬ 
oratory at the Philadelphia Naval 
Shipyard reported that the addition 
of silica to the glue used in ply¬ 
wood offered excellent protection 
when plywood was used as sheath¬ 
ing on wooden vessels. While many 
of the projects were of an empirical 
nature, the need for more funds 
mental research, especially in the 
life history of the borers, was 
stressed. A project of this type 
has been undertaken by the Univor 
sity of Miami in an attempt to 
determine the exact stage of wood 
peuetration and also the physiolog¬ 
ical nature of the action of creosote 
and other preservatives on the 
borers. 

Although no new preservatives 
were reported, search and experi¬ 
mentation continues and methods of 
application and the life span of ac¬ 
cepted preservatives are under con¬ 
stant study. The rapidly dimmish 
•,':ing supply of lumber in this country 
jFwould place this commodity in a 
critical position in the event of an¬ 
other war, and methods of expand 
ing the use of what is available and 
extending its life after it is fabri¬ 
cated deserve continued research. 


NRC News 

The Pacific Science Board has 
made the assignments and field ar 
rangewents for the Scientific Inves¬ 
tigations in Micronesia Program, an 
extension of the 1947-49 Coordi¬ 
nated Investigation of Mieronesian 
Anthropology. This new program is 
financed by the Office of Naval Re¬ 
search i n cooperation with the 
Pacific Science Board and Institu¬ 
tions with which the participants 
are associated. 

Nine scientists have been selected 
and a number have already left for 
the field. /, Dyen, associate profes¬ 
sor of Malayan Languages of Tale 
University, will continue the linguis¬ 
tic work that he started under the 
GlhfA Program on the island of 
Tap, Dr. Dyen will also spend a 
short time ht Ponape, where he will 
assist in clarifying certain problems 


involved in the new orthography 
evolved from Paul L. Garvin’s lin¬ 
guistic work there under the CIMA 
Program. It is expected that this 
new orthography will be adopted for 
general use. Ann Meredith , of Rad- 
cliff e College, who has been study¬ 
ing social anthropology at Harvard 
University, expects to study the 
relationship between the sociocul¬ 
tural system and the socialization 
process among the native peoples 
in the Truk area. Sidney Glass- 
man, of the University of Oklahoma, 
will conduct a botanical survey of 
the inland of Ponapo with a view to 
preparing a flora of Ponape. Irtoin 
Lane, of the University of Hawaii, 
will make a botanical survey in the 
Palftus during a four-month period 
in which he will study in particular 
the orchids of that area. He expects 
to base his operations at the Pacific 
War Memorial Field Station in 
Koror, which is being operated by 
Peter J. R. Hill, the resident nat¬ 
uralist for the station. F. R. Pos¬ 
her g> research associate in the De¬ 
partment of Biology of Catholic 
University, will make a four-to-flve- 
month study of plant ecology in the 
Marianas, with special emphasis on 
environmental factors affecting the 
distribution of island species. Dr. 
Fosberg will be engaged in research 
for the Quartermaster Corps of the 
Department of the Army. Donald 
Anderson, of Honolulu, Hawaii, will 
accompany Dr. Fosberg as a botan¬ 
ical assistant, M* tP, de Lauben- 
feU , professor of zoology of the 
University of Hawaii, will conduct 
a sponge survey, during a period of 
four mouths, of certain island areas 
of the Marshalls, and particularly 
of Ailinglapalap, as well as of the 
Truk and Palau areas of the Caro¬ 
line Islands. Eugenie Clark , of the 
American Museum of Natural His¬ 
tory, will conduct a four-month re¬ 
search project on the taxonomy of 
plectognath fishes in the Palous. 
She will base her operation* at the 
Field Station of the Pacific War 
Memorial in Koror, Robert S’. End* 
rra, professor of zoology at Swarth* 
more College, will spend a period of 
four months on the island of Saipan 
and other islands of tho Trust Terri¬ 
tory, during which he will carry out 


ecological studies with special refer¬ 
ence to introduced races of rats. 
Dr. Baders will also conduct a gen¬ 
eral ecological survey to determine 
the best locality for future biological 
research on specific problems. 

In addition to this special pro¬ 
gram, the Pacific Science Board 
has sent two scientific investigators, 
supported financially by the Office 
of Naval Research, into the Trust 
Territory to conduct further re¬ 
search on a giant African snail, 
Aohatina fulica . Albert R. Mead , 
assistant professor of zoology at the 
University of Arizona, and Yoahio 
Kondo, of the Bernice P. Bishop 
Museum, will devote close to four 
months in the Marianas and Palau h 
to the study of factors which might 
be helpful in the control of the 
giant african snail, and will make 
a survey collection of land shells 
on selected small islands. 

The Food and Nutrition Board 
of the National Research Council met 
May 6-7, and heard reports from 
chairmen of its fifteen committees. 
The board reaffirmed its position 
favoring extension of the eompulsory 
enrichment of com products, in those 
states where com is a substantial 
dietary constituent. The board also 
went on record in favor of rice en¬ 
richment, but since rice is not a sig¬ 
nificant dietary constituent in the 
U. 8. except among isolated popula¬ 
tion groups, compulsory enrichment 
was not advocated. 

At the request of the TJ. 8. Public 
Health Service, the board stated its 
position with regard to the addition 
of vitamins A and D to skim milk 
and the use of ascorbic acid in milk 
for prevention of oxidative off-flavor. 
The board has continued to adhere 
to its policy of recommending addi¬ 
tions of vitamins to foods only when 
there is a distinct public health bene¬ 
fit to be attained. The board has no 
objection to additions of vitamins to 
milk in reasonable amounts for spe¬ 
cial purposes, provided the practice 
encourages consumption of milk and 
does not increase the cost or reduce 
the availability of milk or its prod¬ 
ucts to those who need it most. 

The board acted to place on a 
standing basis its ad hoc Committee 
on Food Protection, which has been 
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reviewing the public health implica¬ 
tion® of pesticide residues and chemi¬ 
cals being added to foods for special 
purposes. H, E. Longenecker, dean 
of the Graduate School, University 
of Pittsburgh, is chairman of this 
committee. 

New members of the board, nomi¬ 
nated for appointment by the NEC 
under a rotational plan are: W. J. 
Darby, Vanderbilt University; N. B. 
Guerrant, Pennsylvania State Col¬ 
lege; D. B. Hand, Now York Agri¬ 
cultural Experiment Station; Ancel 
Keys, University of Minnesota; 0- H. 
Lowry, Washington University; and 
R, J. Williams, University of Texas 
Medical School. These men replaced 
C. A. Elvehjem, W. E. Krauss, L. A. 
Maynard, W. H. Sebrell, H. C. Sher- 
man, F. F. Tisdall, and B. R. Wil¬ 
liam*. Frank G. Boudreau, executive 
director of the Milbank Memorial 
Fund, was reappointed chairman of 
the board for the eoming year. 

The NRC Committee on Public 
Health Aspects of Brucellosis met 
in Washington, May 9-10, with Wes¬ 
ley W. Spink from the University of 
Minnesota presiding. 

The objectives of this committee 
are: to prepare definitive statements 
on the problem of brucellosis in ani¬ 
mals and its control; to define diag¬ 
nostic criteria for human brucellosis 
and to make recommendations for its 
prevention and treatment; and to en¬ 
courage research on brucellosis. 

A report prepared for the com¬ 
mittee by L. M. Hutchings, C. K. 
Mingle, and W, L. Boyd, “Eradica¬ 
tion and Control of Brucellosis in 
Animals, ’ * was revised and approved 
for publication by the committee. 
It is hoped that this report will aid 
the efforts of those groups attempt¬ 
ing to resolve the problem of brucol- 
losis in domestic animals. 

One of the major problems per¬ 
taining to human brucellosis is the 
standardisation of diagnostic pro¬ 
cedures among various laboratories. 
A questionnaire, responded to by 45 
states, tlie District of Columbia, and 
throe Canadian provinces, revealed a 
marked lack of uniformity in carry¬ 
ing out tests. In view of the situ* 


human brucellosis. In this connec¬ 
tion, six to ten state laboratories 
were to be requested to cooperate in 
carrying out standardized agglutina¬ 
tion tests. 

The committee is cooperating in 
the plans for a symposium on brucel¬ 
losis, to he held in Washington this 
fall, and also for an Inter-American 
Congress on Brucellosis, to be held 
in Washington in the fall of 1950. 

Deaths 

Ray Lyman Wilbur, 74, president 
of Stanford University for 27 years 
and its chancellor since 1943, died 
June 26. Dr. Wilbur was U, 8. 
Secretary of the Interior under 
President Hoover and served as 
president both of the American 
Academy of Medicine and the 
American Medical Association. 

Birbal Sahni, 53, professor of 
botany and dean of the Faculty of 
Science at Lucknow University, In¬ 
dia, died April 9. A fellow of the 
Royal Society, Dr. Sahni had rec¬ 
ently been elected to preside over 
the International Botanical Con¬ 
gress next year. 

Irving S. Lowen, 3.8, associate 
professor of physics at the Wash¬ 
ington Square College of New York 
University, died on April 23. Dr. 
Lowen was research associate with 
the Manhattan Project and an asso¬ 
ciate of the National Defense Re¬ 
search Committee during the war, 
and later a consultant of Brookhaven 
National Laboratory and director of 
the U. S. Navy project on cosmic 
rays. 

Preston Strong Millar, 69, presi¬ 
dent of Electrical Testing Labora¬ 
tories, Inc., died June 17 at his 
summer home at Glen Spey, New 
York. Mr. Millar was one of the 
founders of the Illuminating En¬ 
gineering Society, its president in 
1913, and the recipient of its gold 
medal in 1945. 
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a hundred pouuds of recording in¬ 
struments into the upper atmos¬ 



by lightweight 


phere. In Navy tests at the Whitfe 
Sands Proving Ground in New Mex¬ 
ico the Aero bee rockets reached a 
velocity of 4,100 feet per second in 
about 45 seconds, and attained an 
altitude of over 70 miles. The 
Aerobee is about 20 feet long and 
15 inches in diameter, and weighs 
1,665 pounds. It was designed and 
constructed for the Navy Bureau of 
Ordnance by the Aerojet Engineer- 
ing Corporation of Azusa, Cali¬ 
fornia, under the technical guidance 
of the Applied Physics Laboratory 
of Johns Hopkins University. 

Data which the instruments gather 
in fiight are obtained by means of 
.radio transmission from a telemeter¬ 
ing set, and by recovery of photo¬ 
graphic film from the wreckage. 
Impact shock in landing lias been 
reduced by explosive separation of 
the tailfin structure from the rocket 
during descent and the film, which is 
contained in heavy metal casing, is 
recovered intact. 

Through study of the ionosphere, 
scientists hope to answer questions 
regarding the composition of the 
atmosphere at high altitudes, cos¬ 
mic rays, and the sun’s spectrum. 

The ancient city of Madaba, 

which served as a diocesan center 
for Christians from about 300 to 
600 A. D., will be the subject of an 
archaeological survey this summer. 
A. Henry Detweiler, professor of 
architecture at Cornell University, 
left June 26 to make a topographi¬ 
cal study of the city, which haB not 
been thoroughly explored since 1901. 
The site previously yielded the 
Madaba Map of Palestine—a mosaic 
on a church floor which showed how 
the country looked during the By¬ 
zantine period. Professor Det¬ 
weiler, in addition to surveying 
Madaba, will serve as director of 
the American School of Oriental 
Research in Jerusalem during the 
summer. 

The professional library of the late 
Burton E. Livingston has been 
given to the Hebrew University, 
Jerusalem* Dr. Livingston was pro¬ 
fessor of plant physiology end forest ^ 
ecology and director of tho Labors- ' 
fcoty of Plant Physiology at Johns . 
Hopkins University, Baltimore. ‘ 
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The Composition and Mechanism of Formation 
of Gastric Acid Secretion 


Franklin Hollander 

The Gastroenterology Research Laboratory 
The Mount Sinai Hospital, New York City 

O NE OF THE MOST IMPORTANT PROB- 
LEMS confronting* the clinical physiologist 
today is how the stomach makes its hydro¬ 
chloric acid. Nowhere else in the body does a physio¬ 
logical fluid regularly attain a pH less than 3.0, let 
alone a value between 0.8 ami 0.9 of a pH unit. For¬ 
mation of such a solution requires the liberation of a 
strong acid, at concentration of about 0.17 N. This 
process has always fascinated me because of the sim¬ 
plicity of the chemical entity involved, but my interest- 
in the problem derives from utilitarian clinical con¬ 
siderations as well. 

Some fifteen years ago, Dr, Alvarez of the Mayo 
Clinic said that the unequivocal cure of gastrointes¬ 
tinal ulceration awaits a medical procedure based on 
the complete elimination of acid formation in the 
stomach, and in order to attain this it is necessary that 
we learn how to “throw a monkey wrench” into the 
machinery of the acid-forming cells. This in turn re¬ 
quires an understanding of the cellular mechanism 
itself, and it is this fundamental eytological process 
that I am about to discuss—not because I am pre¬ 
pared to offer a monkey wrench for clinical purposes, 
but because I think we have already gained consider¬ 
able insight into the machinery we aim to disrupt. 

The first suggestion regarding the chemical reaction 
by which acid is formed in the gastric mucosa was 
offered by Maly (24) in 1877—more than fifty years 
after Prout (26) reported his proof that this acid is 
HC1. Maly believed that a double decomposition 
takes place between NaCI and primary sodium phos¬ 
phate, but he did not state how the two products of the 
reaction were separated and a reversal of this double 
decomposition prevented. To compensate for this de¬ 
ficiency, Bergeim (i) in 1914 suggested that the NaCI 
be viewed as reacting with the corresponding calcium 
acid phosphate, since the resulting secondary phos¬ 
phate of calcium will precipitate out of solution. 
Even this mechanism will not bear too close a scrutiny, 
however. Then, twenty-five years after Maly, Bunge 
(3) suggested that carbonic acid, rather than the 
HjjPO* radical, might be the source of the acidic hy¬ 
drogen. This possibility remained dormant until 1939, 
when Davenport (5) discovered that the carbonic an- 


hydrase activity of gastric mucosa is enormous—as in 
the erythroeyte. As a result of this observation, he 
and Fisher (7) revived the Bunge theory and pro¬ 
posed that the entire reaction might be speeded up 
under the influence of this enzyme—an idea which re¬ 
ceived considerable support from other investigators. 
However, quantitative evidence concerning the rela¬ 
tive inhibitory actions of thiocyanate ion, sulfanila¬ 
mide, and thiophene-2-sulfonamide on carbonic anhy- 
drase activity and on the production of gastric HC1 
in vivo proved to be inconsistent with the theory, and 
in 1940 Davenport was led to retract his hypothesis 
(6) l . Instead of H a CO a , a number of insoluble weak 
organic acids have been proposed from time to time 
as the interactant which liberates HC1 from NaCI. 
These include edeslm or some other protein—as sug¬ 
gested by Robertson (£8) in 1924 on the basis of some 
very early work of Osborne's; a “leeithalbuinin” 
found in hog mucosa by Rasters (27) in 1928; and 
certain undefined substances which give rise to a 
phase boundary phenomenon propounded by Clowes 
(4) in 1916, and by Beutner and Caplan (£) in 1932. 

Many writers have supported a physicochemical 
reaction based on the Do man equilibrium, but—as 
I pointed out some years ago (19)—this hypothesis 
demands an impossibly high chloride ion concentra¬ 
tion of 7 million molar in the parietal cytoplasm. 
There is also a process described by A. P. Mathews 
(25) in 1925, whereby intracellular deamination re¬ 
sults in the secretion of NH 4 Cl by the parietal cell; 
the salt then undergoes hydrolysis in the neck of the 
gland, with reabsorption of NH 4 0H aB ammonia and 
consequent liberation of HC1 into the lumen of the 
stomach. Our interest in this hypothesis has recently 
been revived by tl*e excellent work of D. Glick (8) t 
wherein he has demonstrated a correlation between the 
urease activity of minute specimens of the mucosa 
from successive levels of the gastric gland and the 
density of parietal cells at these different levels. 
(Since urease is effective in producing ammonia from 

VIn spite of this retract Ion, the essence of the carbonic 
nahydrase theory has been retained by several subsequent 
investigators, «.*. t tUvrts, ft, m. and Borlman, J. Biachem. 

1948, 48, IvU, PattorSOn, W. 8. and Strttsn, DfflW., Jr. 

1949. 109. 288, 
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urea, Glick is now justified in pursuing the hypothesis 
that this enzyme is an integral part of the intracellular 
acid-producing mechanism by a process of the kind 
suggested by Mathews. As another variant of this 
theory, Hanke (10) suggested the cellular extrusion 
of an organic chloride with a chloroesterase which 
hydrolyzes the chloride to HC1 and a reabsorbable 
alcohol. Hanke was never able to find such an en¬ 
zyme in the gastric mucosa and ultimately retracted 
this hypothesis (12). 

And finally there is a physicochemical mechanism 
based on n membrane hydrolysis of NaCl which I pro¬ 
posed some years ago {12, 19), and by means of which 
I attempted to cope with certain aspects of the prob¬ 
lem neglected by these other investigators. Before I 
describe this system, however, I want to tell you some 
of the accumulated experimental evidence on which 
this hypothesis now rests. 

As one reexamines the various hypotheses concern¬ 
ing acid production by the parietal cell, it becomes 
evident that they all suffer from two major defici¬ 
encies: (1) no physicochemical mechanism is offered 
to explain how the HC1 can be removed from the 
interior of the cell, which contains buffered cyto¬ 
plasm nt a pH, presumably, in the neighborhood of 
7.4; and (2) the presence or absence of other chem¬ 
ical constituents of the parietal secretion is completely 
neglected. These two considerations are closely inter¬ 
dependent, and in order to include them in any ex¬ 
planation of parietal cell activity it is essential that 
we know the chemical composition of the pure parietal 
secretion as it emerges from the cell. To determine 
this directly in the mammal, by a micropipetting tech¬ 
nique like that employed in studying the kidney 
tubule, is impossible because the inner diameter of 
the gastric tubule is usually less than 10 microns. 
Orogastric intubation of unoperated men or dogs is 
obviously of no avail, because the gastric juice so 
collected is always contaminated with saliva and the 
mixed buffer-containing secretions which are regularly 
regurgitated from the duodenum. Even the gastric 
juice derived from a Pavlov or other type of gastric 
pouch, though uncontaminated by these extragastric 
secretions, is a mixture of several different secretions 
from the diverse glandular elements of the stomach 
mucosa itself. In addition to the acid parietal secre¬ 
tion, this mixture comprises: the alkaline mucus from 
the columnar cells on or near the surface of the 
mucosa; another alkaline fluid, designated mucoid or 
dilution secretion, which may originate in the neck 
chief cells; and Anally pepsin secretion from the 
zymogen or body chief cells. Thus, it is patently im¬ 
possible to collect pure parietal secretion even from 
an isolated stomach pouch, not to speak of the intact 
vtseus itself ii 


And so it became necessary for us to attack t^c 
problem indirectly, by studying how the quantitative 
composition of gastric juice varies with changes in 
eertain pertinent physiological conditions. To de¬ 
scribe our experimental procedures very briefly, we 
prepare our Pavlov pouches in the usual maimer from 
Hie gastric corpus, as depicted by the original Pavlov 
diagrams. The Heidenhain pouch is similar to this, 
except that it is entirely separated from the main 
stomach and therefore completely deprived of its 
vagal innervation, whereas the! Pavlov pouch con¬ 
tinues to receive some of its original vagal innerva¬ 
tion through the isthmus. 

In the course of our own work (i\2), we discovered 
that Pavlov and his students had an entirely erroneous 
idea of the distribution of the gastric vagi in the dog. 
They believed that only the anterior gastric vagus 
runs along the lesser curvature, as in man, but that 
the posterior trunk courses along the greater curva¬ 
ture. Actually, dog and man are alike in that the 
two trunks run parallel along the lesser curvature. 
Consequently, in preparing the usual Pavlov pouch, 
most of the branches of these nerves are cut across 
and only a small fraction of the preoperative inner¬ 
vation to the mucosa of the pouch area is returned— 
instead of the full supply ns had been generally be¬ 
lieved for many years before. As a result, Ave devised 
a different type of accessory stomach which avoids 
transection of the vagal branches in the seromuscular 
layer and therefore retains practically all of its 
original supply of parasympathetic innervation (21). 

Whatever the type of operation, however, the mouth 
of the pouch is delivered and fixed through a stab 
wound to the left of the midline, and the skin sur¬ 
rounding the stoma frequently remains uneroded for 
long periods, provided the dog is dressed meticulously 
two or three times a day and is generally well cared 
for otherwise. In the experiment, the animal is sup¬ 
ported in a saddle, and a special collecting device is 
attached to the abdomen with the rubber catheter in¬ 
serted into the mouth of the pouch. For certain pur¬ 
poses which I shall describe later, the presence of this 
catheter inside the pouch in undesirable, and so we 
perform the operation in such a way that the stoma 
can be kept closed by sphincteric action of the ab¬ 
dominal muscle fibers ( 20 ). Gastric juice secreted in 
such a pouch is usually retained for considerable 
periods of time, even when the animal is left with 
the dressing on. To draw off the retained fluid, a 
narrow catheter is inserted, but left there only long 
enough to aspirate the contents with the aid of a 
syringe. Using this retention or discontinuous col¬ 
lection technique, the catheter is in contact with the 
mucosa for only a fraction of a minute, whereas by 
the older, continuous drainage method, it is held in 
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position throughout the experiment, which usually 
lasts for several hours. 

Now, what is the chemical composition of gastric 
juice from such accessory stomach pouches f Of 
course it contains free and combined hydrochloric 
acid, pepsin, two different mucins, and even small 
amounts of other organic compounds. Besides these, 
however, there are significant amounts of other ionic 
substances—notably sodium, potassium, calcium, bi¬ 
carbonate, and phosphate. The quantitative composi¬ 
tion of pure pouch juice varies extensively, and this 
variation is particularly marked as regards the acid 
component. Thus our first efforts aimed to find out 
whether there was any regularity about these varia¬ 
tions, and we started with the fundamental relation 
between acidity and rate of secretion. Using the con¬ 
tinuous collection technique, with the dog in the stand 
and food as a stimulus, we confirmed the observation 
of previous investigators that the curves for these 
two variables, plotted against time of collection after 
feeding, are roughly parallel (£0). This was ob¬ 
served with meat alone and with a synthetic nutrition¬ 
ally balanced diet devised years ago by Karr and 
Cowgill for dog nutrition experiments. This same 
parallelism was encountered in fasting dogs when 
histamine was used as the stimulus (Fig. 1—Exp. B 
20), provided the dosage was such as to induce a 
secretory rate of about the same magnitude ns in the 
feeding experiments. More recently we have found 
this to be true also for other stimuli like meat extract, 
pilocarpine, meeholyl, and insulin hypoglycemia. 

Both Pavlov and Rosenmun knew of this correlation 
between acidity and rate of secretion, but their inter¬ 
pretations of it were radically different (14). Rose- 
rnann believed that the relation is inherent in the 
activity of the parietal cell itself, whereas Pavlov be¬ 
lieved that the parietal fluid is ejected by the cell at 
a constant concentration of acid, independent of the 
rate of secretion, and that all the variations in acidity 
below this maximum result from neutralization by 
mucus. Under well-controlled conditions, a healthy 
nonirritated pouch may be expected to secrete raucuB 
at a fairly steady rate. Hence, when the rate of 
parietal secretion is high the proportion of admixed 
mucus will be low and so will the extent of neutraliza¬ 
tion, When, on the contrary, the rate of acid secre¬ 
tion is relatively low, the proportion of mucus in the 
mixed juice will be greater and the acidity correspond¬ 
ingly lower. Neither of these investigators had ever 
been able to confirm' Rosemann’s theory, nor had any 
of their subsequent supporters, and so we attempted 
to obtain crucial evidence on the subject 

To this end we sought changes in the character of 
the acidity-time curves which might be associated with 
a marked change in rate of secretion, such as is ob¬ 


tained with maximal dosages of histamine. The re¬ 
sults of these studies confirmed Pavlov most beauti¬ 
fully; when the dosage wns increased eightfold, the 
maximum rate of secretion was more than doubled, 



Fig. 1 . Continuous collection experiments with htstmnlue 
UK stimulus. Experiment H 20 was performed on h dog with 
n low secretory rate stimulated by 0.0ft mp of histamine per 
kg ; experiment H 27, on a dog with it high secretory rate 
stimulated by 0.4 mg of histamine per kg. 

but the parallelism between rate and acidity disap¬ 
peared. Instead, the acidity curves rose promptly to 
plateau values (Fig. 1 -Exp. B 27) around pH 0.91 
and remained there throughout the experiment, until 
the rate of flow had again dropped lo the postprandial 
level or lower. 

Furthermore, it happens that one of our Pavlov 
pouch dogs developed a real hypersecretion immedi¬ 
ately following parturition—and this did not diminish 
significantly until her puppies were weaned (13)* 
The hypersecretion was probably continuous through¬ 
out the 24-hour cycle, and the daily output during 
the period of lactation was more than ten times that 
observed during the control periods. A similar though 
less marked effect w T as subsequently obtained with an¬ 
other one of our pouch dogs. In spite of this huge 
increase in secretory activity, however, the total acid¬ 
ity for 66 samples of this hypersecretory pouch juice 
from the first animal averaged 157 rh 7 mM—corre¬ 
sponding to a pH of 0.89 ± 0.01. The agreement be¬ 
tween these data and those from the histamine experi¬ 
ments is striking. 

Another confirmation for the Pavlov theory of con¬ 
stant acidity could be obtained if we were able to 
reduce the flow of mucus secretion markedly in post¬ 
prandial and similar experiments where the rate of 
acid secretion is low. Starting with this idea, we rea¬ 
soned that the mucus may be evoked by mechanical 
stimulation of the surface epithelium with the collect¬ 
ing catheter, and that additional neutralizing action 
may sometimes come from a transudate or exudate 
associated with mild degrees of inflammation or 
trauma. In order to minimize these two effects, we 
devised the sphincter-pouch technique that I men¬ 
tioned previously, for collecting juice without the aid 
of the collector. Then, when the postprandial and low 
histamine experiments were repeated by this new tech- 
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nique, and special attention was given to avoid trauma 
to the mucosal lining of the pouch, and the pouch was 
freed of retained mucus by washing out with the first 
portion of juice secreted in each experiment, we ob¬ 
tained results wholly in accord with our expectation. 
The acidity rose promptly to values well above those 
obtained in the corresponding continuous collection 
experiments, and usually it was in the range of the 
plateau values obtained with high histamine dosage 
and spontaneous hypersecretion, i.e., pH 0.91 ± 0.02. 

This limiting value seemed to be characteristic of 
the pure parietal secretion, but actually specimens 
having pH’s of this magnitude still contain small, but 
significant amounts of the alkaline component of the 
gastric juice. To demonstrate this, let us see how 
some of the other chemical components of this pure 
gastric secretion are related quantitatively to the acid¬ 
ity. In any one experiment, the time curves for total 
chloride concentration and titrimetrie acidity are par¬ 
allel, in much the same way that the acidity and vol¬ 
ume-rate curves are parallel (15). Such variations in 
total chloride also were in accord with Pavlov’s theory, 
but they directly contradicted the reports of Rose- 
mnnn and others that the total chloride concentration 
is constant, regardless of the acidity. 

The positive correlation between total chloride and 
total acidity is even more clearly evident from a sta¬ 
tistical analysis of the data obtained in a group of 
19 experiments. Plotting these variables directly 
against each other, we obtained a good straight line 
(Fig. 2) in the acidity range above 100 mM, irrespec¬ 
tive of whether the specimens of pouch juice were 
collected continuously with the dog in the collecting 
stand, or intermittently by the sphincter retention 
technique. 



Fkj. 2. Total chloride as a function of acidity; mean 
curve for 121 specimens obtained in 19 continuous collection 
experiments. 

We next calculated the neutral chloride—that is, 
the combined alkali and alkaline earth chlorides-—as 
the difference between acid and total chloride concen¬ 
trations, and plotted these values against the total 
acidity. Again we obtained a straight line (Fig. 3)—* 
of mathematical necessity because of the previous* 
total chloride-acidity relations—but this time the cor¬ 
relation was negative, i.e., the higher the acidity the 


lower the neutral chloride value. In this particular, 
set of data for 31 specimens of gastric secretion ob¬ 
tained in a series of retention experiments with a 
single dog, the correlation coefficient is -0.98. This 
exceedingly high value probably reflects the selected 



Fiu. 3. Neutral chloride ah h function of Acidity ; mean 
curve for 121 specimens obtained in 19 continuous collec¬ 
tion experiments. 

character of the specimens, which results from the 
refinement of experimental technique. The correla¬ 
tion coefficient for the other set of 121 specimens 
obtained in 19 continuous drainage experiments is 
somewhat lower, -0.84, but still high enough to dem¬ 
onstrate the validity of this rectilinear relation be¬ 
tween neutral chloride and total acidity. Of six such 
sets of data subjected to correlation analysis, four 
gave coefficients between 0.97 and 0.99 (18). The 
lowest neutral chloride value actually obtained in these 
experiments was 3 mM, with a corresponding acidity 
of 162 tom. The specimen of secretion giving these 
values was one of the purest we ever encountered, 
and did not contain a single flake of insoluble mucin. 

Now, let us consider the acidity intercept of the 
graphs for these two variables. This statistic is de¬ 
fined by the point where an extension of the straight 
line graph crosses the horizontal or acidity axis, and 
it corresponds to the acidity of a hypothetical speci¬ 
men of gastric juice which has a neutral chloride con¬ 
centration of zero. From the data for this particular 
experiment, the intercept is 167 mM; for all 6 sets of 
data which we studied statistically, the intercept varied 
in the range 157-169, with a weighted mean of 165 
mM. Similar graphs, of varying statistical reliability, 
have been obtained for total nitrogen, total solids, ash, 
and organic solids, but I shall not take time to present 
the evidence in detail. Suffice it to say that if we ac¬ 
cept the validity of this extrapolation technique, the 
hypothetical pure gastric juice of zero neutral chloride 
content has the following composition: a total acidity 
in the neighborhood of 165 to 170 mM; practically the 
same concentration pf free hydrochloric aoid, and 
therefore a combined acidity of zero; a total chloride 
concentration identical with the total acidity, in con- 
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fortuity with the absence of neutral chloride- Every¬ 
thing else is virtually absent—inorganic phosphate, or¬ 
ganic phosphorus, both inorganic ash and organic sol¬ 
ids, and those several components indicated by the 
Biuret, Hopkins-Cole, and Molisoh tests- The specific 
gravity is estimated to be 1.001, and the freezing point 
depression slightly over 0.6° C, very slightly hyper¬ 
tonic (16). 

I recognize that mathematical extrapolation of 
physiological data is in general a highly precarious 
procedure, but since in most of the present instances 
the experimental data approach close to the intercept 
values, the range of extrapolation is very short and I 
believe that we may accept this mathematical tech¬ 
nique with considerable confidence. An effort to re¬ 
fute our results has been made by Liu, Yuan, and Lim, 
by treating the data mathematically in a different way 
(23). However, some of their inferences have al¬ 
ready been disproved by Gray and by ourselves, and 
the remainder still await confirmation. Also, Gray 
(9) has reported evidence to indicate that the parietal 
secretion is free of sodium but contains potassium at 
a constant concentration averaging slightly above 7 
mi*. This is in conflict with our finding of neutral 
chloride concentrations as low as 3-5 rnM in several 
specimens which we analyzed, and the discrepancy 
still awaits clarification. 

All of the foregoing evidence, therefore, Jeads to the 
conclusion that the fluid normally secreted by the pa¬ 
rietal cells is a very slightly hypertonic solution of 
virtually pure HC1, having a titrimctric acidity 
around 0.17 N and a pH around 0.87. It contains ex¬ 
tremely little if any ash or organic solids of any 
kind, and its composition is practically independent of 
its rate of formation, the intensity of the stimulus, 
and probably even the character of the stimulating 
agent. The combined acidity, neutral chloride, in¬ 
organic phosphate, and various organic substances in¬ 
variably encountered in mixed gastric juice all derive 
from nonacid buffer-containing secretions: pepsin, 
mucuB, the hypothetical mucoid or dilution secretion, 
and even small amounts of transudate which enters the 
pouch from the interstitial spaces. It is this mixture 
of nonacid buffer-containing fluids that I have desig¬ 
nated the “nonacid component” of the gastric juice 

m. 

Now let us return to our main problem of how the 
acid secretion is made, and particularly how it is sep¬ 
arated from the other solutes in the cytoplasm. If 
the secretion contains only HC1, and that at a nearly 
isotonic concentration, there is only one answer to 
this question that I can see (19). I believe we must 
accept the parietal cell as the source of this secretion, 
if only because of the evidence of Linderstrom-Lang 
and his associates. Then, somewhere in this cell, there 


must be a. membrane which is permeable to water, 
hydrogen ion, and the halide ions, but to essentially 
nothing else. 1 say halides genetically rather than 
chloride ion alone, because bromide and iodide, when 
injected into the bipod stream as sodium salts, also 
appear in the gastric juice as HBr and HI in place of 
part of the HC1. The existence of such a uniquely 
specific membrane is not difficult to conceive of, in the 
light of what we already know about semipermeable 
membranes in general. It may constitute part of the 
outer cell membrane or the walls of the intracellular 
canalieuli, which several microscopists believe to be 
artifacts but which have been accepted by others on 
reasonably good evidence. 

Such a membrane must exist in order for the cell 
to effect a complete separation of hydrogen ion from 
all the metal cations. So far as I know, the other 
theories about HOI formation make no attempt to ex¬ 
plain this quantitative separation, although it is one 
of the most important steps in the process. The sev¬ 
eral theories that postulate the secretion of a neutral 
chloride which undergoes hydrolysis after it leaves the 
cell predicate a reabsorptiofi of ammonium hydroxide 
or of an alcohol of high molecular weight in the neck 
of the gastric gland, but not of the HC1. If such a 
differential reabsorption is possible, then I suppose 
sodium ion and the other cations can also be reab¬ 
sorbed under these circumstances. But how can the 
H ion, which possesses the highest ionic mobility 
known in aqueous solution, not be able to penetrate a 
membrane at all when the other cations, which possess 
considerably lower mobilities, are able to penetrate it 
completely f I think this premise of postsecretory 
hydrolysis is contrary to all current physicochemical 
thinking on the subject. 

Let us therefore postulate the existence—as part of 
the parietal cell—of a membrane which is pertneable 
only to water, H ion, and chloride or related ions. 
Then, consider what happens when some intracellular 
change takes place which energizes the cell to excrete 
water (Fig. 4), Borne of this water moves out from 
the cytoplasm, through the cell membrane, and into 
the interstitial spaces. In so doing it takes with it 
the by-products of cellular activity and metabolism, 
along with the usual electrolytes, because the outer 
membrane of the parietal cell may be expected to 
resemble that of any other cell in this respect. But 
some of the water must also be forced out through the 
specifically permeable membrane of the intracellular 
canaliculus. In order to keep the osmotic work at a 
minimum—an invariable thermodynamic requirement 
in such a situation—the latter water will be accom¬ 
panied by whatever solute is able to penetrate this 
membrane, that is H ion and Cl ion. So even though 
the hydrogen ion concentration of the cytoplasm is ex- 







Fig. 4. Schematic representation of the process of HC1 
formation In the parietal cell of the stomach. The chemical 
reaction at the wall of the Intracellular canaliculus may be 
written as follows; where B represents the usual cations : 

BC1 + HaO-> HC1 + BOH 

f H*CO* f BHCO* 

BOH + { BH,PO< -» H*0 + { BtHPO* 

1 etc. [ etc. 

The over-all energy requirement of the process may be di¬ 
vided into the following components: 1) chemical work (In 
the cytoplasm and Interstitial fluid) ; 2) electrical work (at 
the canalicular wall) ; 8) mechanical work (from the In¬ 
tracellular canaliculus to the open end of the gland tubule) ; 
4) osmotic work (at the canalicular wall). Since the parie 
tal secretion Is essentially isotonic with the parietal cyto¬ 
plasm, the osmotic work Is zero. 

ceedingly low, some of it will be transported across 
the membrane, into the lumen of the canaliculus in the 
form of HC1. Since these ionic movements will leave 
OH ion and Na ion behind, this reaction is in essence 
a hydrolysis effected by means of a membrane of 
highly specialized character, i.e., a membrane hydrol¬ 
ysis. 

The HC1 solution, passing through the membrane, 
may be an isotonic or a hypotonic solution, which sub¬ 
sequently undergoes concentration in the collecting 
tubule of the gland until it reaches osmotic equilib¬ 
rium with the adjacent interstitial fluid. But the 
latter process would require two specifically permeable 
membranes instead of one, and a dual expenditure of 
energy—first to concentrate the isotonic cytoplasm by 
removal of a hypotonic HC1 solution, and second to 
concentrate the latter by reabsorption of water. 
Hence it seems more likely that the HC1 will tend to 
come out of the cell in the first place at a concentra¬ 
tion which is isotonic with the parietal cytoplasm, and 
so keep the osmotic work of this process equal to zero 
and simultaneously obviate a secondary concentrating 
process'in the collecting tubule. This isotonic con¬ 
centration of HC1 would be about 165 mu, except 
that probably the intracellular fluid is itself slightly 
hypertonic with respect to the blood stream, for rea¬ 
sons that I cannot go into here. Hence we may ex- 
post to find a value somewhat above 155 mu, which 
explains the limiting value of 105-170 m* actually 


found in animal experiments, and the slightly hyper-» 
tonic freezing point depression. In short, granted the 
premise of a specifically permeable membrane, the 
logic of the situation seems to necessitate the secretion 
of a virtually pure HC1 solution, free of all other 
cytoplasmic components, and possessing a constant 
concentration somewhat greater than 155 mu. 

Actording to this picture, the acid is formed in or 
immediately adjacent to the canalicular wall, and its 
anion derives directly from the sodium and other 
chlorides of the cytoplasm. The immediate source of 
H ion appears-to be the water, so that the reaction for 
this process may be written as a membrane hydrolysis 
of, for example, NaCI to HC1 and NaOH. But the 
instant such alkali is liberated it will be neutralized 
by the several buffer systems present in cytoplasm. 
Some of the carbonic acid will shift to base bicar¬ 
bonate, and a small amount of the latter will shift to 
carbonate; primary phosphate will be converted to 
secondary phosphate; and some of the intracellular 
proteins may be converted to alkali proteinate. The 
addition of NaOH to these buffer systems may pos¬ 
sibly shift the intracellular pH a little to the alkaline 
side; if so, this will soon be readjusted by the excre¬ 
tion of the alkalinized buffers into the interstitial 
spaoes, along with the products of cell metabolism. 
The excess NaOH, of course, will ultimately be ex¬ 
creted by the kidneys, after it has been balanced by 
reabsorption of the HC1 in the small intestine. 

Thus the membrane hydrolysis theory actually in¬ 
corporates the theories of Maly, Bergcim, Bunge, and 
Robertson as essential but subordinate aspects of the 
over-all process. Even Davenport’s carbonic anhy- 
drase may play a role, in spite of his recent negation 
of it; the discrepancies between the magnitudes of 
certain inhibitory actions on enzyme activity and acid 
production may have no significance because the cat¬ 
alyzed formation of carbonic acid is only one of a 
group of reactions which are secondary to the pri¬ 
mary actions of water transport and membrane hy¬ 
drolysis, How we can bring Glick’s ammonia-urease 
system into the picture, I cannot see as yet, but it will 
not surprise me at all if this should prove to be one 
of the melange of intracellular reactions. 

It is noteworthy that there is no evidence for a 
storage of concentrated neutral chlorides inside the 
cell. The movement of chloride ion from the blood 
stream and interstitial fluid to the parietal secretion 
appears to occur with great rapidity. As judged by 
the appearance of intravenously injected sodium iodide 
or radioactive chloride in the gastric juice, reported 
by other investigators, this entire passage from arte¬ 
ries to lumen of the stomach may require less than 
two minutes for its initiation. Evidently the cells are 
not susceptible to fatigue for any significant length of 
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time. As long as there is an adequate supply of wa¬ 
ter and chloride, and an adequate removal of waste 
products, acid production will continue even though 
other tissues in the body may give evidence of salt 
depletion. This has been demonstrated by other work¬ 
ers, with animals kept on restricted salt intake for 
prolonged periods of time. 

One might speculate at length about the cellular 
mechanics and energy requirement of the process of 
HC1 formation, but as yet wc have little evidence to 
work with. Although the osmotic work is zero, en¬ 
ergy is certainly being expended in other forms— 
chemical work for hydrolysis and other reactions 
within the cytoplasm, electrical for transporting the 
solution across the canalicular wall, and mechanical 
for driving fluid out of the cell and through the in¬ 
tercellular canal and tubule of the gland proper. 
There is already some evidence that the energy can be 
supplied by glucose, but steps in the conversion arc 
still a mystery. The entire process may be viewed as 
starting with the movement of water. Then fluid may 
be forced out because of local changes in hydrostatic 
pressure, or a pulsatory contraction of some special¬ 


ized part of the cell, or even an intermittent reversible 
imbibition of an intracellular macromolecule, but these 
ideas are all pure fantasy at the present time. 

And so I give you a picture of what may be hap¬ 
pening in the parietal cell when it manufactures hy¬ 
drochloric acid. I offer this, however, not ag a state¬ 
ment of all that unquestionably occurs, but rather as 
a hypothesis for further investigation, and one which 
should be fruitful of many new approaches to the 
problem. The fact that this mechanism leads of neces¬ 
sity to many of the other theories which have already 
been advanced, and incorporates them as parts of it¬ 
self by logical necessity, makes me hopeful of its es¬ 
sential validity. We are probably still far removed 
from knowing what kind of monkey wrench can be 
tossed into the parietal machinery for the therapy 
of ulcer disease, but I hope that this picture of its 
mechanism will make some contribution toward a 
simple medical solution of this most vexing clinical 
problem. 

Based on the second annual Phi Delta Epsilon lecture, 
delivered at the University of Minnesota Medioal School, 
November it, 1948. 
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The Inheritance of Sickle Cell Anemia 1 

James V. Neel 

Heredity Clinic, Laboratory of Vertebrate Biology, University of Michigan, Ann Arbor 


I F A DROP OF BLOOD is collected from each 
member of a randomly assembled series of Amer¬ 
ican Negroes and sealed under a cover slip with 
vaseline, to be observed at intervals up to 72 hours, 
in the case of about 8 percent of the individuals com¬ 
posing the series a high proportion of the erythrocytes 
will be observed to assume various bizarre oat, sickle, 
or holly leaf shapes. This ability of the erythrocytes 
to “sickle,” as the phenomenon is commonly described, 
appears to be attended by no pathological consequences 
in the majority of these individuals, and they are 
spoken of as having sicklemia, or the sickle cell trait. 
However, a certain proportion of the individuals who 
sickle are the victims of a severe, chronic, hemolytic 
type of anemia known as sickle cell anemia. This pro¬ 
portion has been variously estimated at between 1:1.4 
(8) and 1:40 (4). The essential difference between 
sicklemia and sickle cell anemia appears at present 
to depend at least in part upon the relative ease with 
which sickling takes place. In sickle cell anemia the 
erythrocytes may frequently sickle under the condi¬ 
tions encountered in the circulating blood, whereas 
in sicklemia sickling does not usually occur under 
these conditions ( 12 ). This difference has been at¬ 
tributed to a greater tendency of the erythrocytes of 
sickle cell anemia to sickle when the 0 2 -tension is 
reduced, although recently this viewpoint has been 
challenged ( 13 ). Perhaps because of this difference— 
although there may be other factors involved, auch as 
the aniso- and poikilocytosia to be observed in some 
individuals with the disease, and a greater resistance 
to hemolysis of trait cells when sickled than sickle cell 
anemia cells when sickled—the erythrocytes of a 
patient with sickle cell anemia have a greatly short¬ 
ened life span, both in the individuals with the disease 
and in normal persons who have been transfused with 
the cells of sickle cell anemia patients, whereas sick¬ 
lemia erythrocytes have an normal life span (3, U). 

The ability of the red cells to sickle was observed 
to have a genetic basis not long after sickle cell anemia 

1 This Investigation was supported In part by a grant from 
the U. 8. Public Health Service. The study has been pos¬ 
sible only through the generous cooperation of the Anemia 
Clinic of the Children’s Hospital of Michigan, Detroit, Mich)- 
«sn, The University Hospital of the University of Michigan, 
Ann Arbor, Michigan, and the Wayne County General Hos¬ 
pital and Infirmary, Elotae, Michigan; all three Institutions 
have made their case records of sickle cell anemia freely 
available. It Is a pleasure to acknowledge my Indebtedness 
to Mrs. Marion Weyranch for technical assistance, and to 
Mrs. Laura Williams for case work. 


wa| recognized as a clinical entity (5). On the basis 
of a sttody of one large family, Taliaferro and Huck 
(15) postulated that the ability to sickle was due to 
a single dominant gene. At that time the clinical dis-- 
tinction between sicklemia and sickle cell anemia hud 
not been clearly drawn, and the inference was that 
this gene was more strongly expressed in some indi- 
' viduale (sickle cell anemia) than in others (sicklemia). 
This has remained the accepted hypothesis up to the 
present time. Several years ago the author, in a 
review on the clinical detection of the genetic curriers 
of inherited disease ( 9 ), was led to suggest an alterna¬ 
tive hypothesis—namely, that there existed in NegTo 
populations a gene which in heterozygous condition 
results in sicklemia, and in homozygous condition in 
sickle cell anemia. This hypothesis has a counterpart 
in the relationship which has been demonstrated to 
exist between thalassemia major and minor (10, 16). 
Recently the opportunity has arisen to give this 
hypothesis a thorough test. 

There exist a number of arguments permitting a 
critical decision between the two hypotheses. The 
present preliminary note will consider only one of 
these arguments. If the homozygous-heterozygous 
hypothesis is correct, then both the parents of any 
patient with sickle cell anemia should always sickle 
(barring the occasional role of mutation; see below). 
If, on the other hand, the disease is due to ft domi¬ 
nant gene with variable expression, only one parent 
need sickle, although occasionally, due to the chance 
marriage of two sicklers, both parents may sickle. 
In calculating the exact proportion of sicklemia to be 
expected among the parents of individuals with sickle 
cell anemia according to the dominant hypothesis, cer¬ 
tain assumptions must be made. To the best of the 
author's knowledge, the question of the phenotype of 
the homozygote has never been raised by those who 
have accepted the variable dominant hypothesis of 
sickle cell anemia. For purposes of calculation we 
. shall assume that under the variable dominant hy¬ 
pothesis all homozygotes have sickle cell anemia— 
alternative assumptions, such as intra-uterine lethal¬ 
ity, are possible. We shall further assume that one in 
fifty heterozygotes also develops sickle cell anemia. 
Finally, we shall equine on the basis of the clinical 
data that the fertility of those with sickle cell anemia 
approximates 20 percent of normal* with the result 
that only a few individuals with this disease—so few 
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that they may be disregarded in so rough a calcula¬ 
tion — have one or both parents who are likewise 
affected. With these assumptions we may calculate, 
as shown in Table 3, that the proportion of sickling 

for the sickling phenomenon are known to be variable; 
it is felt that the experience quoted may be explained 
in terms of lack of familiarity with the techniques 
necessary to elicit sickling. 

TABLE 1 

Calc pl at ion of tub Proportion of Sickling to Be Expected among the 
Cum, Anemia according to the Variblb Dominant 

Parents of Individuals with Sickle 
Hypothesis* 

Type of 
marriage 

Frequency of 
marriage 

Frequency of offspring of 
the indicated genotype 

Sickle cell anemia patients 

8k Sk 8k ek sk Bk 

Proportion In Proportion among 

general total anemia 

population patients 

Oih* Hick It* r pin hu t 
(8k »k x ek Bk) 

Two siekler parents 
(8k Bk x 8k Bk) 

2 x 0.08 x 0.92 = 0.1472 

0.08 x 0.08 * 0.0O64 

. 0.0786 0.0786 

0.0016 0,0032 0.00X6 

0.02 x 0.0736 0.4698 

® 0.001472 

0.0016+ 0.5307 

(0.02x0.0082) 

« 0.001664 

Total 




0.008136 1.0000 


* TUt> riHHiimption 1b made that all Individuals homozygous for the sickling gene (8k) develop sickle cell anemia, as do 
1 In 50 persona heterozygous for the gene, and further that individuals with sickle cell anemia reproduce so Infrequently 
lhnt no significant error Is Introduced by their omission. 

Expected proportion of sickling parents® (proportion of patients having one parent slckler) x (proportion of slcklers 
among these parents) + (proportion of patients having both parents slcklers) x (proportion of slcklers among these parents) 
- 0.4603 x U, + 0.0307 xl = 0.700. 


among the parents of individuals with sickle cell 
anemia should be 0,705. If one assumes that more 
than one in fifty of the heterozygotes develop sickle 
coll anemia, or that the homozygote is lethal, then the 
proportion of sickling parents should be even lower. 

Thus far we have tested 42 parents of 29 patients 
with sickle cell anemia for the occurrence of sickling. 
In 13 instances both parents were studied and in 16, 
only one. Testa have been conducted in a variety of 
ways; especial reliance has been placed on a com¬ 
bination of the techniques described by Scriver and 
Waugh (11) and Hansen-Pruss (7), whereby a tour¬ 
niquet is applied to a finger for 3-5 minutes, and 
then a drop of static blood from the finger is placed 
on a slide to which a small amount of Janus green or 
methylene blue has been added, and it is quickly cov¬ 
ered with a cover slip which is sealed with vaseline. 
Observations are made at intervals up to 72 hours. 
Five preparations have been made for each individual. 
Every parent tested to date has sickled. This is the 
result expected from the homozygous-heterozygous 
hypothesis outlined above. On the other band, the 
probability of the occurrence of such a number of 
positive parents under the variable dominant hypothe¬ 
sis is (0.705)« or 0,000013. 

There are to be found in the literature a number of 
reports where one or both parents of a child with 
sickle cell anemia have been tested and found not to 
siekle (review in reference 9). The results of testa 


The approximate frequency of the gene responsible 
for sickling in the American Negro (p) may be deter¬ 
mined from the equation 2 p (1-p) =0.08. Solution 
of this equation yields a p value of 0.042, from which 
the incidence at birth of this chronic, disabling, and 
fatal disease among American Negroes may be placed 
at (0.042) a = 1.8 per 1000.* The ratio among Negro 
births in the United States of those with sicklemia to 
those who will develop sickle cell anemia should there¬ 
fore be approximately 80:1.8 = 44:1; in the Negro 
population as a whole the ratio of sicklemia: sickle 
cell anemia is significantly higher because of the 
greater mortality among those with sickle cell anemia. 
In Africa, the incidence of sickling has been reported 
to vary from approximately 12 percent in Northern 
Rhodesia (1) to 17 percent in the Gold Coast Negroes 
and 19 percent in natives of Nigeria and the Com&r- 
oons (6), This would correspond to a gene frequency 
of approximately 0.004-0,100, and a frequency of the 
homozygote of 4,1-11.2/1000, The complex and fasci¬ 
nating problems in gene dynamics raised by frequen¬ 
cies of this order will be dealt with in another paper. 

In a genetic situation such as appe&Ts to obtain 
here, where the heterozygote, who may be termed the 
genetic carrier of the disease, may be readily distin- 

■The correct formula ti p+(l-a)p» where a-the 
mean coefficient of inbrstdlnir. The value of a fpr the Ameri¬ 
can Negro ie unknown, but probably quite email, in the 
neighborhood of 0.0005. For present purpoeee the value of 
p 1 is a sufficiently close approximation to y. 
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guiahed from normal and from the homozygote, it is 
possible to prediet with a high degree of accuracy 
which marriages should result in homozygous indi¬ 
viduals—in this case, children with sickle cell anemia. 
Since (homozygous) individuals with sickle cell anemia 
either die young or, if they reach maturity, have a 
greatly lowered fertility, the vast majority of cases 
of the disease are the issue of marriages between two 


(heterozygous) persons with the sickle cell trait* In 
the absence of marriage between individuals whose* 
erythrocytes exhibit the sickling phenomenon, the fre¬ 
quency of the homozygote would greatly decrease, and 
sickle cell anemia would tend to disappear, with only 
a very rare case arising as a result of mutation in a 
norma) individual married to a person homozygous or 
heterozygous for the sickling gene. 
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TECHNICAL PAPERS 


New Sectioning Techniques for Light 
and Electron Microscopy 

Sanford B. Newman, Emil Borygko, and Max Swerdlow 
National Bureau of Standards 

The application of the electron microscope to many 
biological problems has been seriously hampered by the 
lack of a rapid practical method of cutting uniformly 
thin sections having adequate area and integrity of struc¬ 
ture. Because of the very slight penetrating power of 
the beam in commercial „ electron microscopes and the 
great relative depth of Held involved, specimen structure 
is difficult to interpret when sections are over a fraction 
of a micron in thickness. 

Although various solutions to this problem have been 
described in the literature, their success and general ap¬ 
plication have been limited! A departure from classical 
approaches to the problem has been the high speed micro¬ 
tome (£, J). However, this precision equipment is not 
only expensive and complicated but produces a low per¬ 
centage of usable sections. Moreover, the sections are 
40 iio rapidly and abundantly that selection is time-con¬ 
suming and uncertain. Several workers ( 1 , 8 ) have 
described a technique which uses the thinnest portions 
of wedge-shaped sections foT electron microscopy. Their 
methods, however, have been laborious and difficult to 
reproduce. 


The most recent effort has been that of Pease and 
Baker (4) t who have used standard histological tech¬ 
niques, to embed tissue in collodion and paraffin. For 
sectioning, they altered a Spencer rotary microtome so 
that the unit of advance was reduced to approximately 
one tenth the calibrated value. The microtome was then 
reported to produce sections as thin as 0.1 p. Many 
workers, however, have had trouble in using their tech¬ 
nique, mainly because of the exacting demands made on 
the microtome-advancing mechanism. Another disad¬ 
vantage has been the difficulty of making very thin sec¬ 
tions with the standard embedding media, such as paraf¬ 
fin and collodion. 

In recognition of this problem, a promising now de¬ 
velopment in ultramicrotomy is presented. It consists of 
a method for obtaining extremely thin sections, involving 
the use of & methacrylic resin as an embedding medium, 
a thermal expansion device for advancing the specimen 
in a commercial microtome, and metallic shadow-casting 
- for increasing observable detail in some of the sections. 
These techniques form the basis of a new method for 
producing numerous thin sections suitable for obtaining 
transmission images at the higher magnifications in the 
conventional light, phase-contrast, and electron micro¬ 
scopes . Polymerisation of a-butyl methacrylate provides 
a rapid and simple means for embedding the fixed bio¬ 
logical material in a solid resin. This gives an optically 
deaf matrix from which the sections are cut, one at a 
time. Smooth, continuous advance of the embedded 






July 15* 1949* Vol. 110 


SCIENCE 


67 



Fig. 1. Disassembled thermal expansion apparatus: (1) 
and (2) needle valve for carbon dioxide gas, (3) brass ex¬ 
pansion chamber tapped for the fittings, (4) standard 3/8- 
in. brass pipe plug with cavity in face to seat embedded 
tissue, and (5) tissue in the clear resin with gelatin capsule 
removed. 

specimen toward the knife is effected by the thermal ex¬ 
pansion of a brass specimen holder, which permits the 
Spencer microtome, with its advancing mechanism disen¬ 
gaged, to cut ultrathin sections having uniform thickness, 
large area, and integrity of tissue structure. 

Before being embedded in the polymer, the tissues are 
fixed and then dehydrated in an ethyl alcohol series by 
the usual cytological techniques. From absolute aleohol 
they are transferred to a solution containing equal vol¬ 
umes of absolute alcohol and pure monomeric n-butyl 
methacrylate from which the- inhibitor has been removed. 
After about 1 hr in the alcohol-monomer mixture, the 
tissues are put in the monomer alone for an equal period. 
To ensure removal of the alcohol, they are then placed 
in two additional changes of monomer for at least 1 hr 
in each. 

No. 00 gelatin capsules are convenient embedding 
molds. The main body of the capsule is set upright in 
a wooden bloek or other base and filled with the monomer, 
to which has been added 1% (by weight) of a catalyst 
(2,4-dichlorobensoyl peroxide). After the tissue is placed 
in the mixture, the capsule lid is slipped on to retard 
evaporation, and the assembled capsule is placed in an 
oven kept at a temperature of 45° to 50* C. For even 
heating, the capsules are suspended by strips of cello¬ 
phane tape and good air circulation is maintained in the 
oven. 

At the end of 6-8 hr the monomer is polymerised into 
a solid matrix containing the tissue embedded at the bot¬ 
tom of the dear plastic. An additional period of sev¬ 
eral hours at this temperature will ensure complete cure. 
After soaking in water, the gelatin capsule may be peeled 
from the resin. 

An inexpensive device is used for holding and advanc¬ 
ing the embedded specimen (Fig. 1). It Is essentially a 
brass block containing a hole threaded at one end to re¬ 
ceive a standard l-in. brass pipe plug. A cavity drilled 


into the face of the plug provides a seat for the embedded 
specimen. Behind the plug is a needle valve, which ad¬ 
mits compressed carbon dioxide. As the gas undergoes 
a large change in volume, it cools and contracts the as¬ 
sembly. Stopping or reducing the flow of gas allows 
the apparatus to approach room temperature again and 
thus provides continuous advance of the embedded tissue 
toward the cutting edge. 

In practice, the embedded specimen is first cemented 
into the mounting block with a mixture of pure gum 
rubber and paraffin. Then, with the device damped in 
the jaws of the microtome head, the entire assembly is 
cooled below room temperature. Upon the appearance 
of a thin layer of frost on the metal, the knife is ad¬ 
justed so that the specimen just misses it on the cutting 
stroke. The specimen is then mechanically advanced at 
2- or 3-p, increments until the first slice is made. At 
this point the mechanical advancing mechanism of the 
Speneer rotary microtome is disengaged by setting it to 
zero and the gas flow is reduced or stopped. After a 
few seconds the specimen can be cut again. Because the 
specimen is advancing continuously, a quick chopping 
stroke involving one complete revolution of the hand 
wheel is necessary. With a little experience one can 
soon judge the necessary time interval between cuts. 
Some control of the rate of specimen advance can be 
obtained by bleeding the carbon dioxide at various re¬ 
duced rates into the expansion chamber. 

Although polybutyl methacrylate has excellent cutting 
properties, the sections usually are found to be somewhat 
folded. They are lifted from the knife with a dry 
camel's hair brush, picked up with a dissecting needle, 
and placed on a water surface warmed on a hot plate to 
about 35° C. After a period ranging from a few min¬ 
utes to an hour or more, many will flatten out on the sur¬ 
face and exhibit bright interference colors. These sec- 
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tions are then floated onto clean microscope slides and 
allowed to dry flat. Sections prepared for phase con- 
trast microscopy are placed in acetone or toluene for 
about i hr to remove the matrix and are mounted in 
Canada balsam. For ordinary light microscopy the 
matrix is dissolved off and the section stained in the 
usual way. 



FlO. 3. Dog kidney, tubules and glomerulus, fixed in Zen- 
ker-formol. Electron micrograph, total magnification x 1300. 


In preparing material for the electron microscope, the 
sections are floated from the water onto clean glass slides 
and dried flat. The matrix is then dissolved out by plac¬ 
ing the slide in acetone, toluene, or amyl acetate. A 
dilute solution of collodion in amyl acetate is allowed to 
flow over the slide bearing the tiashe, which is then per¬ 
mitted to dry at room temperature. The collodion film 
containing the section is floated from the slide onto 
water, and the specimen-mounting screens of the electron 
microscope are placed ever the area of the film contain¬ 
ing the section in the usual manner. 

Detection of structural details in some of the tissues 
was greatly improved by metallic shadow casting of the 
sections as described by Williams and Wyckoff (€). 
This process, of wide application in electron microscopy, 
produces a three-dimensional aspect as well as greater 
contrast in the structural details of the tissue. 

The suitability of the sectioning technique for general 
use was determined by preparing a variety of biological 
tisanes in several different fixatives (Figs. 2 and 3). Al¬ 
though this new method for obtaining very this sections 
has given satisfactory results, it possesses certain limita¬ 
tions. Knife sharpness, for example, is of vital impor¬ 
tance. However, the tilt q t the knife during sectioning is 
not particularly critical. The greatest chance for failure 
appears to Ue in the polymerisation of the embedding 
mass. Use of low temperature catalysts and maintenance 
of a curing temperature of 45° to 50* 0 will usually pre¬ 


vent the formation of insoluble resins. Occasionally tie; 
sues are injured during the polymerisation reaction and 
such tissues, which are easily detected, can be promptly 
discarded. For this reason, the use of fixing solutions 
with good hardening properties is recommended. While 
fixation artifacts remain problems for serious considera 
tlon, the now technique provides an inexpensive, practical 
method f)pr producing ultrathin sections of tissue in al¬ 
most m routine fashion. Such a procedure should be of 
decided advantage In those fields of biology, medicine, 
and industrial technology which are concerned with the 
microstructure of materials. 
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Protection of Lupulon and Humulon 
by Ascorbic Acid 

H. David Michaner and A. A. Andersen 

Western Regional Retearcb Laboratory' 

Albany , California 

Lupulon and humulon, two antibiotics of known struc¬ 
ture (J, 4) obtainable from hops (5), are of special in¬ 
terest because of their activity against Mycobacterium 
tuberculosis (1). Both are active in vitro; lupulon is 
active in vivo as well. Both show activity against sev¬ 
eral acid-fast organisms (1), against other Gram-positive 
bacteria (4), and against fungi (£). They lose activity, 
in part by oxidation, when boiled in aqueous solu¬ 
tions (6). 

The possibility of increasing the stability of these sub¬ 
stances was investigated for several reasons. It is de¬ 
sirable to have a method by which they can be heat-steri¬ 
lised in water solution. Also, it has been noted that 
their antibiotic activity in nutrient media is often tem¬ 
porary, perhaps because of instability at incubation tem¬ 
perature. In brewing, humulon suppresses the growth 
of certain undesirable bacteria (5). However, nearly 
all of the lupulon and much of the humulon is inactivated 
during bolting of the beer wort (7). If these antibiotics 
could be adequately stabilised, their effectiveness would 
increase and their use might be extended to foods. 

Humulon and lupulon were prepared as previously de¬ 
scribed (f). For preparation of aqueous solutions, 40 
mg of the antibiotic was first dissolved in 1 ml of warm 
propylene glycol. Phosphate buffer (0.015 n, pH 5.5) 

1 Bureau of Agricultural ana Industrial Chemistry, Agri¬ 
cultural Research Administration, V. S, Department of 
Agriculture. 
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was then added to give concentration* of 4 ppm of lupu- 
Ion and 40 ppm of humulon, Appropriate controls 
showed that this amount of propylene glycol did not 
affect the results described below. 

These solutions, prepared with and without ascorbic 
acid, were adjusted to pH 6.5 and heat-sterilized as 
shown in Table 1. Controls were held at room tempera¬ 
ture. An additional set was buffered at pH 8.6 with 
0.015 M phosphate, similarly treated, and subsequently 
adjusted to pH 6.5. 

The antibiotic solutions were then added to tubes of 
nutrient dextrose broth to give lupulon concentrations of 

TABLE 1 

Protection ok Lufolon by Ascorbic Acid During 
Hbat Sterilization 

Concentration In ppm* 
required for complete 
Inhibition of 
Staphyloc occuh aureus 

Heat treatment for 20 hr 



No 

0.1% 

1.0% 


aacorbk* 

ascorbic 

ascorbic 


acid 

acid 

acid 

None . 

1 

1 

0.5 

Flowing steam, 10 min . , , 

>8 

2 


Autoclave, 10 !b. 10 min . 

>ft 

1.5 

1 

Autoclave, 15 lh. 15 min . 

. . 

*i 



•Partial (roughly 50%) Inhibition way usually obtained 
by one-fourth of this concentration. 


2, 1, 0.5, and 0.25 ppm; and humulon concentrations of 
20, 10, 5, and 2.5 ppm. Each tube was then inoculated 
with one drop of a 1-day-old culture of Staphylococcus 
aureus (A.T.C.C. 6538 P) grown on nutrient dextrose 
broth. The tubes were examined after 20 hr, and visible 
turbidity was token as a criterion of growth. 

Lupulon solutions containing no ascorbic acid always 
lost their activity when heated, while those containing 
ascorbic acid retained a large part of their activity 
(Table 1). These data represent samples bufferod at 
pH 6.5 but similar results wore obtained with the samples 
sterilized at pH 8.6. 

Humulon solutions (buffered at pH 6.5 or 8.5) did not 
lose their activity when steamed for 30 min or autoclaved 
at 10 lb pressure for 10 min. Humulon was roughly 
10% as active as lupulon against 8. aureus, giving com¬ 
plete inhibition at 10 ppm and partial inhibition at 6 
ppm. 

These experiments were run with lupulon and humulon 
in sufficiently low concentration to permit complete solu¬ 
bility in the buffered solutions. When their concentra¬ 
tions (in pH 6*5 buffer) were increased 10-fold to 40 
and 400 ppm, respectively, they were partly in solution 
and partly colloidally dispersed in the aqueous phase (al¬ 
though a higher solubility has been reported for other 
humulon preparations [8]). TJnder these conditions the 
ascorbic add gave little or no protection. Further at¬ 
tempts to stabilize such dispersions were not made. 

For comparison with heat sterilisation, small samples 
of solutions containing 4 ppm of lupulon or 46 ppm of 


humulon were sterilized by passage through a “UF” 
fritted glass filter. Both lupulon and humulon solutions 
lost one-half to three-fourths of their activity during this 
process, and this loss was not prevented by the addition 
of ascorbic acid to the solutions. 

To determine whether ascorbic acid protects lupulon 
and humulon during incubation, tubes were prepared 
containing these antibiotics and ascorbic acid as shown 
in Table 2. The medium was nutrient dextrose broth 
(pH 6.5). The ascorbic acid solutions were brought to 
this pH just before addition to the medium. The tubes 
were inoculated with S. aureus and incubated for 20 


TABLE 2 

ProtbctIon or Lupulon and Humulon by 
Ascorbic Acid Dubinq Incubation 



Coiicen- 

Duration In days of complete 
Inhibition of 
Staphylococcus aureus 


In ppm 

No 0.01% 

ascorbic ascorbic 
add add 

0.05% 

ascorbic 

add 

0.25% 

ascorbic 

add 

Lupulon .... 

2 

1 

>20 

8* 

>20 

“ .... 

J 

l 

3 

5 

>20 

“ .... 

0.5 

0 

O 

1 

5 

“ .... 

0.25 

0 

0 

O 

1 

Humulon . . . 

20 

9 

0 

>20 

> 20 

" ... 

10 

1 

1 

2 

T 

“ ... 

5 

0 

0 

0.5 

1 

•• 

2.5 

0 

0 

0 

1 


* Tho reason for this Irregularity is unknown. 


days; during this time they were examined at intervals 
for visible turbidity. 

At each concentration of antibiotic, the time required 
for growth to appear (or the duration of antibiotic ac¬ 
tivity) increased with increasing concentration of as¬ 
corbic acid (Table 2). Presumably, this relationship was 
due to protection of lupulon and humulon by ascorbic 
acid, since ascorbic acid itself did not inhibit growth. 

This protective effect Is even evident after 1 day. The 
lowest concentrations of lupulon and humulon to give 
complete inhibition for 1 day without ascorbic acid were 
1 anti 10 ppm, respectively. In the presence of 0.25% 
ascorbic acid these were reduced to 0.25 and 2.5 ppm 
(Table 2). Without ascorbic acid, part of the antibiotic 
was apparently inactivated before a significant amount 
of growth could take place. 

Since these antibiotics are known to be readily oxi¬ 
dized (5), a tentative explanation of these results is that 
ascorbic acid has retarded their oxidation. 
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An Unusual Lacustrine Delta 

C. N. Savage 

Kent State Univertity , Kent, Ohio 

There are several possible approaches to the problem 
of land form classification. One of the most popular 
methods involves the gen tic classification of forms that 
will be representative of types actually developed in the 
rocks and materials of the earth's surface. An attempt 
is made to establish the particular conditions which 
operate to produce similar land form types. Nature, 
however, is a great nonconformist and new types or 
variations of an old theme are not unusual in the field. 
Occasionally a particular land form expresses a contrary 
mood of nature, resulting in a truly unusual set of coil* 



Fig. 1. 

ditions. It is still possible to classify the type in most 
cases, but genesis may lie in violation of the usual ex¬ 
planation of origin. 

One ouch unique case is found in Androscoggin Lake 
near Leeds, Maine, about 2 miles southeast of Wayne. 
A lacustrine delta nearly 1.5 miles long and 0.25 of a 
mile wide is being built at the head waters of a stream 
called Dead River. Usually, one expects to find a delta 
at the mouth or outlet of a stream; at this locality, 
however, a delta is forming at the opposite end or source 
of the river. 

Throughout much of the year the Androscoggin, one of 
of the larger rivers in Maine, flows south to the Atlantic 
Ocean: Dead River, tributary and outlet of Androscog¬ 
gin Lake, flows northwest and empties into the Andros¬ 
coggin River. On the sketch (Fig. I), arrows indicate 
the direction of flow in the large river and similar ar¬ 
rows marked A, show normal direction of flow in Dead 
River. The difference in elevation between the water in 
Androscoggin Lake and the Androscoggin River is prob¬ 
ably not more than 4-5 ft, and Dead River flows very 


sluggishly. In time of flood and high water on Andro¬ 
scoggin River, a considerable volume of water moves 
into the outlet of Dead River and the direction of flow is 
reversed, as indicated on the sketch map by arrows 
marked B , Water from the larger river then moves into 
Androscoggin Lake. 

Reversal of flow on Dead River occurs generally in 
the spring months, when runoff is high, and large 
quantities of sand and silt are being carried by Andro- 
scoggin River. This load is obtained partly from the 
quantities of sand in the region through which the river 
flows. Surplus water spilling into Dead River—water 
laden with rock material—moves infto the lake, where 
velocity is checked by the standing lake water and the 
load is dropped. This deposition normally occurs in 
similar fashion at the mouths of most streams where 
deltas are being built. In the case of the lacustrine 
delta at Androscoggin Lake, however, nature has played 
one of her pranks and heavy deposition takes place at 
the head or source of Dead River. 

Thermostable Inhibition of Bacterial 
Hyaluronidases by the Serum of 
Normal Human Beings 1 

Robert T. Thompson and France* E. Motes 

Department of Internal Medicine 

College of Medicine of the Univertity of Cincinnati 

Cincinnati, Ohio 

Hyaluroniduse, a mucolytic enzyme, and its substrate 
hyaluronic acid, a complex polysaccharide which is pres¬ 
ent in* the intercellular substance of connective tissue, 
compose an enzyme system which appears to be involved 
in the pathogenesis of various infectious and rheumatic 
diseases ( it, 6). Hyaluronidase is elaborated by various 
bacteria, and is present in spermatic fluid and aqueous 
extract of testicle. Since hyaluronidases are antigenic, 
there is current interest in the investigation of hyaluroni- 
dase inhibition by the serum of normal human beings and 
of patients with infectious disease and rheumatic fever. 
Specific inhibition of pneumococcus hyaluronidase by the 
immune serum of patients with bacteremic pneumococcus 
infections has been reported to be thermostable (7), 
whereas the inhibition of testicular hyaluronidase by the 
serum of normal, nonimmune human beings has been re¬ 
ported to be tbermolabile (I, 3, 4). In contrast to the 
thermolability of the inhibitor of testicular hyaluronidase, 
this report indicates that the inhibitor of pneumococcus 
hyaluronidase in normal human serum is almost always 
thermostable, the inhibitor of staphylococcus hyaluroni- 
dase is usually thermostable, and the inhibitors of CL 
perfringen* and streptococcus hyaluronidases may be 
either tbermolabile or thermostable. 

This study investigated the inhibition of similar test 
strengths of five hyaluronidases by the serum of 50 nor- 

* Supported by a grant from the Robert Gould Research 
Foundation. This article has been published In abstract 
(Fed. Proc. I »40. «. 872). 
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raai human beings who were between 20 and 40 years of 
age. Each serum was tested immediately as it was re¬ 
moved from the clot, and again after it had been heated 
at 56* 0 for SO min. The hyaluronidases used in these 
tests were unrefined filtrates of cultures of type 3 Pneu~ 
mococous , hemolytic Staphylococcus aureus, Clostridium 
perfringent,i beta hemolytic Streptococcus (group A'),* 
and purified bovine testicular hyaluronidase. Twofold 
serial dilutions of each serum were titrated aguinst the 
constant strength of each enzyme. Hyaluronidase in¬ 
hibition was measured by the mucoprotein clot prevention 
test as previously described (7), except that fresh egg 
albumin waa used instead of normal horse serum as the 
protein component of the substrate. With this modifica¬ 
tion of the test, a fourfold variation of serum inhibition 
titer could occur by chance, so that, eightfold variation of 
titer was considered significant. If a 1: 3 dilution of a 
serum did not inhibit an enzyme, inhibitor was considered 
to be absent from the serum. Hyaluronidase inhibition 
by sorum was considered thermostable if heating the 
serum caused no significant fall in the titer. 

Before heating the sera at 56° 0 for 30 min, all inhibi¬ 
tion of the five hyaluronidases by normal sera occurred in 
a serum dilution of X : 48 or less, except that two sera in 
dilution of 1; 192 and four sera in dilution of 1: 96 in¬ 
hibited the pneumococcus hyaluronidase, one serum in 
dilution of 1: 384 inhibited the staphylococcus hyaluroni- 
dase, and one serum in dilution of 1: 90 inhibited the 
streptococcus hyaluronidase. Besults tabulated below re¬ 
veal thermostable inhibition of the five hyaluronidases by 
normal sera: 


TABLE 1 


HynluronldMHC 

tested 

No. of sera 
tested 

No. of inhib¬ 
iting sera 
before heating 

No. of t her¬ 
mostable in- 
bibbing sera 

Pneumococcus 

50 

47 

45 

Staphylococcus 

49 

23 

19 

Cl. perfringens 

50 

16 

10 

Streptococcus 

50 

12 

7 

Testicular 

46 

46 

2 


Tests upon consecutive daily sera of four persons re¬ 
vealed consistent inhibition of the pneumococcus, staphy¬ 
lococcus, and testicular hyaluronidases. However, there 
was day-to-day fluctuation in the inhibition of the strep¬ 
tococcus and Cl. per/rittyetw hyaluronidases, so that re¬ 
sults of the inhibition of these two enzymes tabulated 
above are of undetermined immunological significance. 

A further preliminary investigation of the thermolabile 
serum inhibition of CL perf tinge* w, streptococcus, and 
testicular hyaluronidases was carried out. After this in¬ 
hibition had been destroyed by heating the sera at 50 * C 
for 30 min, it was completely restored in most sera and 
partially restored in remaining sera by the addition of 


iTJils hyaluronidase was glycerol-dialyzed. It was pre¬ 
pared and supplied by Dr. A. A. TytelV Ctadnnart, Ohio. 

* Culture supplied by Dt. R. M, Pike, Dallas, Texas. 


complement (J), The complement used waa 0.5 cc of a 
1: 30 dilution of normal guinea pig serum, which alone 
did not inhibit the test strength of the enzymes. 
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Vitamin B,, and Cobalt Deficiency in Sheep 

D. E. Becker, Sedgwick E. Smith, end J. K. Loosli 

Department of Animat Husbandry , Cornell University , 
Ithaca, New York 

The discovery by Rickes et al . (d) that vitamin B i3 
is a cobalt complex pointed to the possibility that this 
vitamin was an intermediary in the metabolism of eobnlt 
in those species requiring this element. It has been sug¬ 
gested by several workers that cobalt, which is known to 
be required by ruminant but not by nonruminant animals, 
functions primarily through some unknown mechanism in 
the rumen, probably related to the microflora. This the¬ 
ory enjoys some but not conclusive experimental support. 

At the time that the report of Rickes et al, appeared, 
we were engaged in studies of cobalt deficiency in lambs. 
Among the symptoms displayed by these lambs were loss 
of appetite, anemia, loss in body weight, and eventual 
death. Such symptoms have previously been reviewed 
by Russell (d). Among the treatment# under study were 
the effects of cobalt administration by feeding vs. injec¬ 
tion. It was observed that deficient lambs when fed 1 mg 
of cobalt per day responded quickly in improved appetite, 
gains in weight, and increase in hemoglobin concentra¬ 
tion of the blood. On the other hand, deficient lambs 
when injected with the some quantity of cobalt showed no 
detectable response over a period of 7 weeks. It thus 
seemed possible, assuming that vitamin B,, is a necessary 
metabolite for sheep, that cobalt orally administered may 
be synthesized into vitamin B u by the rumen flora; and 
that cobalt injected was incapable of this transformation, 
possibly because insufficient quantities of it reached the 
rumen Comar et al. ■(!). According to this postulate 
cobalt deficiency is essentially a vitamin B ai deficiency 
and If this vitamin is furnished the deficient animal di¬ 
rectly by injection, a favorable response should follow. 
Since cobalt salts injected into deficient lambs gave no 
response it seemed safe to assume that the much smaller 
amount of cobalt present in vitamin B« would not give & 
response pet se. 

Cobalt-deficient lambs which had previously been in¬ 
jected with cobalt salts were chosen for this study. All 
of these lambs had pronounced symptoms of cobalt de- 
cieney. They were injected with various amounts of 
crystalline vitamin B lt l . The injections were made in- 
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TABLE 1 

Hemoglobin Levels or Cobalt-Deficient Lambs 
Treated with Vitamin B« 


e 

fc 

a 

t 

A3 

K 

BlJ 

treatment 

Dosage 

Hemoglobin level (g/100 ml) 

a 

V 

5 

t 

i 

6 

J£ 

& 

4 

a 

> 

jt 

t 

a 

B 

Dl 

M 

V 

fl. 

k 

c 

co 

JS 

l 

a 

JS 

4C 

I 

JS 

«5 



(ng/week) 







1 

Crystalline— 









‘ injection 

2 

7.1 

6.3 

died 




17 Crystalline—’ 









injection 

6 

5.2 

8,3 

2.7 

re- 








moved 


7 

Crystalline 









Injection 

9 

4.4 

6.0 

5.6 

5.7 

6.0 

6.2 

U 

Crystalline 









injection 

law* 

6.0 

4.0 

6.0 

4.0 

4.9 

4.0 

7 

Orally— 









concentrate 

30 

6.3 

0.2 

5.8 

0.2f 

6.6 

6.6 

7 

Orally— 









concentrate 

120 

4.9 

4.4 

4.2 

4.6t 

5.7 

6.6 


• Slagle Injection of 25 jig followed by another of 300 ue 
during second week. 

t Initial dosage doubled. 


TABLE 2 


Average Dailt Weight Gain of Cobalt-deficient 


Lambs The ate d 

with Vitamin B u 



6 ®ia 

K treatment 

a, 

t 

£i 
at 

Dosage 

Average 

dally 

gain 

(lb/day) 

1 

V 

rH 

JC 

t 

k 

•e 

a 

CM 

M 

l 

I 

! 

43 

j* 

% 

k 

.a 

AC 

t 

k 

3 

CD 


(pg/week) 







1 Crystalline— 







Injection 

2 

* 

* 

died 




17 Crystalline— 








injected 

6 

.34 

* 

• 

re- 







moved 


7 Crystalline— 








injected 

9 

.54 

.27 

.13 
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9 

.23 


* 

• 

• 


* Lost weight for the period. 

t Single Injection of 25 ng followed by another of 100 jig 
during second week. 

t Initial dosage doubled. 

tramuscularly twine per week during the period of treat¬ 
ment. Following the period of injections, two lambs were 
kept under study and fed vitamin B u concentrate. 1 

The levels of vitamin B w chosen for treatment were 
quite arbitrary, since we had little to guide us from the' 
literature. West (4) reported favorable responses in 

1 Supplied through the courtesy of Merck and Company. 


pernicious anemia patients injected with single doses of 
3.6 and 150 fig, indicating that the compound had high 
biological potency. 

Results following vitamin therapy, in terms of 
hemoglobin levels and weight gains in lambs, are sum¬ 
marized in Tables 1 and 2. It is noted that there was no 
significant response in these cobalt-deficient lambs when 
injected with crystalline vitamin in amounts as high as 
125 pqg. The number of observations was necessarily 
small sidfee the supply of vitamin B u was very limited; 
however, the results were clearly negative. Neither was 
there a response in those lambs fed the vitamin B u con¬ 
centrate over a period of 6 weeks. Although the concen¬ 
trate contained' cobalt the amount wis apparently too 
small to give a response to cobalt per se. 

These preliminary and limited observations give no 
support to the theory that vitamin Bu is an important 
intermediary in cobalt metabolism in lambs. 
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Synthesis of Tris(monofluorophenyl) 
methane and Tris (parafl uoropheny 1) 
methane 

Hermann L. Karl, 1 John R. Koch, Horst Schneider, 

Wm. Buth, and John G. Surak 

Chemical Laboratorie *, Marquette University, Milwaukee 

In our search for a liquid dielectric, many aromatic 
fluorides were prepared in our laboratories, using the 
Balz-Schiemann (1) reaction. These compounds were 
also coupled by condensation reactions, or by Friedel 
and Crafts reactions, into symmetrical or unsymmetrical 
complex molecules. 

The preparation of triphenyl methane from bensene 
and carbon tetrachloride with anhydrous aluminum 
chloride progressed with such ease and with such good 
yields (68-84%), that the Friedel and Crafts reaction 
was used to synthesize substituted triphenyl methane 
molecules with fluorine in the bensene rings. 

Tris(monofluorophenyl) methane was synthesized by 
reacting 8,5 moles of monofluorobenzene and 1 mole of 
carbon tetrachloride with anhydrous aluminum chloride 
according to the procedure for the preparation of tri- 
phenyl methane as described and explained by J. F. 
Norris (£), The mechanism of the synthesis accordingly 
would be: 

3 CaHsF + CC1* + A1CI«-» (GJH 4 F) # CC1 A1CL + 8 HC1 

(C^H^CCI ■ Ala + (C.B.JiO-* 

(G«HtF)jCH + OH.CHO + C.H.C1 + Al Cl* 

1 Present address: Chemistry Department, Marquette Uni¬ 
versity, Milwaukee 8, Wisconsin. 
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This reaction proceeded smoothly and the product was a 
liquid rather than a solid like triphenyl methane. The 
liquid was oily, water-white, and sweet-smelling. In re¬ 
flected light it exhibited a violet fluorescence. It dis¬ 
tilled over in a range of 200-210° C under 125 mm of 
pressure. The fact that it was a liquid was attributed 
to the possibility that it might be not a pure compound 
but a mixture of isomers. Farther studies are being 
made on this point. 

p-Difluorobenzene in a similar Friedel and Grafts re¬ 
action should form a pure compound and not a mixture 
of isomers. With the fluorine atoms in the para position 
in the benzene ring any linkage with the central methane 
carbon is ortho to one of the fluorine atoms and meta to 
the other. Since no other linkage is theoretically pos¬ 
sible, a pure crystalline compound should result. 

Using the same mole concentration as in the previous 
preparation but substituting p difluorobenzene in the 
place of monofluorobenzene, the reaction progressed 
smoothly and gave an over all yield of 45% of trls(p- 
difluorophenyl) methane. The product obtained was a 
yellowish crystalline solid. After three recrystallizations 
from 20 to 30% alcohol, puro white crystals were ob¬ 
tained. The mp of the pure crystals was 98.0-4)8.5° C. 

Analysis (by H. 8. Clark, Urbane, Illinois) for 
e it >H ,„F „: 


U 

H 

F 


Calculated Found 

64.78% 64.94% 

2 . 86 % 2 . 86 % 

32,36% 32.20% (by difference) 


The experimental details for these compounds will be 
reported shortly. 
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Measuring the Thickness of Very Thin 
Microtome Sections 


A. C. Faber,* 

Department */ Botany , University of Missouri, 

Columbia 

Several authors have recently described methods of sec¬ 
tioning biological material for electron microscopy. 
Some have used a high speed microtome (A, 4), others a 
microtome at ordinary speed with various modifications 
(I, £, $, 7). It seems desirable to have sections at least 
as thin as 0.1 4, while standard methods result in sec¬ 
tions only as thin as 2 p, or at best 1 p. 

During the War the writer developed a method for cut¬ 
ting some materials consistently at 0.05 p and even less, 
Examination of these sections with the electron micro* 
scope failed, in the writer’s opinion, to show the desired 
detail In the chromosome material in which he was inter¬ 
ested, and so the work was discontinued. The method 



Fin. 1. A sphere of wax resulting from the melting of a 
section on a thin glass fiber. The length of the scale Is 
0.1 mm. 


consists essentially in the use of: a purified and very 
hard wax (carnauba) at a low temperature, a specially 
constructed microtome of the rocker type at ordinary 
speed, and a beryllium bronze blade. Beryllium bronze 
is not very hard (about Brinell 380) but its texture is 
very uniform nnd it is easy to secure an extremely even 
and sharp edge. While the method did not succeed in 
the purpose for which it whs intended, it might prove 
helpful with other materials. The author hopes to pub¬ 
lish a full description of it soon. During this work, a 
simple and accurate means was found for measuring the 
thickness of the sections. As this may be generally use¬ 
ful, it is described herein. 

Several optical methods are available for measuring 
thin films ( 6 , <?), but their use is difficult when the area 
of the section is only of the order of a square millimeter. 
A much simpler way is to measure under the microscope 
the area of the section, then to melt the section into a 
sphere from whose diameter the volume of wax can bo 
calculated (Fig. 1). To obtain the sphere, the section is 
caught on a very thin (less than 10 p) glass fiber, and the 
fiber is mounted in the field of a binocular. A small loop 
of electrically heated wire is carefully guided close to the 
section, which is slowly melted. If the glass fiber is thin 
enough, nn almost perfect single sphere will result; for 
greater accuracy one may prefer to calculate its volume 
as an ellipsoid. It is important to watch the heating 
under fairly high magnification, and to heat slowly, os 
too high a temperature will cause evaporation. 
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Comments and 
Communications 

Ground Substance of the Mesenchyme and 
Hyaluronidase: A Symposium 1 

The most salient characteristic of this symposium was 
that of unity underlying a great variety of subjects. For 
whatever success it achieved was due to the excellent 
contributions of workers from such diverse fields as chem¬ 
istry, enzymology, histology, physiology, bacteriology, 
pharmacology, and clinical medicine. All contributions 
were fundamentally interested in an enzyme-substrate 
reaction taking place in the ground substance of the 
mesenchyme. This was, until recently, an almost ab 
struct conception which now has become a well-defined 
entity, studied from every angle. 

During the last twenty years, catalyzed by the dis¬ 
covery of the spreading factors and important advances 
in the chemistry of polysaccharides, and through the 
efforts of many investigators, the newer knowledge of the 
ground substance has come into prominence. The identi¬ 
fication of hyaluronic acid, a component of the ground 
substance and the substrate upon which some of the 
spreading factors act, placed a number of these spread¬ 
ing factors in the category of enzymes. In the interim, 
independent workers studied with excellent results the 
morphology and physiology of interfibrillar structures. 
From these contributions, as coordinated in the confer¬ 
ence, the ground substance emerged as a coherent unit 
which, although a part of all organs and tissues, has its 
own physiognomy and functions; and knowledge thereof 
appears indispensable for a full understanding of many 
physiological and pathological phenomena. 

The conference was planned and developed along the 
lines that would seem to be the logical ones to follow 
in the discussion of a medical subject; that in, it began 
with chemical and morphological data, passed from this 
into physiological and pathological subjects, and ended 
with the clinical applications. Needless to say, this was 
not the chronological order in which the topics discussed 
have been studied, since progress in some frequently has 
been the result of what was already known of the others. 
As a matter of fact, it was quite revealing in respect to 
the ,unity of the symposium that in the great variety of 
excellent contributions authors rarely kept strictly to 
specialised fields; cross references were thus numerous 
and yet discrepancies were minimal. 

The first section dealt with fundamental data on the 
ground substance of the mesenchyme and thoroughly 
covered the subject. K. Meyer, the chairman, gave a 
lucid preliminary survey of the mucopolysaccharides of 
the IntetfibriU&r substance of the mesenchyme. He pre- 

‘Hsld December 3 and 4. 1048, under the sponsorship of ‘ 
the New York Academy of Sciences. Proceedings WUI be 
published In foil in The AnnnU of the Kew York Aeademy 
o/ gfteftbow. 


seated data on the state of hyaluronic and chondroitifi 
sulphuric acids in tissues, and on the physical and chem¬ 
ical properties of these acids. These observations were 
complemented and extended by the electron microscope 
studies of Gross, who gave visual representations of the 
components of the ground substance. Alburn and Wil¬ 
liams discussed sources and preparation of hyaluronic 
ad<f,^ A number of histoehemical contributions followed. 
They comprised general studies of the mucopolysac¬ 
charides in a great variety of tissues (Bunting, Mc¬ 
Manus) ; of the changes in cells and intercellular sub¬ 
stances after injection of testicular extract (Benaley); 
and of comparable changes followirig inoculation of 
gonadotropic hormones, and occurring in some patholog¬ 
ical conditions such as cancer (Catehpole). It was re¬ 
vealed by these studies that the ground plasm is a 
dynamic system, changing continuously under the influ¬ 
ence of a great variety of factors. In addition, these 
contributions paved the way for a clearer understanding 
of the physiological condition existing in the ground 
substance of the connective tissue. McMaster described 
it as a viscid medium through which the movement of 
matter takes place. The section ended with papers deal¬ 
ing with the accumulation of hyaluronic arid in the skin 
under two extreme conditions of hormone stimulation: in 
the pretibial edema of Grave’s disease (Watson and 
Pearce); and in the sex skin of monkeys (Duran-Beynals, 
Bunting, and van Wagenen). 

The next section was concerned with the permeability 
of the ground substance in infection and other conditions. 
B. H. Spmnt was chairman. The section opened with 
discussions by Dorfman, Meyer, and Tolksdorf, et ah 
on in vitro effects of hyaluronidase. The different modes 
of action of the enzyme, depending on the linkages of the 
molecule of the substrate, and the kinetics and specificity 
of the reactions were reviewed, and the need for estab¬ 
lishing a hyaluronidase unit was emphasized. This was 
followed by a general discussion by Hechter on spreading 
factors and their mechanism of action, in both the living 
and the dead animal. The presence of hyaluronidase in 
inflamed akin was described by Meyer. The importance 
of bacterial enzymes acting on digestive tract and res¬ 
piratory mucins (Burnet) was reviewed briefly by 
Briody. An interesting discussion developed concerning 
the effect of preparations containing hyaluronidase and 
other enzymes on the permeability of blood vessels, op¬ 
posite views being maintained by Zweifach and Chambers 
on the one side, and by Elster on the other. 

With all of these contributions as a background, the 
conference entered into the important field of the ground 
spbstance in infection. A general survey of the subject, 
covering the effects of muoolytic enzymes, of hydration 
and dehydration, and of hormones and other agents on 
the ground substance was given by Sprout, and Opsahl, 
White, and Duran-Beynals. This was followed by contri¬ 
butions by Sallman and Birkeland, and by Pike on the 
production of enzyme and substrate by streptococci, and 
the meaning of these phenomena in infection. The con¬ 
cept emerged that infection is closely conditioned by a 
variety of physiological factors which find a direct ex- 
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pression in the permeability of the ground substance. 
Fluctuations in this permeability result in corresponding 
fluctuations in the severity of the infectious process. 
Estrogens and gonadotropic and adrenocortical hormones 
are especially potent in this connection. 

The same general topic on the permeability of the 
ground substance in infection was continued in the fob 
lowing section. M. Lurie, section chairman, gave an ex* 
cel lent general discussion of the mechanisms affecting 
spreading in infection, particularly in tuberculosis, in 
which connection he reported his studies on the para* 
mount influence of constitution, sex, hormones, and still 
other factors on the disease. After this there followed 
a series of papers on that puzzling phenomenon of the 
inhibition of hyaluronidase by blood serum (Dorfman, 
Hadidian), and on the action of antibodies against strep¬ 
tococcal hyaluronidase (Friou, Quinn), which has proved 
to be an excellent diagnostic aid in streptococcal infec¬ 
tions. The newer theories concerning the possible role 
played by the streptococcal enzyme or substrate in the 
pathogenesis of rheumatic disease were discussed. The 
subject was developed by Ragan and Meyer and dis 
cussed by Harris. Facts of great interest emerged in the 
discussion of this controversial subject—e.g., on the con¬ 
dition of the synovial fluid and the variations in the 
blood inhibitor for hyaluronidase in rheumatic disease. 

In the field of cancer, promising results were reported 
by Simpson on the influence of hyaluronidase in malig¬ 
nant invasion of tissues, and by Fulton, Marcus and 
Robinson on an inhibitor for the enzyme found in cancer 
patients. These studies should be correlated with those 
of Catchpole, in the first section of the conference, con¬ 
cerning the water solubility of components of the ground 
substance around malignant growths. Another contri¬ 
bution by Anigstein described curious effects on typhus 
infection by antiorgan sera. 

The last section was devoted to pharmacology and the 
practical applications of hyaluronidase. J. Seifter, chair¬ 


man, reported results of his extensive studies on the 
enzyme, which he found to be pharmacologically nontoxic, 
and considers the perfeet adjuvant, since it enhances the 
diffusion and thus speeds up the action of a variety of 
therapeutic agents, Warren and Burket and Gyorgy 
demonstrated the innocuousness of the enzyme in the case 
of established infection, in animals and humans respec¬ 
tively* Other authors reported the increased therapeutic 
effects obtained when hyaluronidase was added to local 
anesthetics (Kirby, Looby and Elkonoff); to penicillin 
(Sneierson); and to fluids used in hypodermoclysis 
(Burket and Gyorgy). The latter authors also reported 
comparable effects when the enzyme was added to dyes 
injected Bubcutaneously for diagnostic purposes. 

The beneficial effects of hyaluronidase in some cases 
of human infertility as reported by Kurzrok offer the 
only instance of a direct therapeutic effect of the enzyme. 
To this one could perhaps add its dissolving action on 
renal calculi, as reported by Bimcm and Susaman. The 
effects on fertilization in men and cattle appeared to be 
a rather controversial subject, as discussed by Sallman 
and BiTkeland and by Chang and Werthessen. The con¬ 
ference ended with these papers. 

F. DuiUN-REYNAiiS and E, D. Goldsmith 
Yale University and New York University 

Correction 

My communication “Note on the Chemistry of Drama- 
mine” ( Science , 1949, 109, 574) should have made it 
clear that the name “ Dramamine ’ ’ applies to the salt 
of 0-dimethylaminoethyl benzohydryl ether with 8-cloro- 
theophyilin. As it stands, the first sentence in the second 
paragraph of my note makes it appear that Dramamine 
is the ether alone, and that is incorrect. 

John W. Cubic 

0. I). Searle and Company, Chicago 


Book 

Reviews 

Dentistry M public health. (Prepared for the Dental 
Health Section of the American Public Health Associa¬ 
tion.) Walter J. Pelton and Jacob M. Wisan, (Eds.) 
Philadelphia; W. B. Saunders, 1949. Pp. xi + 868. 
(Illustrated.) $5,60. 

This book presents an unusually fine compendium of 
dentistry’s role in public health. The collaborators have 
presented good summaries on the topics assigned to them. 
These summarise, although they are brief, contain the 
fundamental information which the student or the prac¬ 
titioner needs to develop his thinking in terms of public 
health service. 


The extent of the dental health problem is fully out¬ 
lined, The great number of people who need dental ser¬ 
vices, the time it takes to perform these services, and 
the limited dental man power add greatly to the com¬ 
plexity of the situation and cost of service. 

The need for reparative as well as preventive and con¬ 
trol service is stressed. Reparative servico needs to be 
thought of as an initial service to care for possible ac¬ 
cumulated neglect, and a maintenance service-—suggest¬ 
ing regular periodic checkup and care after the initial 
service has been rendered. This makes the dental health 
problem a different one from others. The book offers a 
vast amount of information that should be of special 
interest to those in the field of dental health. ? ? ' 

The role pf nutrition and diet is discussed, as well as 
desirability of laboratory tests to evaluate oral condi¬ 
tions and caries activity. The effect of fluorine in water 
supply is well presented and indications are that this 
technique may become an effective agent in the control 
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of dental caries. The topical application of sodium 
fluoride to the teeth is &1bo considered. 

The need for an effective plan of public dental health 
education is stressed. The desirability of local, state, and 
national participation in such a program of service— 
control and prevention—is well presented. Although now 
in its infancy, the role of dentistry in the public health 
program has unusual promise, as judged by the place the 
contributors to this book asoribe to it. 

O. W. Brandhqrst 

Washington University 

Organic synthcs* i. (Vol. 28.) H. R. Snyder. (Ed.-in- 

Chief.) New York: John Wiley; London: Chapman 
Sc Hall, 1948. Pp. vi + 121. (Illustrated.) $2.50. 

The present addition to the series of Organic syntheses 
maintains the high standards set by previous volumes. 
Directions for preparing the following 37 specific organic 
compounds are given: 2-acetothienone, 2-acetylfluorene, 
9-acetylphenanthrene, 2-allylcyclohexanone, o-aminoben- 
zaldehyde, p-aminophenyl disulfide, benzoyl disulfide, 9* 
bromophenanthrene, 4-bromo-o-xylene, 3-carbethoxycou- 
marin, p-ch loro ace tylacetanilide, m-chlorophenylmethyl- 
carbinol, m-chlorostyrene, 9-cyanophenanthrene, trone-1,2- 
cyclohezanediol, 4,7-dicbloroquinoline, 2,5-dihydroxyaee- 
tophenone, diisovalerylmethane, 3,4-dimethylaniline, 2,4- 
diznethylquinoline, 1,4-dinitronaphthalene, diphenylace- 
tonitrile, ethyl azodicarboxylate, ethyl ethoxy methylene- 


malonate, fluorenone-2-carboxyUc acid, hexamethylene 
chlorohydrin, hydroquinone diacetate, 2-hydroxy cinoho* 
ninic acid. D,L-isopropylideneglycerol, methyl 4-keto-7- 
methyloctanoate, 4-nitro-l-naphthylamine, p-aitrophenyl 
sulfide, phenanthrene-9-aldehyde, 1-phenyl-3-amino-5-py¬ 
razolone, a-phenylthiourea, 2,4,7-trinitrofiuorenone, vinyl 
chloroacetate. In each case a check on the preparation 
hsi been made by a member of the editorial board and 
his collaborator. It may be of interest to several readers 
to record that for their convenience the Chemical Ab‘ 
straots indexing name for each compound is given as a 
subtitle when that name differs from the title of the prep¬ 
aration. As is the usual practice in this series, the 
present volume also contains a collective index to material 
for Volumes XX-XXVIII. 

Again, the editorial board should be complimented 
and congratulated upon its worthwhile project of contin¬ 
uing to make available a repository of miscellaneous syn¬ 
theses of organic compounds which really work and which 
will present no unexpected difficulties to the student who 
needs to prepare one of them. This volume continues 
the invaluable service of developing good technique. The 
compounds, in the opinion of the reviewer, have been well 
selected and the discussions and notes at the end of each 
preparation are also a real contribution to this all-impor¬ 
tant field of organic chemistry. Thus, the original pur¬ 
pose of the series is being carried out ably. 

Everett 8. Wallts 

Princeton University 


Scientific Book Register 


Blout, E. R., Hohenstein, W. P., and Mark, H. (Eds.) 
Monomers: a collection of data and procedures on the 
basic materials for the synthesis of fibers, plastics , 
and rubbers . (Sect. 1.) New York: Interscience, 
1949. 8 chapters. (Illustrated.) $7.50. 

CarlETON, H. M., and Leach, E. H. (Eds.) Schafer*$ 
essentials of histology. (15th ed.) Philadelphia: Lea 
& Febiger, 1949. Pp. xii + 655. (Illustrated.) $6.50. 

Chalmers, J. Alan. Atmospheric electricity. New 
York (11): Oxford Univ. Press; Oxford, Engl.: Clar¬ 
endon Press, 1949. Pp. 175. (Illustrated.) $3.75. 

Mill, Frederick C. Operative surgery. New York: 
Oxford Univ. Press, 1949. Pp. xii + 698. (Illus¬ 
trated.) $12.75. 

Johlin, J. M. Introduction to physical biochemistry. 
(2nd ed.) New York: Paul B. Hoeber, 1949. Pp. 
ix + 246. (Illustrated.) $3.75. 

Lkdermann, Walter. Introduction to the theory of 
‘finite groups - New York: Interscience; Edinburgh- 
London: Oliver and Boyd, 1949. Pp. viii +152. $3.00. 

Leicester, Henry M. biochemistry of the teeth . St. 
Louis, Mo.: C. V, Mosby, 1949. Pp. 806. (Illus¬ 
trated.) $5.00. 


Milne, William Edmund. Numerical oalculus: approxi¬ 
mations , interpolation, finite differences, numerical in¬ 
tegration, and curve fitting. Princeton, N. J.: Prince¬ 
ton Univ. Press, 1949* Pp. x + 393. (Illustrated.) 
$3.75. 

Page, Leigh, and Adams, Norman Iisley, Jr. Prin¬ 
ciples of electricity: an intermediate text in electric¬ 
ity and magnetism. (2nd ed.) New York-London: 
D. Van Nostrand, 1949. Pp. xiii + fll9. (Illustrated.) 
Wright, Albert Hazen, and Weight, Anna Allen. 
Handbook of frogs and toads of the United States and 
Canada. (3rd ed.) Ithaca, New York: Comstock, 
1949. Pp. xii + 640. (Illustrated.) $6.50. 
Proceedings of the Fourth International Congresses on 
Tropical Medicine and Malaria: Washington, D. 
May 10-18,1948. (Dept, of State, Publ. 3246, 2 vok) 
Washington, D. C.: U. S. Govt Printing Office, 1948. 
Vol, 1, pp. xiii + 946; vol. 2, pp. viii+ 947-1810. (Il¬ 
lustrated,) 

The situation in biological science: Proceedings of the 
tenlm Academy of Agricultural Sciences of the 
U.S.8.R., July 81-August 7, 1948. Neff York (16); 
International Pubs., 1949. Pp. 636. $5.00. 
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NEW'S 
and Notes 

Richard H. Young, doan of the 
College of Medicine of the Univer¬ 
sity of Utah, has been made dean of 
the Medical School of North western 
University. Dr. Young succeeds J, 
Roscoe Miller, who has been ap¬ 
pointed president of the university. 

Stanley D. Wilson, who has just 
completed twenty years as dean of 
the College of Science at Yen chi ng 
University, is retiring this month 
and will return to the United States 
during tho summer. Dr. Wilson ar¬ 
rived in China in 1917 to organize 
instruction in chemistry at the Pro- 
mod ieul School of Peiping Union 
Medical College (Rockefeller Foun¬ 
dation), and Later became professor 
of organic chemistry at the College 
of Science of Yenching University. 

William A. Hinton has been ap¬ 
pointed clinical professor of bacteri¬ 
ology and immunology at the Har¬ 
vard Medical School. Dr. Hinton is 
director of the Laboratory Depart¬ 
ment of the Boston Dispensary , chief 
of tho Wasserman Laboratory of the 
Massachusetts Department, of Public 
Health, and special consultant to the 
U. 8 . Public Health Service. 

C. J. Goodnight, of the Depart¬ 
ment of Biological Sciences, Purdue 
University, with his wife and a group 
of graduate students, left June 23 
for Guatemala and southern Mexico 
to conduct ecological studies on the 
mammals, birds, reptiles, and ani¬ 
mal parasites of tropical mountain 
communities. The expedition, fi¬ 
nanced by a grant from the Purdue 
Research Foundation, will be Dr. 
and Mrs. Goodnight’s fourth research 
project in these regions. They will 
continue their work on tropical spe¬ 
cies of Phalangida in relation to the 
problem of continental drift. 

Carl Voegtlin, former director of 
cancer research and retired chief of 


the National Cancer Institute of the 
U. S. Public Health Service, has 
been elected honorary member of the 
Swiss Academy of the Medical 
Sciences. 

Roger Revelle, director of ocean¬ 
ographic research during the Bikini 
tests and resurvey, has been named 
associate director of the University 
of California Scripps Institution of 
Oceanography. 

Isabelle H. Perry has resigned as 
director of the Department of On¬ 
cology of the Women's Medical Col¬ 
lege, Philadelphia, to accept a posi¬ 
tion as executive secretary of the 
Subcommittee on Oncology of the 
Committee on Pathology for the Na¬ 
tional Research Council. 

Roy G. Hermann has been ap¬ 
pointed head of the Biochemistry 
Section of tho Research Labora¬ 
tories of the Wm* 8. Merrell Com¬ 
pany, Cincinnati, Ohio. 

Visitors to U. S. 

Himansu Kumar Mitra, head 
of the Refractories Engineering De¬ 
partment of Tata Iron and 8teel 
Company in India, visited Pitts¬ 
burgh June 21-26 as part of a two- 
month tour of U. 8. steel and refrac¬ 
tories plants. He came here to at¬ 
tend the meetings of the Rotary In¬ 
ternational in New York City, to 
which he was the representative from 
India, and tho Rotary Governors’ 
International Assembly at Lake Pla¬ 
cid. On his return trip, Dr. Mitra 
will spend several weeks in England. 

Visitors at the National Bureau 
of Standards during the week of 
Juno 27-^July I included: A. J. A. 
Roux, principal research officer, 
South African Council for Scientific 
and Industrial Research j M. Esco- 
lano, director, Instituto Tecnico de 
la Construccidu y del Cemento, Ma¬ 
drid, Spain; Realf Otteaen, civil 
engineer, Norwegian Motor Engine 
Manufacturers Research Laboratory, 
Trondheim, Norway; Anand N. 
HarkauH, irrigation engineer with 
Irrigation Department, United Prov¬ 
inces, India; and Gordon W. Col¬ 
lett, chief chemist, Wunderlich, Ltd., 
of Sydney, Australia. 


Grants and Awards 

Five Bausch and Lomb Science 
Scholarships, valued at 41,500 each, 
have been awarded at the University 
of Rochester. Seven other finalists 
in the nationwide competition stood 
so high that they have been awarded 
comparable scholarships by the uni¬ 
versity. A total of 01 students, in¬ 
cluding this year’s recipients, have 
been granted major scholarships at 
the university as a result of the an¬ 
nual Bausch and Lomb Science 
Scholarship contests during the last 
six years. The awards are made on 
a competitive basis to students 
throughout the United States. 

The Commonwealth Fund has 

awarded 20 fellowships for 1949-60, 
among them 12 to the following 
scientists: Richard E, V. Bishop, as¬ 
sistant lecturer in applied mechanics, 
South East London Technical Col¬ 
lege, to study mechanical engineor- 
ing (dynamics and vibrations) at 
Stanford University; John Glover, 
assistant lecturer in biochemistry, 
Liverpool, to study the techniques of 
radioactive and stable isotopes as 
tracer elements for the investiga¬ 
tion of biochemical processes, at the 
Edward Mallinckrodt Institute of 
Radiology, St. Louis; A. Michael 
Mwhcl&on, research student, Cam¬ 
bridge, to study the broader as¬ 
pects of nucleic acids and nucleo¬ 
tides at the California Institute of 
Technology; John C. 8 . Paterson, 
senior registrar, Department of Medi¬ 
cine, Post-Graduate Medical School 
of London, to study the chemical 
pathology of extracellular fluid in 
the presence of anemia, at the School 
of Medicine and Dentistry, Univer¬ 
sity of Rochester; Audrey Jane Pin- 
sent, research student, Lister Insti¬ 
tute, University of London, to study 
the functions of trace elements in 
the metabolism of microorganisms, 
at. Stanford University’s Hopkins 
Marine Station, Pacific Grove, Cali¬ 
fornia; William 7. Pumphrey, re¬ 
search leader, Department of Indus¬ 
trial Metallurgy, University of Bir¬ 
mingham, to study the application 
of metallurgical principles to in¬ 
dustry; Claude A, Sogers, assistant 
lecturer in mathematics, University 
College, London, to study the geom- 
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etry of numbers and combinational 
topology at the Institute for Ad¬ 
vanced Study, Princeton; George J, 
Romanes , lecturer, Department of 
Anatomy, University of Edinburgh, 
to study the structure of the nervous 
system, especially the ventral horn 
cells, at the College of Physicians 
and Surgeons, Columbia University; 
George Smith, cxtrndisponsary sur¬ 
geon, Western Infirmary, and dem¬ 
onstrator in anatomy, University of 
Glasgow, to study cardiovascular 
surgery and congenital disorders at 
the Johns Hopkins Hospital, and at 
the College of Physicians and Sur¬ 
geons, Columbia University; Len C, 
Taylor , research student at the Ox¬ 
ford Institute of Experimental Psy¬ 
chology and the Department of Edu¬ 
cation, Oxford University, to study 
adolescent educational psychology; 
Darey Walker, research fellow, Phys¬ 
ics Department, University of Birm¬ 
ingham, to study experimental tech¬ 
niques in nuclear physics at Cornell 
University; and Peter J . Wheatley, 
demonstrator and lecturer in chem¬ 
istry, University of Oxford, to study 
the infrared spectra of rapidly burn¬ 
ing substances, at the University of 
Minnesota. 

The National Foundation for 
Infantile Paralysis has allocated al¬ 
most $2,000,000 of March of Dimes 
funds for new projects in virus re¬ 
search, professional education and 
training in poliomyelitis, and study 
of after-care of the disease. 

The grants for virus research 
were made to New York TJniversity- 
Bellevue Medical Center, University 
of Minnesota, Michigan Department 
of Health Laboratories, University 
of Michigan, Bowman Gray School 
of Medicine of Wake Forest College, 
University of Washington, University 
of California at Berkeley, Univer¬ 
sity of Pittsburgh, Johns Hopkins 
University, Yale University, Chicago 
Board of Health, University of Ten¬ 
nessee,, and University of Cincinnati. 
National Foundation headquarters 
will administer an appropriation of 
$20,000 to determine the role of 
dies in the transmission of human 
polio. 

Recipients of appropriations for 
professional education are American 
public Health Association, National 


Organization of Public Health Nurs¬ 
ing, American Physical Therapy As¬ 
sociation, Committee on Careers in 
Nursing, D. T. Watson School of 
Physical Therapy, Northwestern Uni¬ 
versity Medical School, University of 
Southern California, Moharry Medi¬ 
cal College, and Washii^top Univer¬ 
sity School of Medicine. 

Eight medical schools and hos¬ 
pitals received funds for the study 
of after-care. They are Children’s 
Hospital, Boston; University of Illi¬ 
nois; Northwestern University; Uni¬ 
versity of California; University of 
Minnesota; Brown University; Uni¬ 
versity of Vermont; and Cornell 
University. 

Fellowships 

The National Research Council 

announces the availability of a fund 
of $25,000 from the estate of Charles 
Tt. Blakely for support of research 
in the field of lymphatic leukemia. 
Application forms for grants-in-aid 
from this fund and further informa¬ 
tion may be obtained from the chair¬ 
man, Division of Medical Sciences, 
NRC, 2101 Constitution Avenue, 
N.W., Washington 25, I). C. 

The American Cyanamid Com¬ 
pany announces the renewal of 15 
scholarships for the academic year 
1949-50, chiefly in the fields of 
chemistry and chemical engineering. 
These scholarships provide $1,560, 
and are awarded to graduate stu¬ 
dents in their last year of predoc- 
toral study. Recipients of postdoc¬ 
toral scholarships receive $3,000. 

Scholarships have been established 
at Brown University, Massachusetts 
Institute of Technology, Columbia 
University, Princeton University, 
University of Virginia, Pennsylvania 
State College, Cornell University, 
University of Illinois, University of 
Notre Dame, University of Michi¬ 
gan, University of Wisconsin, Uni¬ 
versity of Minnesota, University of 
Colorado, and Purdue University. 

The National Foundation lor 
Infantile Paralysis announces the 
following scholarships and fellow* 
ships available In physical medicine, 
public health, medical social work, 


and physical therapy, under recently 
approved appropriations totaling 
$495,000: $100,000 has been allo¬ 
cated for clinical fellowships in 
physical medicine for periods of one 
to three years of study, open to 
physicians who wish to prepare for 
eligibility for certification by the 
American Board of Physical Medi¬ 
cine ; $50,000 for fellowships to 

physicians for one year of postgrad-' 
uate study lending to the degree of 
Master of Public Health; $225,000 
for physical therapy scholarships in 
approved schools for men and women 
in need of financial aid to complete 
training; $100,000 for medical social 
work scholarships; $20,000 for fel¬ 
lowships of two to four weeks’ dura¬ 
tion for the study of poliomyelitis 
patients at courses to be given at 
Children’s Hospital in Boston, City 
Hospital in Cleveland, University of 
Colorado Medical Center in Denver, 
and Stanford University School of 
Medicine in San Francisco. All 
scholarships are on a competitive 
basis. Further information and 
application blanks may be obtained 
from the Division of Professional 
Education, National Foundation for 
Infantile Paralysis, 120 Broadway, 
New York 5, New York. 

Colleges and Universities 

The Medical College of the Uni- 
versity of Vermont has established 
a Cardiovascular Unit in its Bishop 
DeGoesbriand Hospital. W. Raab', 
professor of experimental medicine 
at the university, will be director 
and attending physician. Dr. Raab, 
a former assistant of K. F. Wencke- 
back, cardiologist at the University 
of Vienna, has been conducting 
cardiovascular research at Burling¬ 
ton since 1930, 

The Midwest Inter-Library Cen¬ 
ter, incorporated last March under 
the auspices of ten Middle Western 
universities, will be located on the 
University of Chicago campus; The 
center, a nonprofit corporation, was 
established with a $750,000 grant 
from the Carnegie Corporation and 
a $250,000 grant from the Rocke¬ 
feller Corporation. It is a libraries ’ 
library and will furnish central hous¬ 
ing and servicing for cooperative de- 
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posit and use of research materials 
by the participating universities 
which are: University of Chicago, 
University of Illinois, Illinois Insti¬ 
tute of Technology, Indiana Univer¬ 
sity, State University of Iowa, Uni¬ 
versity of Kansas, Michigan State 
College, University of Minnesota, 
Northwestern University, and Purdue 
University. More than a million 
volumes will be stored in the six- 
story building. The site provides 
sufficient space for a second unit to 
bo built in the future. 

Industrial Laboratories 

New laboratory facilities for chem¬ 
ical and physical research by the 
Kellex Corporation for the U. S. 
Atomic Energy Commission in its 
nuclear reactor development program 
are now in operation at the Jersey 
City plant of the M. W. Kellogg 
Company, the parent company. The 
laboratory will be headed by W. A. 
Bain, director of chemical research. 

A d e n o a i n e-5-phosphoric ucid 
(AMP), the adenine nucleotide us¬ 
ually called muscle adenylic acid, is 
now available from Schwarz Lab¬ 
oratories, Inc. Made by a process 
that does not require the use of ani¬ 
mal tissues, this basic constituent of 
such vital coenzymes as ATP and 
coenzyme I has been used clinically 
in the treatment of cardiac affec¬ 
tions, sonic types of rheumatic 
conditions, and malnutrition. 

Meetings and Elections 

Plant and animal nutrition in 
relation to soil and climatic fac¬ 
tors will be the theme of the first 
of the series of British Common¬ 
wealth specialist conferences on agri¬ 
culture, recommended by the 1948 
Official Scientific Conference in Lon¬ 
don. The conference will be held 
in Australia in August. Visitors 
from the U. S,, Canada, India, South 
Africa, and New Zealand will par¬ 
ticipate. 

A colloquium on macromolecules 
will be conducted on September 9, 
3, and 5 by tty Maeromolecules Sec¬ 
tion of the International Union of 


Chemistry, as part of its September 
5-11 conference. Subjects under 
discussion will include the kine¬ 
matics of polymerization and macro* 
molecules in solution. The collo¬ 
quium was Initiated by H. F. Mark, 
of the Polytechnic Institute of 
Brooklyn, ami has as its executive 
committee 11. R. Krnyt, chairman; 
J. J. Hermans, R. Houwink, 0. Kotv 
ingsberger, L. J. Ocmterhoff, J, Th. 
Q. Overbeck, and A. J, Htaverman, 
all of the Netherlands. Further in¬ 
formation may be obtained by writ¬ 
ing to the Executive Committee, P. O. 
Box 71, Leiden, Holland. 

Plans are being made for the 
Fifth International Congress of 
Microbiology to be held August 17- 
24, 1950, in Rio de Janeiro. The ex¬ 
ecutive committee includes Heurique 
Aragao, president; H. C. de Souza- 
Araujo, first vice president, Genesio 
Pacheco, second' vice president; 
Olympio da Fonseca, exocutive sec¬ 
retary ; Jooquim Travassos, secre¬ 
tary ; Cassio Miranda, treasurer. 

The program is built around sec¬ 
tions on goneral and industrial micro¬ 
biology, medical bacteriology, viruses, 
Rickettsial diseases, mycology, proto¬ 
zoology, bacterial diseases of plants, 
microbiology of water and soil, and 
immunity and resistance. 

President Dutra of Brazil has au¬ 
thorized a special round-trip Bra¬ 
zilian boat for the transportation of 
European members and delegates to 
the congress, and hotel accommoda¬ 
tions will be arranged for them by 
the committee. 

The National SheUfieheriea As¬ 
sociation, at its annuaL meeting 
June 7-9, elected the following offi¬ 
cers: president, James Nelson Gow- 
anloch, Louisiana Department of 
Wildlife and Fisheries; vice presi¬ 
dent, James B. Engle, U. S, Fish 
and Wildlife Service; secretary, A. 
F. Chestnut, University of North 
Carolina Institute of Fisheries Re¬ 
search ; and treasurer, David H. 
Wallace, Maryland Department of 
Tidewater Fisheries. The meeting 
was held jointly with the Oyster In¬ 
stitute of North America and the 
Oyiter Gtowcts and Dealers Aaao- 
oiation of North America. 


An international conference on 
the optical properties of thin films 
was held in Marseille, April 19-23. 
This was one of a series of scientific 
gatherings sponsored by the French 
Centro National de Recherche Scien- 
tifique. Among the representatives 
were A. Vasieek from Czechoslo¬ 
vakia; P. Jacquinot, M. Perrot, and 
P. Rouard from France; K. Green¬ 
land, O. 8. Heavens, H. Kuhn, and 
8. Tolansky from England; P. Van 
Alphon and B. Blaisse from Holland; 
M. Ballerini from Italy; M. Sehaetti 
from Switzerland; B. Billings, J. 
Strong, N. Scott, and A. Turner from 
the United States. The conference 
was organized by P. Rouard, direc¬ 
tor of the Physical Laboratory of the 
Faculty des Sciences in Mnrscillo. 

This conference was a manifesta¬ 
tion of the current interests in thin 
film optics. These interests were 
kindled by the evaporation of metal¬ 
lic reflecting coats by Ritchl and 
Omstein, by low index reflection- 
reducing Hud high index reflection¬ 
enhancing films, and by combinations 
of all these to produce color films, 
filters, and interferometers. 

The conference itself was out¬ 
standing in that each paper pre¬ 
sented material completely different 
from the others. This was particu¬ 
larly remarkable since the publica¬ 
tions of several of the members were 
in journals not accessible to the 
others. The conference was divided 
into several sections. The first was 
devoted to the discussion of the 
theoretical analysis of the optical be¬ 
havior of thin films. Several in¬ 
genious techniq ues were presented 
for the mathematical treatment of 
films of varying index of Tefraction. 
One treatment was based on the 
electrical impedance analogue, an¬ 
other used a matrix technique in 
which the equations were set up for 
many layers, which were then al¬ 
lowed to become infinitesimal in 
thickness. These treatments would 
seem to foreshadow the more fre¬ 
quent appearance of such films in 
the laboratories of experimental 
physicists. 

In the next, section most of the 
papers were on the optical properties 
of thin films. Two pieces of re¬ 
search reported were new to most of 
thO' American group. One was ihe 
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demonstration by Professor Rouard 
of Marseille which showed that the 
reflection of light going from glass 
to air can be eliminated by a metal 
dim. In this demonstration light 
was reflected from a wedge of glass 
which was coated on the back by a 
wedge of metal. The niotal surface 
was imaged on the screen and showed 
a black band at the thickness at 
which reflection was eliminated. Be¬ 
cause of dispersion in certain metals 
the (flack band was replaced by a 
colored fringe. Another piece of new 
research was the preparation of a 
fllin of iron oxide which seemed to 
combine the mechanical features of 
TiO„ film with the desirable optical 
features of SbsS 3 . In this same 
group of papers were a series of 
talks on narrow band filters. One 
five-layer filter had both narrower 
pass bands and higher peak trans¬ 
mission than the olderetype of stiver- 
dielectric-silver interference filter. 

The final part of the conference 
was given over to the applications 
of thin films. Although the opti¬ 
cal properties of thin films may be 
a narrow field, this last section 
showed clearly that it is important 
in many branches of science. Dis¬ 
cussions ranged from the aluminiz¬ 
ing of large telescope mirrors to use 
of interferometers in series for the 
^detection of faint satellites in spec¬ 
tra. * 

In this section we were especially 
excited by Professor Tolansky ’s pro¬ 
vocative experiences with interfer¬ 
ence plates using ^^ Fabry-Pe^ot ,, re¬ 
flectivities with ** Newton V 9 spac- 
ings. Using his procedures, distances 
to 10 A or less can be measured. 
Many unsettled questions were posed 
by him—for example, he reported un¬ 
explained jagged fringes when a thin 
curved piece of mica is interposed 
between his plates. 

The hosts of the conference or¬ 
ganised excursions and diversions 
which adroitly combined the abun¬ 
dant history and scenery with the 
scientific activity which is available 
around Marseille, to produce a last¬ 
ing impression in the memories of 
the conferees. All conferees, after 
a few hours, were fraternizing as 
if they had been collaborators in the 
some laboratory. 

tfosw Strohu and Bam:® Billikos 


Deaths 

Earle L. Overholaer, 60, head of 
the Department of Horticulture at 
Virginia Polytechnic Institute, died 
on April 18. Dr. Overholser was an 
authority on tree fruits. 

« 

Francisco Sierra Soto, Colombian 
plunt scientist trained in the V. 8., 
was assassinated June 19 near his 
farm on the lower Labrija River in 
the State of Antioquin. Dr. Soto* 
was engaged in a research and de¬ 
velopment project conducted coopera¬ 
tively by the U. 8. arid Colombia to 
encourage modern rubber plantations 
in Colombia, 

Ivan L. Nixon, 65, vice presi¬ 
dent in charge of the Scientific In¬ 
strument Division of Bausch and 
Lomb Optical Company, died June 
25. He was a member of the com¬ 
pany ’s board of directors and a di¬ 
rector of its Canadian company. 

John C. Gifford, 79, professor of 
tropical forestry at the University of 
Miami, died June 25 at the Jackson 
Memorial Hospital in Miami. Dr. 
Gifford was founder and first editor 
of the American Forestry Magazine. 

Harry Manley Goodwin, dean 
emeritus of the Massachusetts Insti¬ 
tute of Technology Graduate School, 
died June 26 at his summer home at 
Squam Lake, New Hampshire. Dr. 
Goodwin ’s extensive research in phys¬ 
ics and electrochemistry included 
electrochemical studies of the voltaic 
cell and the electrical properties of 
inorganic salts at high temperatures. 


After a lapse of five years, owing 
to the war, the Theobald Smith 
Award in Medical Sciences, estab¬ 
lished in 1936 by Eli Lilly and Com¬ 
pany, will again be given at the 
Annual Meeting of £he AAA8. Fel¬ 
lows of the Association should sub¬ 
mit names of proposed recipients to 
Dr. Gordon K. Moe, secretary of 
Section N, Medical School, Univer¬ 
sity of Michigan, with full informa¬ 
tion (in triplicate) concerning per¬ 
sonality, training, and research work 
of candidates. Nominations must 
be received Before September 15. 
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The award will be $1,000 and a 
bronze medal, given for li demon¬ 
strated research in the field of the 
medical sciences, taking into consid¬ 
eration independence of thought and 
originality .' 9 An additional amount 
of $150 is available toward travel¬ 
ing expenses. The recipient must 
be less than 35 years of age on 
January 1 of the year in which the 
award is to be made, and a citizen 
of the United States. 

Past recipients /are Robley D. 
Evans, professor of physics, Massa¬ 
chusetts Institute of Technology, 
Cambridge; Charles F, Code, De¬ 
partment of Astronomy and Astro¬ 
physics, Yerkes Observatory, Wil¬ 
liams Bay, Wisconsin; Albert B. 
Sabin, professor of pediatrics, Chil¬ 
dren’s Hospital Research Founda¬ 
tion, Cincinnati, Ohio; Herald R. 
Cox, director of virus research, 
Lederle Laboratories, Inc., Pearl 
River, New York; and Sidney C. 
Madden, professor and head of De¬ 
partment of Pathology, Emory Uni¬ 
versity School of Medicine, Atlanta. 

The Alabama Science Talent 
Search for General Gorg&s Scholar¬ 
ships, conducted by the Alabama 
Academy of Science in cooperation 
with Science Service, has awarded 
scholarships at the University of 
Alabama, Tuskegee Institute, Ala¬ 
bama Polytechnic Institute, Birming¬ 
ham-Southern College, and Howard 
College. Winners receive four years’ 
tuition and fees from the various 
colleges and cosh awards ranging 
from $500 to $1,500, given by the 
Alabama State Chamber of Com¬ 
merce, in cooperation with business 
and industry. 

The National Registry of Rare 
Chemicals, 35 West 33rd Street, Chi¬ 
cago 16, Illinois, has submitted the 
following list of wanted chemicals: 
Muscone, 1,1-diacetylethylene, colo- 
phene, viclne, isoascorbic palmitate, 
phosphoninm chloride, perfluorohep- 
taue, trans-hex&hydrophtbalic add, 
(3-tocopherol, isatoic anhydride, iso- 
citric acid, isoaconitde add, 2 hy- 
d roxybenzoth i azole, 2-nitrosophenol, 
adenine thiomethylpentoside, 2,2- 
difluoroheptane, uric add riboside, 
ketosuccinic acid, keracyanin, and 
muscarine. 
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The Agricultural Impasse 

W. Gordon Whaley, Director 

The Plant Research Institute, The University of Texas 


T HE EFFORTS OF ALL PEOPLES to achieve 
a place in the sun have turned around the land 
and what it produces. Among the underlying 
causes of war, no factor is of importance nearly equal 
to that of the relation of a population to the pro¬ 
ductiveness of its lands. This relation involves a com¬ 
plex equation between the utilization of ores, mole¬ 
cules, and atoms and the handling of plants and ani¬ 
mals which supply the energy for living. No course 
can more surely invite disaster than one which fosters 
headlong improvement in peace and war of industries 
which consume the products of the land while it all 
but ignores our relatively poor success in handling the 
land and its living cover. 

The source of man's energy is the green plant. 
Maintenance of his energy supply or its increase de¬ 
pends upon apt handling of his plants. If he fears 
the cutting off or liquidation of this supply he will 
fight for its preservation. The adequacy of the sup¬ 
ply and its distribution is, in the last analysis, the key 
problem. Today we have an alternative to the age- 
old unbalance of the fat years and the lean, the haves 
and the have-nots, and the birth of countless millions 
of human beings to the misery of inadequate food—we 
can replace “farming'* with agriculture, the science 
of handling the land and its plants and animals. 

Great progress in such a revolution has already been 
made. American agriculture, quite as much as Amer¬ 
ican industry, helped to turn the recent tide of war 
toward the victory. Many of the peoples of ravaged 
Europe and Asia owe both their freedom and their 
postwar survival to the American farmer. But we 
are moving too slowly. The pressure of war and post¬ 
war conditions has so increased the drain of soil fer¬ 
tility and the effects of erosion and inefficient culture 
that these and related factors are reaching an emer 


standard demands a very considerable increase in this 
efficiency. The Food and Agriculture Organisation 
of the United Nations estimates increases (over previ¬ 
ous production) of 21 percent for cereals, 100 percent 
for milk, and 163 percent for fruits and vegetables 
as minimum requirements for feeding the expanding 
world population by 1960. The land available for 
growing these increased crops has shrunk from deteri¬ 
oration and misuse. Moreover, the hope, often ex¬ 
pressed, that such increases can be produced in trop¬ 
ical countries overlooks the severe limitations of these 
regions. In most tropical regions there is, so far as 
agriculture is concerned, relatively little usable land. 
There are no great prairies, andjmeause of the topog¬ 
raphy only limited areas ban be turned to the rpro- 
duction of energy crops. Continued high tempera¬ 
tures and excessive rainfall restrict both the types 
of plants that will grow and man's efforts to grow 
them. Such conditions also often increase the magni¬ 
tude of disease and insect problems to nearly uncon¬ 
trollable proportions. The production of thq tropics 
is destined to be of growing importance with respect 
to many crops, but the resources of the tropics are 
simply not such as to make the regions capable of, 
assuming a major position in Ifye production of'IlhO : 
energy crops. We must look instead* for m»earis Of . 
greatly increasing the production of Temperate Zone 
farms. 

Th® Basic Problem 

In emphasising the need for eonaervation, it is com¬ 
mon to picture the land as a potential resource, a sort 
Of agricultural safe deposit box from which man may 
draw fertility for his crops for an indefinite period. 
If he withdraws this fertility too rapidly, however, or 


geney status earlier than they would have, had a 
normal peacetime pace prevailed. In much of our 
supporting agricultural research, too, we have reached 
an impasse; and in this there is great danger, for 
the laws of energy will not indefinitely permit increase 

increase in the availahle 

supply* ; . ■’ *. < : ■:; ; : 

lifting of the 

I* ±t*L^** iteteg 'ema 

i, even mrinte^ 


allows the mineral elements to be washed away hy 
erosion, he must move on to new land or, when new 
lands are no longer available, face ruin. AU this is 
true, but it is a concept too Unuting te serve as the 
basis of a scientific agricidtiire; /..It /is^necesstey, in¬ 
stead, to tkink of a farm aaa factory and t^ 
efforts as attempts to turn m* 
into fine goods, soil elements into plant products. The 
goal is the most rapid practical turnover of fertility, 
hirfiest production consistent with continual ayttil- 
! tfg ma^ 

them eontain, in. 
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practically inexhaustible amounts, all the required ele¬ 
ments except nitrogen, phosphorus, and potassium. 
Agriculture becomes then in part a matter of sup¬ 
plying phosphorus and potassium as crude chemicals 
in the right amounts, fixing nitrogen Chemically or by 
the activity of microorganisms, and providing in one 
way or another such additional elements as may be 
required to enable the protoplasm of the living plants 
to manufacture, in mass production, fine goods. 

This is the salient fact. In practice the operation 
is exceedingly complex, and we are in discouraging 
ignorance of most of its components. The soil in 
which many key processes go on is a variable and 
little understood medium, the steps in the functional 
processes by which plants convert materials from soil 
and air and the ^energy of light into fine goods are 
nearly complete mysteries, and the intricate balances 
of soil, plants, and climate have hardly been ap¬ 
proached. We know only enough to realize how 
much needs to be learned and to recognize that if we 
had more knowledge we could make much better 
adaptions, maintain much better balances, and control 
the hazards more effectively. 

Effective long range use of the soil with efficient 
cultural practices and adequate control of diseases 
a#d insect pests are pressing agricultural problems, 
but there are others. True to the American pattern, 
we have made greatest advances where mechanization 
fits into agriculture. In many crops all operations 
from sowing to harvesting arc now carried out by 
machines. One effect has been to call for greater 
effortB to improve plants*, for the more highly devel¬ 
oped agricultural practices become, the more urgent 
is the need to produce more efficient plants—plants 
which can produce more fine goods per unit of raw 
material, or which, better fitting the pattern of mecha¬ 
nized farming, can produce more cheaply. 

Advances in soil practices, control of plant diseases 
and pests, mechanization of fanning operations, and 
plant improvement already have been great, but not 
so great as not to be dangerously dwarfed by indus¬ 
trial advances and the factors of population increase 
of the past several decades. Thus, an unhealthy situ¬ 
ation arises. The more the efficiency of industry is 
increased and the higher wages it can pay, the more 
difficult it becomes for the less efficient agriculture to 
find labor and capital. The more efficient industry 
becomes, the more it expands and the gTeaterbeeomes 
the neOd fox new or better agricultural products; and 
even apart from industrial development, the more 
population increases the more people agriculture has 
to feed an# clothe. . ; ^ 

1* ^ apiculture’s besetting 


Agriculture is atill, by and large, in the hands of 
individual farmers with access to relatively little 
capital as compared with large industrial corpora¬ 
tions. Even in good times, individuals are rarely capa¬ 
ble of supporting research and experimental devel¬ 
opment. Then too, the farmer’s immediate problems 
are geperflly tied to a particular piece of soil in a 
specific climate, and to the caprices of the weather. 
It is difficult for him to think in the broader terms 
which characterize modern basic industrial research. 

What is termed industrial research rpally represents 
two usually more or less distinct elements. The gen¬ 
eral fact finding is perhaps accomplished most often 
by investigators outside the industrial laboratories, 
by the workers in “pure” sciences, most often in uni¬ 
versity laboratories. Industry carefully currycombs 
the findings of such investigators and then tests any 
interesting facts revealed. Agriculture has no ade¬ 
quate provision for either part of this operation. 

The fundamental unit in agricultural research is a 
living plant or animal and its products. This fact 
gives a distinguishing breadth to agricultural research 
needs. Plants and animals are all composed of a 
common stuff and they all grow according to similar 
patterns. As a result, research on com may prove 
to be just as important for the cotton fanner as for 
the com farmer. This means that one has to think in 
specific terms of cotton or corn and at the same time 
in general terms of living organisms. The biologist 
investigating a specific problem in com soon finds 
himself knocking at the closed door of what life and 
growth and sensitivity are. His field is far more mys¬ 
terious, and, one suspects, far more difficult than those 
of his colleagues working with inanimate atoms. 

The peculiar status of agricultural research needs 
has been recognized for some time. It was in re* 
sponse to this recognition that the plant and animal 
research branches of the United States Department Of 
Agriculture and of the various state experiment sta¬ 
tions were organized. We have in the correlated 
branches of these agencies a structure which is theo* 
retieally capable of dealing with both short range 
research, concerned with solution of the farmer’s im¬ 
mediate problems, and long range research on funda¬ 
mental probkins. In actual practice, it does a good 
job at the former and shies away from the latter. 
The American taxpayer h$putting millions of dollars 
annually into agricultural research. He is getting 
progressively smaller returns, and too few of these 
ir* the kind tiiat will pay Off to the loitg W, ^hyf 
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United States Department of Agriculture. This 
agency is composed of several hundred professional 
plant scientists, operating on a budget which, count¬ 
ing both direct and indirect appropriations, approxi¬ 
mates ten million dollars a year. Its staff probably 
contains between one-quarter and one-third of the 
country’s plant scientists, the remainder being dis¬ 
tributed fairly equally among other federal agencies, 
the state experiment stations, and the colleges and 
universities. 

Agricultural research is almost necessarily a ward 
of the state, and this federal bureau should be the 
dominant agency in plant research—stimulating fun¬ 
damental research by its own research productiveness, 
on one hand, and guiding the application of newly 
discovered principles on the other. Actually, its ac¬ 
complishments in the first field are considerably less 
than they might be, though at one time the Bureau 
played a much more important role than it now does. 

Some of its deficiencies are fairly easy to indicate. 
Its staff is made up of a very considerable number of 
topflight scientists, but it also has more than a few 
mediocre persons who value the security of federal 
civil service retirement more highly than real scientific 
accomplishment. Unfortunately, the system is such 
that the potentialities of many of the best men are not 
realised. Too often the civil service system and good 
productive research don’t mix. This is a serious busi¬ 
ness, for it has driven many of the best of the war¬ 
time federal scientists out of the government service 
into industrial or university work, and usually away 
from pressing problems concerning the national wel¬ 
fare* Many factorg are involved. One is bureaucratic 
insistence upon establishing organisational patterns 
without appreciation of the need for flexibility in re¬ 
search. Another is the too frequent reservation of 
higher grades for administrative employees. The 
effect of this is to make administrators out of the 
more capable men, and conversely to keep actual re¬ 
search activities in the hands of the less capable, or 
less advanced. Productive research is a coupling of 
ideas with experimental techniques. Only in rare in¬ 
stances can each component come from individuals at 
different levels of responsibility, separated perhaps 
by thdueaU# of miles. Seniority, so necessary to 
maintenanoe of a good organisation, often precludes 
obtaining the best ^ for particu- 

The civil service efficiency rating sys¬ 
tem, though it is bundled in general with attempts at 
the utmost honesty, often complicates the picture, for 
the employees advancement chances turn directly 
upon it, It iw p to estimates of 
of tWmity^^ 


sible. You simply cannot measure a man’s scientific 
productiveness in terms of hie industry, his ability to 
get along with his superiors, the degree of neatness 
with which he conducts his work, ami so on. What 
you have to evaluate is his brain power. What the 
civil service system evaluates is his capacity to fit com¬ 
fortably into an organised pattern. The organisation 
is the thing. If a man fits it—well, let’s not worry too 
much about the fact that he likely is not the most bril¬ 
liant man in his field. Some signs are appearing which 
seem to indicate fettered steps on the part of the Civil 
Service Commission to attempt some modifications of 
its system to deal with the needs of research agencies. 
This could be hailed as progress were it not that the 
organisational difficulties of the agricultural research 
bureaus would likely be self-perpetuating even With¬ 
out civil service. 

But the personnel difficulties are not the only im¬ 
portant ones. The present plant scientists of the fed¬ 
eral system could turn out far more productive re¬ 
search if they were not hampered by the nature of 
the system itself. Let’s examine the system. 

A group of working-level scientists conceive a re¬ 
search project which they feel, on the basis of their 
specialized training and experience, may reasonably 
be expected to answer some questions which are both¬ 
ering them in their attempts to improve a certain crop 
plant. They draw up an action plan, with all the 
necessary attention to organizational detail. The plan 
is reviewed by their division head and the chief of 
bureau, with his assistants acting as advisors. If ap¬ 
proved by these men, it is sent on for approval by the 
Agricultural Research Administration, This is a 
superstructure agency whose functions include over¬ 
seeing the work of all the Department of Agriculture 
research unite and their cooperative work with state 
agricultural groupie. 

The concept behind the organization of the Agri¬ 
cultural Research Administration was that it should 
coordinate the efforts of different groups, eliminating 
unnecessary duplication, and in general tie together 
the work of federal and state agricultural scientists, 
and guide their research along profitable tinea. It was 
a noble concept. With vision and a degree of free¬ 
dom, the Agricultural Research Administration could 
lead ail the country’s agricultural research, stimulate 
important allied researches, and very effectively raise 
agricultural efficiency, not only in this country but 
over the world; It could be one of the greatest fan- 
tors in our world leadership, for little we could do 
would be of grantor benefit to mankind. Actually, fee 
task of the Ag^oultaral Research Administration is, 
M To it 
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will approve and shunting the others to the side lines. 

It is the liaison agency attempting to maintain long 
term productive research against the backdrop of 
Congressional political interests. It must see that 
only projects likely to have enough Congressional 
support or -public interest are presented for consider¬ 
ation, for the support for the research comes, with 
a few minor exceptions, from the public treasury. 
The funds are authorised by Congress on an annual 
appropriation basis. These appropriations, woefully 
inadequate if judged against the magnitude of the 
problem, are relatively small items in the great De¬ 
partment of Agriculture Appropriations Act, which 
provides for the many important and unimportant 
services of the department. 

Here is a major difficulty, for the basic problems 
of plant improvement are hardly likely to be intri¬ 
guing to either Congress or the general public- The 
Agricultural Research Administration attempts to be 
certain that the scientists never use language which 
would sound as though they were talking down to the 
legislators. Hence its scientists, to start a research 
program, must sloganize it, must optimistically fore¬ 
cast great results from it, and report its progress in 
journalese. In short, prosaic scientific research, whose 
interpretation require^ the precision of its own scien¬ 
tific terminology, must be dramatized—and in words 
of one syllable. The Agricultural Research Adminis¬ 
tration cannot permit an attack on problems that Con¬ 
gress might feel are too remote. Then there are issues 
to be attended to like the demands of the state agencies 
for research assistance. With such responsibilities 
the Agricultural Research Administration has little 
time for anything like deep-delving consideration of 
basic agricultural research needs. If the research 
structure is to survive with Congressional support, it 
must occupy itself with the questions of the moment. 
There is no time to worry about the farmer's grand¬ 
child, 

Congressional interest in research projects intro¬ 
duces other trouble, too, such as making it much easier 
to go on spending money on something established 
than to institute anything new. Hence* the scientists 
have to try to extend already established researches 
and bend them around new needs, often getting only 
half as far as they should. And they sometimes eon- # 
tinue researches that might have been stopped years 
ago at no great loss. This situation is particularly 
true where experiment stations have been set up. The 
presence of these stations, some of them very small, 
becomes important in the congressman's constituency. 

Che Department of Agriculture budget supports sev- 
such etetiona whach offer Etfle but v«^ hb|^ iif 
p : Mri^;«ny bb jtSPwtd tstawe 
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too excited, or its prodders do, about some question 
involving agricultural research. When this happens, « 
the scientists have to occupy themselves for a fear or 
two with attempts to spend short term money effec¬ 
tively. Then Congressional interest in that parfieular 
problem wanes. The men in the research organisa¬ 
tion am left with nothing but the knowledge that a 
few^thfuaand dollars a year for ten years and freedom 
to attack basic problems would probably have solved 
the difficulty. That the final determining review of^ 
research basic to the country’s agricultural future 
should be in the hands of Congress is logical Only if 
Congress seeks and is guided by the advice of the 
. best specialists in the field. The record doesn't sug¬ 
gest that Congress operates in this way. Even if it 
did, the system would remain inadequate until the 
major part of the'research could be relieved of the 
compulsive uncertainty that it reflects from the single¬ 
year appropriation scheme. 

The federal plant scientists have another big handi¬ 
cap. Like the rest of the government machine of 
these United States, the Department of Agriculture is 
a bureaucracy—too large a portion of its staff has to 
be concerned with the functioning of the machine. 
And the scientist has to spend too much of his time 
making reports, reports, and reports on his organiza¬ 
tion for research. The research he cannot find time 
to do. A man who is good enough to get along soon 
finds himself occupied most of the time with reports 
on and justification of the efforts of those behind him 
in the line of ascent. 

The agricultural research efforts of the states are 
conducted by the state experiment stations, which 
are affiliated with the land grant colleges. These 
agencies have many of the same difficulties os the fed¬ 
eral system. They are too often staffed with people 
of insufficient breadth—partly because for many years 
most of the state experiment stations could pay only 
very low salaries, partly because the state scientists 
are under pressure by local legislatures and popula¬ 
tions to direct all their attention to matters of im¬ 
mediate concern in the locality. The logical field of 
effort for such experiment stations concerns problems 
that are more or less lorid, having todo withthe par^ 
ticular crops of a given state and thro behavior and 
management under the environmental eotaditidns in 
that state. Itis generally considered poor economy 
for the state experiment station to allow its staff 
members to devote time to probkma not tnamediately 
related to the needs of the state's t arms. 
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reoogfzuzed than those we have been discussing, font 
that is perhaps the most important in an over-all con¬ 
sideration. This is their failure to foresee what might 
be called the evolution of agricultural problems and 
to prepare themselves to deal with the products of this 
evolution, When the great agricultural agencies of 
the nation were organised, the compelling problems, 
for the most part, had to do with handling crops in 
the field—determining the proper soil for a given 
crop, the best time of planting, the most productive 
spacing, and the most effective fertilisers. With the 
development of agricultural engineering, there were 
the added problems of building machines for planting, 
cultivating, and harvesting different kinds of crops 
under different growing conditions, and developing 
methods for the control of insect and disease enemies. 
The agricultural agencies were founded for attacks 
on such problems as these. The present status of 
American agriculture is a tremendous tribute to the 
achievements of the agricultural research scientists 
in meeting these problems and solving them effec¬ 
tively. Much remains to be done, but what is not 
clearly enough recognized is that by solving these 
problems so effectively these same scientists have 
opened up new frontiers of research, have pushed the 
research needs along to another stage. 

We are now at a point where major agricultural 
advances can come only after we have gained much 
more knowledge concerning the fundamental biology 
of our crop plants. Improvement in field practices 
may be expected to give perhaps another ten percent 
in increased yields. It will result in saving some land 
and it will bring further lightening of the farmer’s 
labors. This sort of progress must be continued, but 
major advances will come only if we supplement such 
investigations with enough basic biological research to 
enable us to begin to learn something more than super¬ 
ficial facts about how plants grow, how they repro- 


This last point needs examination in the light of 
the facts. The avowed purpose of most agricultural 
colleges is to train agriculturists* To this end their 
faculties axe organised and their curricula developed; 
and to this end they are generally most successful. 
There is, however, much confusion between the re¬ 
quirements of Agriculture and the requirements of 
agricultural research. Young men going through 
agricultural curricula are encouraged to stay on and 
work toward advanced degrees, and then to accept 
positions of responsibility in agricultural research. 
If they are to deal with the kind of problems whioh 
were the predominant ones in agricultural research 
during the last half century, they are generally ade¬ 
quately prepared. We shall need many more of them. 
But we also need a different type of investigator, a 
member of a group in step with the newer problems 
in the second line of research, with the fundamental 
biological and biochemical problems. It is a mistake 
to assume that a man trained in agriculture is qualified 
for this type of specialized agricultural research. 

If the agricultural colleges must continue to devote 
their efforts mostly to the training of agriculturists, 
then where are the people capable of solving the more 
complex fundamental biological problems to come 
from? One might expect that colleges and universi¬ 
ties which are less directly connected with agriculture 
should be in a position to train such people. Though 
they may be in such a position, too often they are not 
interested. Their botanists and zoologists tend, more 
or less purposely, to concentrate their efforts on in¬ 
vestigations which have no bearing upon practical 
problems. Their chemists and physicists are busy re¬ 
sponding to the demands of industry, which recog¬ 
nized long ago the need for continuing to harvest an¬ 
nual crops of fundamental researchers. 

It behooves these colleges and universities to ex¬ 
amine the thesis which guides their training of young 


dace, and what their relations to soil and climate are. men and women for productive lives. It behooves 
The agencies which have been built up under civil these institutions and the agricultural colleges to look 
service regulations aw staffed almost entirely with the further into the basic training requirements for agri- 
researchers to whom goes the great honor of having cultural research. It behooves a lot of professors to 
solved the first line problems. However, it follows examine the relative worth of the problems with which 
from the very nature of these investigators’ training they occupy themselves and a lot of practical*minded 
and interests that they generally do not recognise or agriculturists to look far enough into the ivory towera 
:^^--jsiaiL' Jibi -Abo to see whether anything in the way of useful knowl* 
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enoeB to the problems of agriculture. Although it 
would not seem adaptable under most circumstances, 
this scheme recognizes the key to the problem. Agri¬ 
cultural research in the commonly accepted sense is 
not enough. It must be expanded to include far more 
biological research. In the case of plants and their 
products, we must direct major rather than incidental 
efforts toward unraveling the facts of growth, devel¬ 
opment, and reproduction, and the interrelations of 
these with soil and climate. When enough such back¬ 
ground has been accumulated, then agriculture's prac¬ 
tical problems must be reviewed agaiuet it. 

To gain this critical knowledge we need to make 
certain changes. Our federal research agencies must 
be relieved of the requirement to concentrate their ef¬ 
forts on sure-ffre, immediately solvable problems, while 
their scientists defend Congressional mandates for 
fundamental research. They must expand their re¬ 
search to determine how the green plant combines 
carbon dioxide and water to produce carbohydrate 


and then transforms the carbohydrate to tbobhands 
of useful substances, and to attack a selected group * 
of other fundamental problems. This calls for a re¬ 
vision of the setup, a new deal from civil service, new 
types of Congressional authorization and support— 
all matters of federal government concern. But it 
dall$ fdr other things, too. There must be leaders who 
can leffcd, men who can appraise trends in all the 
sciences and interpret their significance for agricul¬ 
ture, who can recognize the gaps that stop progress,^ 
and furnish the individual scientists with charts for 
action. Such men are likely to come only after a 
renaissance in teaching and training has directed stu¬ 
dents in basic biology, chemistry, and physics toward 
agricultural problems. This calls for reorientation by 
the colleges and universities with direct or indirect 
interest in the field, closer cooperation between pure 
and applied science groups, and the development of 
programs which will train much more highly and edu¬ 
cate more broadly at the same time. 


The Significance of Meiosis in Adomyces 

Ralph Emerson 1 and Charles M. Wilson 
Department of Botany, University of California 
and Biological Laboratories, Harvard University 


T WENTY YEARS AGO Hans Kniep (7) de¬ 
scribed in the water mold AUomyces a life cycle 
and a type of Bcxuality which were previously 
unknown in the fungi. The cycle, which now serves 
to distinguish the subgenus EuaUomyces (<?), is out¬ 
lined in Pig. 1. Sexual reproduction is accomplished 
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Fm. 1. Life cycle of EuallomvQe*. 

by fusion of a small, motile, pigmented male gamete 
with a somewhat larger, motile, unpigmented female 
gamete. A year later, having discovered that the 
nuclei in sporophyti c hypbae had about twice the 
volume of those in gametophytfe hyphae, Kniep 
postulated that meiosis occurs in the resistant spor- 
.■ iOnstettaetin «eltow it 1 'V.. ' 


angia of Euallomycen and that there is an alternation 
of haploid gametophytes and isomorphic, diploid 
sporophytes. Similar studies subsequently led Sorgel 
(12, 13) to accept this concept, and Emerson (£) 
presented genetic evidence, obtained from interspecific 
crosses, which gave strong indirect support for 
Kniep’s interpretation of the life cycle. Although 
Hatch (4) had made a detailed cytological study of 
dividing nuclei in zygotes of Euallomycea and con¬ 
cluded that meiosis occurred at zygote germination, 
he later (5, d) denied the validity of his own inter¬ 
pretations and accepted Kniep’s hypothesis. 

Kniep himself was quick to recognize the unusual 
possibilities which AUomycee presents for experi¬ 
mental investigations of sexuality and reproductive 
behavior, and subsequent studies by others amply 
testify to the keenness of his insight. A variety of 
basic researches using this phycomyeete to investigate 
phenomena of apomuris, sex determination, irradia¬ 
tion action, nutrition, metabolism, and the physiology 
of spore-maturation, -dormancy, and -germination are 
of btl^torias in tbc TTiuted 
"it-: Neatfy all of this wutir 




July 22, 1949, VoL 110 


SCIENCE 


87 


is directly or indirectly related to chromosome be¬ 
havior, and the urgent need for exact knowledge of 
the meiotic divisions has become increasingly ap¬ 
parent By using the well-known aceto-orcein smear 
technique, the writers have recently succeeded in com¬ 
pleting a critical cytological study of meiosis in 
Allomyces. It is the purpose of the present note, 
therefore, to give a brief report of the observations 
which have been made and to emphasize the bearing 
of these findings on the future use of Allomyces in 
various phases of biological research and teaching. 

Resistant sporangia formed by sporophytic thalli 
grown on slants of yeast-starch agar (3) ordinarily 
become capable of germination three to. six weeks 
after their formation. At this time each sporangium 
contains about a dozen expanded, diploid nuclei in an 
advanced prophase stage. These sporangia are fully 
mature and, if air dried, they will remain viable and 
their nuclei will remain in prophasc without any fur¬ 
ther detectable change for periods up to at least ten 
years. When mature resistant sporangia are taken 
directly from moist agar cultures and placed in water 
at 20° to 25° C, they form and release spores in 
100 to 130 minutes. During this short interval the 
two meiotic nuclear divisions occur and are imme¬ 
diately followed by cleavage of the cytoplasm and 
organization of the zoospores. Each of these zoo¬ 
spores is haploid and normally uninucleate, and it 
has been determined that there are four times the 
number of zoospores per resistant sporangium as 
there were diploid nuclei at the start. Hence no hap¬ 
loid mitoses occur in the resistant sporangia. All of 
the nuclei in a given sporangium undergo meiosis 
almost simultaneously, and it has been possible to 
examine many preparations of each of the critical 
stages in both divisions. Careful analysis of meta¬ 
phase and early anaphase figures of meiosis I has 
shown that the haploid chromosome number is prob¬ 
ably 7 in A. arbuaculua and 14 in A. javanious var. 
macro gynus, Preliminary observations of meiosis in 
the F l resistant sporangia from crosses between these 
two species have revealed pairing of some of the 21 
chromosomes and random distribution of the re¬ 
mainder. 

The life cycle of Allomyces eystogenus, which is in 
the subgonus Cystogenea (3), differs strikingly from 


that of Euallomyces. As is shown in Fig. 2, there is 
no multicellular sexual plant, the zoospores from re¬ 
sistant sporangia becoming transformed directly into 
gametangial cysts, which release isogametes {14), 
Although various possibilities bad been suggested, 
nothing was known about the place of meiosis in this 
cycle until it was discovered in the present study. 
Aceto-orcein smears of resistant sporangia of this 
species revealed a sequence of events exactly similar 
to those just described. There are two meiotic nuclear 
divisions which just precede spore formation. In the 
entire life cycle, therefore, there is but one mitotic 
division of haploid nuclei, and this occurs during 
gametogenesis in the cysts. The haploid chromosome 
number of A, cystogenus appears to be 7. 

The winters wish to focus attention on the relation 
of the foregoing observations to certain matters of 
general significance. First, it has been tacitly ac¬ 
cepted for more than twenty years that meiosis in 
the common aquatic phycomycctes such as Saprolegnia 
occurs in the later stages of development of the ferti¬ 
lized egg, that is to say oospore. An examination of 
the literature, however, shows that virtually all of the 
evidence is negative, depending on studies which 
demonstrate that the nuclear divisions which precede 
gametogenesis are not meiotic. Indeed, although 
meiotic nuclei have been seen in several genera {1, 2, 
9,10), the present investigation appears to be the first 
critical step-by-step study of meiosis m an aquatic 
phycomycete, The successful application of the aceto- 
orcein technique tq Allomyces indicates that renewed 
efforts to examine the meiotic processes of other 
phycomycetes should be revealing, despite the gen¬ 
erally small size of the nuclei in these fungi. 

Second, it should be understood that the conclusive 
demonstration of meiosis in the resistant sporangia 
of Allomyces places it, as Kniep (8) has already 
indicated, in the unique category of a filamentous 
fungus in which there are true diploid nuclei in the 
vegetative hyphae. The picture becomes even more 
striking when it is realized that mitoses are diploid 
throughout the entire cycle of A. cystogenus, with 
the exception of the single haploid division involved 
in gametogenesis. This nearly complete suppression 
of the haplophaae is remarkably similar to that which 
occurs in some of the siphonaeeous green algae. It is 
also interesting to note the close parallelism between 
present concepts of haploidy in the water molds and 
the situation which existed about twenty years ego, 
when Bcbussnig (11) and others were demonstrating 
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the fallacy in the belief, generally hold at that time, 
that all green algae are haplonts. 

Third, it is obvious that knowledge of meiosis and 
specific chromosome numbers in AMomgcu is going 
to facJJiWtegreatly tbe plhnfiing and interpretation 
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of genetic studies with this fungus. The feasibility 
of bringing large numbers of nuclei into meioms at 
will on a definite time schedule will be of significance 
in future irradiation work. Self-fertility of the her¬ 
maphroditic sexual plants of Euallomyces makes pos¬ 
sible in a single karyogamy the production of homo¬ 
zygosity in diploids, while normal dominance relations 
can be studied in heterozygous diploids. 

Fourth, with 7 and 14 as basic haploid numbers, 
and with a considerable degree of interspecific com¬ 
patibility, there is a very promising outlook for cyto- 
taxonoruic research, a field in which fungi have played 
little or no part hitherto. 

Fifth, establishing the place of meiosis in Euallo- 
myces has finally put tills water mold in an excep¬ 
tional position as a laboratory organism with which 
to demonstrate with diagrammatic simplicity each of 
the basic structures and processes involved in a gen¬ 
eralized, sexual reproductive cycle. Sexual and asex¬ 
ual plants can be grown separately on ordinary lab¬ 
oratory media (3) and will produce their respective 
reproductive structures in profusion without special 
treatment. The release of gametes, haploid zoospores, 


or diploid zoospores can be induced at will in a given * 
time simply by placing gainr!:." r ia or sporangia in 
water. Arranged in terminal pan's, the male and 
female gametangia are distinguished by a striking 
color difference, the females being unpigmented, the 
males brightly colored with carotene. The difference 
in sisf and pigmentation of the gametes themselves 
makes it "possible to identify them after their emer¬ 
gence, and the actual process of syngamy can be fol¬ 
lowed under the ordinary compound microscopes pro¬ 
vided in an elementary laboratory. Surely few other 
organisms combine so fully and vividly those precise 
features required for an introduction to concepts and 
patterns of reproductive mechanisms in living things. 

With its ready growth of either diploid or haploid 
phase in pure culture, its uninucleate motile gametes 
and zoospores, its colorfully differentiated gametangia, 
its hermaphroditism and self-fertility, its distinctive 
resistant sporangia which can so conveniently be used 
to perpetuate stock strains, and its uniform rapid 
response to transfer from nutrient agar to water, 
AUomycea is an organism with outstanding possibili¬ 
ties in the fields of biological research and teaching. 
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AAAS lUcommenfUtion on Atomic Energy Act Amendment* 

The following memorandum, adopted by the AAAB Executive Committee at 
its meeting July 7, 1049, was sent to the McMahon Committee of the Senate: 

The Executive Committee of the American Association for the Advancement 
of Science urges upon your Committee and the Congress the exercise of searching 
scrutiny and objective consideration of any amendments to or revisions of the 
Atomic Energy Act which would affect seriously if not disastrously the nation ’a 
progress in research. Such progress has resulted in the past less from great ex¬ 
penditures of money than from freedom of publication and of communication among 
scientists. Research has little potential value until its results are public property. 

This Committee views with grave misgivings the proposal reported in the press 
that the export of radioisotopes for research by scientists in other countries bo pro¬ 
hibited by statute, on the ground that such research might be applicable to military 
developments, and its publication might be detrimental to our national interest. 

Any basic research has potential applicability to developments of all kinds, 
including military. This must be regarded as a small “calculated risk." The 
radioisotopes available to foreign scientists are of a kind not used in weapons, and 
their utility is preponderantly in tracer studies and medical research. The likeli¬ 
hood of their being employed detrimentally to our interests is practically nonex¬ 
istent, whereas the potential benefits to mankind are great. 

If there is hazard to us in the publication of results obtained abroad with 
radioisotopes, there is also hazard in publication of results of similar research dona 
in this country with radioisotopes; and the same kind of logic would lead to pro¬ 
hibition of such publication here as of shipments abroad. Prohibition of publica¬ 
tion would be highly detrimental to our interests, for research can thrive only in 
an S^aospheye of free interchange among scientists. **• 

search* In view of the indisputable fact that research is essential to our lender* 

It would be a serious matter indeed to proldbit export of radioisotopes (except 
** U it wotdd aiso toprefaibit freedom 

of pubfcicatJon ofreeulte of research in thl* country, in which radiototopes are used. 
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TECHNICAL PAPERS 


Nitrogen Mustard Inactivation of the 
Cytoplasmic Factor Kappa, in 
Paramecium aurelia, Variety 4 1 

Robert P. Geckler 2 

Z oology Department , Indiana University, Bloomington 

The growing importance of chemical mutagens and 
their use in experimental genetics make a sturly of their 
effects on cytoplasmic factors desirable. The present 
work is concerned with the effects of the nitrogen mus¬ 
tard, methyl bis(fifiMichloroethyl) amine, on the cyto¬ 
plasmic factor kappa, in Paramecium aurelia t variety 4, 
stock 51. 

The first experiments were designed to test the effect 
of nitrogen mustard on killer animals growing normally 
at 27° C. In experiment 1, 2 ml of a freshly prepared 
buffered solution (phosphate, pH 6) of the hydrochloride 
salt of nitrogen mustard in a concentration of 0.19 
mg/ml was added to- a Columbia dish containing approxi¬ 
mately 1000 killer animals in a Bmatl drop of culture 
fluid. Samples of up to 50 animals were washed and the 
animals were isolated individually and allowed to multi¬ 
ply for several days at maximum fission rate. At the 
end of this growth period, the cultures were tested for 
the presence of animals sensitive to the action of para¬ 
mecin, the antibiotic which is produced by killer animals 
and which is responsible for their killing action. The 
method for the determination of the character of a cul¬ 
ture Is as follows. Samples of the culture in question 
are mixed separately with known killer animals and with 
known sensitive animals. If killing occurs in the mix¬ 
ture with killer animals, the culture contains sensitive 
animals. If killing occurs in the mixture with sensitive 
animals, the culture contains killer animals. If killing 
occurs in both mixtures, both sensitive and killer animals 
are present in the culture. In this cose, the culture in 
question would show autolethality, i.e., the sensitive ani¬ 
mals in the clone would be killed by the killer animals 
present. This method for testing the character of a 
culture was used throughout the study. 

Experiment 2 was performed in the same manner as 
experiment 1. The exposing concentration was 0.424 
mg/ml and different time intervals for exposure were 
Used. Both experiments are summarised in Table 1. 

It may be seen from this table that some of the killer 
anima ls were changed so that they gave rise to sensitive 
progeny. It will also be noted tbat, in general, the 
heavier the exposure to nitrogen mustard, the greater the 

x TM§ investigation was supported by Indians University 
and by Rockefeller Foundation grants In aid of research on 
protowwm genetics at Indiana University. The nitrogen mus¬ 
tard WM sUpplied by DriBichSrd A. Ormtbee, of the Sloan - 
; ■-«» ^ ' 

Institutes nraeajth 


proportion of clones containing sensitive animals and the 
greater the proportion of completely sensitive clones pro¬ 
duced. Mortality also parallels the length of exposure. 
Killer animals not exposed to nitrogen mustard fail to 
produce sensitive progeny under similar conditions. 

One interpretation of these data is that kappa has 
been inactivated in varying amounts with the different 
exposures. The production of sensitive animals, there- 


TABI.E 1 

KrrucT or Nitrogen MTstabd on Animai.s Grown at 27* C 


Expt. 

Length of 
exposure 
(hr) 

% No. Total 
iao- No. 
lated tested* 

Fraction of 

containing 

any 

sensitive 

animals 

total tested 

containing 

only 

sensitive 

anlmalMt 

1 

0.167 

40 

40 

0.05 

o.oo 

1 

0.250 

46 

40 

0.02 

0.00 

1 

0.500 

49 

49 

0.43 

0.00 

1 

1.000 

42 

42 

0.48 

0.00 

3 

2.000 

50 

50 

0.56 

0.00 

1 

4.000 

49 

49 

0.12 

0.00 

3 

8.000 

49 

19 

0.68 

0.82 

2 

1.000 

39 

88 

0.95 

0.0R 

2 

2.250 

38 

38 

0.97 

0.84 

2 

4.000 

39 

31 

1.00 

0.82 

2 

6.250 

38 

16 

1.00 

0,75 

2 

24.000 

40 

1 

1.00 

0.00 


* Differences In the number Isolated and the number tested 
are due to mortality. 

t Clones containing only sensitive animals do not regain 
killing ability even when grown at one fission per day for 
three weeks. These clones, then, may be considered as hav¬ 
ing been derived from animals in which kappa was com¬ 
pletely destroyed. 

foro, means that the number of kappa particles remaining 
in an animal is small enough to allow the animals to be* 
come sensitive to paramecin action (£). Animals which, 
at fission, receive at least one particle of kappa are able 
to give rise to clones which contain killer animals because 
kappa, when not affected by nitrogen mustard, can mul¬ 
tiply more rapidly than the animals under the conditions 
of the experiments. Animals receiving no kappa are un¬ 
able to initiate kappa formation and so remain sensitive 
(4, 6, 6) . That this is the correct interpretation is shown 
by the experiments described here. 

The expansion technique (Sonneborn, unpublished) al¬ 
lows the mean kappa particle number of the progeny of a 
killer animal to be reduced to any desired level. This 
technique involves growing the animals at 83.8* 0, at 
which temperature the number of kappa particles fails 
to increase, and the animals undergo rapid fission, thus 
decreasing the number of kappa partible® within the ani¬ 
mals at each fission. The period of rapid fission at 33 J* 
0 is foUewed hy a period of slow fisrionrate at 2 V G, 
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at which temperature kappa can multiply fdeter than the 
animals. Those which contain at least one particle of 
kappa produce progeny with the full number and so yield 
killer clones. Those containing no particles remain senai- 
tive and yield sensitive clones. This provides a means 
for calculating the number of kappa particles present in 
the original killer animal. The number of kappa parti¬ 
cles present, on the average, in the progeny of a killer 
animal subjected to the expansion technique may bo cal¬ 
culated by the approximate relation P 0 = <r*% where P Q 
is the proportion of individuals with no particles, m is 
the mean number of kappa particles per animal, and e is 
the'base of natural logarithms (1). 

If inactivation of kappa particles has occurred in ani¬ 
mals exposed to nitrogen mustard, one can measure the 
extent to which this has occurred by comparing the mean 
number of particles in the progeny of exposed animals to 
that in the progeny of normal killer animals subjected to 
the expansion technique. , 

This comparison between animals exposed to nitrogen 
mustard (0.20 mg/ml) and animals exposed to buffer 
alone (controls) for a period of 7 min was made in ex¬ 
periment 3. A fresh solution of nitrogen mustard hydro¬ 
chloride in phosphate buffer (pH 6) was made up twice 
as concentrated as was desired for the exposure. One 
drop of this solution was used immediately by adding it 
to an equal-sited drop of buffer containing the animals 
in a depression slide. The two drops were mixed quickly 
by agitating the Blide, and after 7 min the animals were 
removed, washed three times in fresh culture fluid, iso¬ 
lated, and placed at 33.8 s 0 for rapid fission. The ex¬ 
posed animals underwent seven fissions, and the controls 
underwent eight fissions. Tbp results of carrying out 
these procedures on seven exposed and nine control ani¬ 
mals from the same clone are given in Table 2. 


TABLE 2 

Evfbct of Njtroukn Must Ait i> on thb Numbs* of Kappa 
Particles in Kills* Animals 


Animal 

No, 

No. Isolated 
and tested 

Fraction 

sensitive 

Mean No. of 
kappa particles 

P spaaed 

l 

127 

0.724 

0.3i!3 

2 

118 

0.797 

0.227 

8 

116 

0.788 

0.267 

4 

127 

0.874 

0.135 

5 

118 

0.780 

0,246 

6 

118 

0,797 

0.227 

7 

117 

0,667 

0.40H 




Avg 0.261 

Control 

1 

23ft 

0.2$6 

1.44 

2 * 

90 

0,222 

1.42 

8 

98 

0.002 

2.80 

4 

08 

0.148 

1.05 

0 

98 

0.122 

2,10 

6 

94 

0.100 

2.24 

..... 7 

27 

0.148 

1.91 

8 

29 

0.188 

1.98 

9 

24 

—'- 

0.167 

ITT 

'' Avfg 1.91 


From the proportions of sensitive animals produced in' 
the two series shown in the table, one may calculate that 
the average mean particle number for the progeny of the 
control animals was 1.01, whereas that for the exposed 
animals was 0.261. Since the controls went through one 
more fission than the exposed animals, the control value 
of 1.01 particles per animal must be doubled to make 
the vfittue comparable to that found in the animals ex¬ 
posed to the action of nitrogen mustard. The percentage 

. , . , . .261x100 

of kappa remaining after exposure is then r 

6 . 8 %, 

Experiments carried out using different lengths of ex¬ 
posure to nitrogen mustard indicate that the longer the 
exposure, the greater the percentage of kappa particles 
inactivated. 

This procedure cannot be placed on an accurate quan¬ 
titative basis at.the present time because the effects of 
temperature alone on kappa have not been thoroughly in¬ 
vestigated. There should be a way to correct for the 
effects of temperature after these have been studied in 
detail. 

The results reported here were confirmed with the aid 
of the light microscope, using the methods of Preer (3, 
4), The cytoplasm of killer animals contains Feulgen- 
positive particles which are not found in sensitive ani¬ 
mals, and which parallel the behavior of kappa. The num¬ 
bers of these particles exhibited by animals exposed to 
nitrogen mustard were much smaller than the numbers 
found in untreated animals. There then seems little 
doubt but that the staining reaction associated with 
kappa and its activity as regards the killer character are 
destroyed by the action of nitrogen mustard. 
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A New Method for the Study of 
Submicroscopic Spaces 

Ch* A. Baud And M. J. DalUmagne 

Imtitut d'HhtalogU, Btculti dm Hidhctum, 

Lyon, Prune* »nd Labormtolr* dm I totbhnt*, 

‘imtitut Supdrimur (PMdmcoHon Pbytlqu*, 

Vniv*r$Hd dm Ltig*, Bmlgifu* 

Proceeding with their research on the optical proper¬ 
ties of osseous snbstaued, ©aUemngnc and Melon (*) 
attempted to obtain diagram curves of structural double 
refraction of the organic Constituent of bone. State the 
results, which vrill be published, have shown anomalies in 
the general aspect of the diagrams* we have been looking 
for ft different technique for scanniiqj the submicroseopte 
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Fro. 1. Mineralised bone embedded iu methyl nietha- Fio. 2. Tlie same material after treatment by hydro* 
crylate (jwdarlzed light). chloric acid, the “bone ghost" (polarised light). 


gpaceB occupied by the organic substance in bones. 

Slices of dry bone (200-300 p, thick) were Bawed, then 
boiled (290° C) in anhydroun glycerol containing 6% 
KOH, until no trace of organic substance remained, ac* 
cording to Gabriel's method (3). 

The bone slices were then carefully washed with dis¬ 
tilled water, dried, and embedded in methyl methacrylate 
according to the technique of Coudert and Baud (1). 

The preparations immersed in the pure monomer were 
placed in & vacuum until no more air bubbles escaped. 
Afterwards the preparations were introduced into slightly 
polymerized methacrylate and left for 12-24 Ur at 56* C 
in airtight containers in the presence of benzoyl peroxide; 
the polymerization of the plastic was then accomplished. 

The Plexiglas block was abraded on both faces by a 
grindstone until the embedded specimen reached the sur¬ 
face; it was then polished, 

Exami ned under the microscope, both in ordinary and 
polarised light, the object showed, of course, the usual 
picture of 'mineralized osseous substance* Between 
crossed Nicola, it showed a retardation corresponding to 
impregnation with a medium having a refractive index of 
1.400, which is the refractive index of polymerized methyl 
methacrylate (Fig. 1), The specimen was then im¬ 
mersed in a solution of normal hydrochloric acid and 
kfyi fibers until*6 morn gas escaped, thus showing that 

all the earbonate was converted into chloride and that the 

«bst««toe of bono had>mp>etely disappeared. 

* In after this treatment, we cannot detect traces 


of bone when the plastic block is dissolved in. acetone. 
However, such preparations, free from the initially em¬ 
bedded mineral substance, still look like ordinary osseous 
slices. Actually, this appearance is due solely to methyl 
methacrylate deposited in the submicroseopic spaces of 
mineralized bone. Thus, we have a * * bone ghost.'' 

In polarized light, wo observe a picture topographically 
identical with the one obtained before hydrochloric de¬ 
struction of the mineral substance (Fig. 2). 

On the one hand, methacrylate becomes set in the sub- 
microscopic spaces originally occupied by the organic 
constituents which are liberated through deproteiniza- 
tion; on the other hand, the mineral particles removed by 
hydrochloric acid leave free spaces that can thereafter be 
filled with liquids endowed with a different refractive 
index. 

By means of such easts, it is possible to establish struc¬ 
tural double refraction curves without fear of getting 
results spoiled by accidental influences (swelling, altera¬ 
tion by reagents, etc.). 

The results of our optical research on “bone ghosts" 
will he published in detail elsewhere. 

■ t 
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Levels of Adaptation and Brightness 
Changes During Color Adaptation 

Dorothea Jameson and Leo M. Hurvich 

Color Control Department, Eastman Kodak Company 

In an article which appeared recently in Science ($), 
Jozcf Cohen has restated the major generalizations which 
summarize his data on color adaptation {£). Intensity 
according to these generalizations, increases during color 
adaptations The increase, while independent of the hue 
of the stimulus, is dependent on its saturation and in¬ 
tensity. The general conclusion concerning the change 
in intensity stands in direct contradiction to the findings 
of a number of earlier investigators, who usually con* 
eluded that brightness (intensity) decreased rather than 
increased durifig the course of color adaptation ( 1, 6, 
7,8). 

Cohen is well aware of this major discrepancy. He is 
also aware of the lack of complete agreement among pre¬ 
vious investigators concerning other aspects of color adap¬ 
tation, and he reports (S) an experiment designed to 
determine the source of the discrepancies. Most investi¬ 
gators have described their stimuli only in terms of color 
appearance. Cohen, therefore, tested the hypothesis that 
color adaptation of the eye is a function of the spectral 
composition of the stimulus and not of its tristimulus 
values (or appearance)* Although the stimuli used by 
different earlier investigators may be comparable as re¬ 
gards triatiimilus values, unrecognized differences in the 
physical compositions of various stimuli might have led 
to different adaptive effects. Cohen *s experimental re¬ 
sults were, however, negative. Stimuli of different spec¬ 
tral distributions but of the some tristimulus values pro¬ 
duced no appreciable differences in color adaptation. 
Although this finding is not without its own intrinsic 
interest, the discrepant results concerning brightness 
changes during color adaptation still remain unexplained. 

An analysis of the experimental methods and pro¬ 
cedures used by most investigators, including Cohen, sug¬ 
gests an alternative explanation in terms of differential 
adaptation effects. The specific aim in color adaptation 
studies of this sort is to, determine the manner in which 
a visual sensory effect, produced by a test stimulus of 
fixed intensity (luminance) and spectral distribution, 

»Cohen uses the word intensity to specify both the psycho¬ 
logical and physical dimensions. His conclusions, however, 
refer specifically to measured physical variations in a match¬ 
ing stimulus during color adaptation. Given certain known 
psychophysical relations between stimulus Intensity and sen- , 
sation, such measurements are frequently Interpreted aV In¬ 
dicative of changes in the psychological dimension, and to 
descri&e them the, word brightness, rather than intensity, is 
more commonly used. For specifying the stimulus, luminance 
Is preferable to intensity. Intensity Is restricted to the 
specification of point sources, while luminance, measured In 
lambsrts or foot lamberts, specifies the intensity per unit of 
proleetftd area of source. (Bee Colorimetry Report Refer¬ 
ence Since tbs older work with which the present paper is 
oonoerned has been reported and dlscuseed in terms of ‘Wttam- 
ht» inlenriar^ thls ueage 1* retained in the present discussion 
to avoid confoften. • 


varies with continued exposure, The variation in bright¬ 
ness, for example, is measured by equating to the test * 
field after various timet of exposure a comparison stimu¬ 
lus of variable intensity which stimulates a spatially 
separate retinal area in either the same or the other eye. 
Changes in the matching intensity of the comparison field 
are then taken as measures of the adaptive effect in the 
tee* area, 

Unfortunately, however, in studies of this sort the 
responses evoked in the comparison area are, like those 
of the test area, also conditioned by initial and subset 
quent states of adaptation. Even if pne were to assume, 
as Cohen does in his experiments, that a static or equi¬ 
librium state can be maintained in the comparison area 
. during the course of the measurements, the initial level 
of adaptation of the comparison area still exerts a deci¬ 
sive influence upon the result. Visual comparisons between 
two discretely stimulated retinal areas depend not only 
on physical stimuli but upon the respective adaptation 
levels of both areas. Craik, in an extensive study of the 
effects of adaptation on* brightness, has given a striking 
experimental demonstration of the extent of this de¬ 
pendence s. 11 . * , an illumination of 3 e.f.o. presented 
to the dark-adapted left eye is judged subjectively equal 
to the adapted brightness of 15,000 or 75,000 e.f.c. pre¬ 
sented to the right eye" (8, p. 239). 

Since brightness equations made during the course of 
color adaptation depend on the relative adaptation levels 
of the visual test area whose adaptive changes are being 
measured and the visual comparison area which iB used 
to measure these changes, the conflicting results which 
have been reported may very probably be due to different 
relations between these two levels in different experi¬ 
mental 

An examination of experiments in which a decrease 
in brightness of the test area during color adaptation is 
reported shows that the retinal comparison area Is 
adapted to a lower illuminance level than the test area. 
Except for flash exposures necessary to make & color 
match to the test field, the comparison area is unatimu* 
lated during adaptation to the test color. The compari¬ 
son area is in effect dark-adapting. Since its sensitivity, 
relative to that of the test area, Is increasing with time, 
it is therefore to be expected that leas and less light will 
be required for an equation to the test brightness. 

It follows directly that opposite effects should occur if 
the adaptive levels and consequently the relative sensitivi¬ 
ties of the two areas are reversed. With the adapting il¬ 
luminance of the comparison area higher than that of the 
t«st patch, the intensity required for a match would bs 
expected to increase during adaptation, as it did in 
Cohen % experiments* Were this one of his experlmental 
conditions, the unexpected direction which hie results 
took might readily be explained. In his experiments, in 
contrast to Other investigations, tike retinalcomparison 
area was continuously stimulated during the adapting 
periodby whathe call* a neutral > 
i»^ghtaess >, ft p. 109). Unfortunately, the intimstty 
-level :1s not -'f- ■■ 

' patch ■' 
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if any, change, i.e., the retinal processes were in equi¬ 
librium” (£, p. 109). In the absence of precise specifi¬ 
cation of the adaptation levels of the test and comparison 
areas, the proposed explanation lacks experimental con¬ 
firmation. The following experiments are intended to 
provide such confirmation. 

The apparatus used in these experiments was a form of 
monochromatic colorimeter. The field sizes and posi¬ 
tions, pre-exposure times, and adaptation controls wero 
identical with those used in the Cohen investigation (see 
$ for details). Observations were binocular, with both 
the test and comparison fields viewed by each of the two 
eyes. Judgments, however, were restricted to one psy¬ 
chological dimension—namely, brightness. To test the 
effects on brightness equations of differences in the rela¬ 
tive adaptation levels of the test and comparison areas, 
three separate color adaptation experiments were per¬ 
formed. The stimulus intensity of the test color was the 
sume in all three experiments. The adapting intensity of 
the neutral comparison field, while always within a, range 
which might be considered of medium brightness, was 
less than, equal to, or greater than that of the test field 
in the separate experiments. The general result for two 
observers is shown in Fig. 1. 



Fid. 1. 


The lower curve in Fig, 1 indicates that the intensity 
of the comparison field necessary for a brightness equa¬ 
tion to a test field of fixed stimulus intensity decreases 
with an increase in the time of adaptation. For this 
result, the achromatic adapting illuminance of the retinal 
comparison area was about one-tenth that of the colored 
test arm Xn the second experiment, on the other hand, 
the comparison area was adapted to approximately the 
same illuminance level as the test area. In ibis case, the 
cum Aoya that there was wary little change in the 
matching intensity during the course of the adaptation 
period. Fiaalfyv the upper curve shows the matching in¬ 
tensity to increase with an increase in adaptation them 
H*re, the adapting inun^ the comparison area 

wee about ten times that of the ^ fhe 


increase in intensity under these conditions is similar to 
the result obtained by Cohen. The presumption seems 
warranted, therefore, that Cohen’s experimental condi¬ 
tions were also comparable, and that the adapting illu¬ 
minance of his retinal comparison area was, in fact, 
higher than that of his test area. 

The results shown in Fig. 1 have been confirmed for 
each of two observers for two hues and two levels of test 
color illuminance. In eli eases, the direction taken by the 
intensity function obtained is specific and reproducible, 
and depends on the relation between the adaptation levels 
of the retinal test and comparison areas. Fig. 1 conclu¬ 
sively demonstrates that the increase in intensity reported 
by Cohen cannot be accepted as a general law of color 
adaptation, any more than the decrease reported by other 
investigators cun be so considered. 

The curves presented in Fig. I are, in effect, equal 
brightness contours for different adapting levels, deter¬ 
mined over specified periods of time and for particular 
experimental conditions. They reconcile the apparently 
discrepant results which have been interpreted as repre¬ 
senting the manner in which brightness varies during the 
course of color adaptation. Actually, these curves cannot 
be taken to represent the manner in which the brightness 
attribute of a color varies with adaptation. They are 
functions which result from the variations of two sensi¬ 
tivities , variations in the test and comparison areas. The 
test sensitivity cannot be measured independently unless 
it is guaranteed that the comparison area is maintained 
at a constant level which is the same as the initial level 
of the test area. That a constant state of sensitivity 
can be maintained in the measuring area of the retina 
has long been doubted. To quote Almack, “That this 
can be accomplished under such unusual circumstances as 
are imposed in an adaptation series is highly improbable 
. . . the choice of a method of equivalents is, we believe, 
an unfortunate one for rating loss of sensitivity by adap¬ 
tation” (I, p. 33). Further research alone will deter¬ 
mine the validity of this point of view; It mast again 
be emphasised, however, that even if the measuring area 
is demonstrated to be constant in sensitivity, results 
would still represent only relative changes from the speci¬ 
fied initial sensitivity of the test area to subsequent 
states produced by adaptation to the retinal test illumina¬ 
tion. Nevertheless, with complete specification of the 
experimental conditions, and with fnll awareness that re¬ 
sults obtained in this manner represent events of a rela¬ 
tional nature only, they, like any other measurable phe¬ 
nomena of color vision, provide much useful information. 
They require and will ultimately receive a necessary ex¬ 
planation in terms of underlying physiological processes. 
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Measurement of Ionizing Radiations 
in Vivo 1 

Benedict Cotton end Lawrence Curtis 
Medical School, Vnivertity of California at tot Angela 

It is well known that the intensity of roentgen rays 
can be quantitatively measured by using a photomulti¬ 
plier tube to pick up the light from a fluorescent screen 
exposed to these rays. It has occurred to various in¬ 
vestigators that the light from the screen can be trans¬ 
mitted by various types of optical systems to the photo¬ 
cell. The optical system does not have to produce an 
image; in its simplest form it is an internally reflecting 
tube or light pipe. For roentgen-ray intensities used in 
therapy the amplification of the photomultiplier tube is 
far greater than is necessary for convenient measure¬ 
ment. This leeway suggested the possibility that the 
system would still be sensitive enough if the light pipe 
had a very small diameter and the fluorescent screen 
occupied a vety small area at the end of the light pipe. 
It seemed possible that the light from the screen could 
be piped through a hypodermic needle or through small 
diameter Lucite or quartz rods for insertion in body 
cavities. Both these possibilities have been realized, per¬ 
mitting direct measurements of roentgen-ray depth doses 
in vivo. The first system tried used Lucite rods of *4-in. 
and %-in, diameter and about 10 in. long. With the 
view in mind that ultimately these rods could be used to 
transmit separate scintillation pulses instead of a steady 
light level, the ends of tlie rods were turned in a parabolic 
section as shown in Fig. I; a small hole was drilled 
to the focus of the parabola and a very small amount of 
luminescent zinc sulfide phosphor was pushed into the 
bottom of the hole. The rods were then aluminized by 
evaporation and coated with a black varnish. The total 
internal reflection from Rn air interface could not be 
depended upon, since in use the rods are frequently im¬ 
mersed in water. This arrangement would give a much 
smaller number of scintillations than could be had by 
cutting the end of the rod square and coating it with a 
layer of fluorescent crystals, but much more light from 
a single scintillation could be collected and reflected 
along the inside of the rod. This arrangement still had 
plenty of reserve sensitivity for roentgen-ray dose 
measurements, thus permitting a very fine-grained re¬ 
solution of isodose curves to be determined. 

To illustrate the potentialities of this arrangement the 
isodose Curves were plotted in a pail f of water subjected 
to a beam of 65-kv roentgen rays. Fig. 2 shows the 
arrangement used. As the %-in. rod still had plenty of 
reserve sensitivity, work was Started to pipe light from a 
speck of fluorescent material through a hypodermic 
needle to the photocell This worked very well with a 
No. 15 needle. An internally polished needle gave more 
than twice the tespouse of an unpolished one. The 

^ms paper is based on work performed under Contract No. 
AT-OVl-afflN-13 hemm tko Atomic Utaergy Comnrtwhm and 
thV University of 


July 22, 1949, Vol. 110 


needles were polished internally by running them hack 
and forth on a stretched copper wire charged with polish¬ 
ing compound. In these tests the needles were not 
Lucite-fiUed* A few grains of sine cadmium sulfide 
phosphor (Patterson type B) were stuck on a tiny 
tapered Lucite plug, which was forced in a short distance 
up from the point of the needle. The needle could be 
inse^ed "into an animal in the usual manner. It was in* 
% 



Fio. 1. 


sorted into the abdomen of an anesthetized rat to meas¬ 
ure the abdominal depth dose for 60-kv roentgen rays. 
The dose measured in the abdomen in this case was found 
to be about 60% of the surface dose. The wall of the 
needle absorbed an undetermined amount of radiation, 
but this had no effect on the relative readings or on the 
ability of the device to be calibrated for any particular 
voltage quality of radiation. The luminosity of the 
screen per r-unit per minute depends on voltage quality 
and falls off considerably for radium y -rays. A low 
atomic number phosphor showing only Compton scatter¬ 
ing absorption should have a calibration independent of 
voltage quality but will produce a much smaller total 
luminosity than the highly efficient known phosphors con¬ 
taining higher atomic number elements. However, sine 
sulfide should be considerably better than sine cadmium 
sulfide In this respect, sinoe for voltages higher than the 
100-kv range the K energy level of Zn is only about 9.5 
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kv. Although the photomultiplier tube (1P2X) is more 
sensitive to the blue light from sine sulfide than from 
the yellow-green light from sine cadmium sulfide, the 
latter gave more response at 60 to 80 kv, presumably 
because of its greater absorption. 

The experiments with the long Lucite rods were per¬ 
formed without any amplifier added to the photomulti¬ 
plier tube. An amplifier of current gain of about 10s 
was constructed and used to observe the alpha particle 
pulses. This amplifier was not a d-e amplifier, so that it 
could not be used for measuring a steady luminosity level 
unless a mechanical chopper wore used to interrupt the 
light entering the photomultiplier. However, it was easy 
to observe the half-wave pulses of X-rays from self- 
rectified X-ray tubes, even at extremely low levels. The 
intrinsic noise level, mostly due to shot effect from the 
thermionic emission of the photocathode of the photo¬ 
multiplier tube, was easily observable with the full gain 
of the added amplifier. The extra gain is necessary to 
pick up alpha particle scintillations through the hypo¬ 
dermic needles and scintillations caused by beta rays. 

Alpha particle scintillations on the sine cadmium sul¬ 
fide phosphor were so high as compared with the noise 
level that it was fairly easy to observe scintillations 
through the polished No. 15 needle. Further work is in 
progress to improve this technique and investigate the 
possibilities of measuring the local concentration of beta 
activity of radioisotopes in vivo . It has been found 
possible to turn Lucite rods of sufficiently small diameter 
to slide inside a No. 15 needle. These are coated with 
evaporated aluminum and a few crystals of fluorescent 
material are stuck on one end. The method of insertion 
is to slide them into the needle so that the screen end ie 
slightly retracted from the beveled end of the needle. 
The needle is inserted to proper depth and then the 
Lucite rod is pushed on so that the screen end slightly 
protrudes into the tissue. One-mm-diam optically clear 
quarts rods gave even better results than the Lucite, but 
they have the disadvantage of being fragile. 

Concerning the Specificity of Chicken 
Pancreas Conjugase 1 * * 4 

W. Dtbrawikt,* Anna Katinke, and M. Laskowski 

Department ef Bjocb*mi$try, Marquette Unlvenity School 
of Medicine, Milwaukee 

In a previous paper of this series (f), the conclusion 
was reached that chicken pancreas coujugase should be 
classified as y-glutamic acid carboxypeptidase. The min¬ 
imum requirements for the length of the peptide chain 
of the substrate could not have been established at that 

1 Aided by grant* from tne ltonner Foundation, I»c. ( the 

titosion df Rossfcrith Grant* and Fellowship, of the National 

InStitutM Of Health. U. 6. Public Health Service, and the 
ishn and Mary R. Markle Foundation. 

4 On leave of absence from the Agricultural Institute, 


time* While it was suggested that pteroyl-y-diglutonuite 
was the end product of the reaction, the possibility of 
premature terinination of the reaction, due to inhibition 
by the products formed, was not excluded. 

We were able to study some recently synthesized deriva¬ 
tives of ptoroylglutamic acid.* The mothods used were 
the same as those previously described (1). The results 
are summarized below: 

Equivalent* of 


Substrate glutamic acid 

recovered 

Pteroyl-crdiglutamate . 0 (or traces) 

Pteroyl-y-diglutamate . 0 (or traces) 

Pteroyl-a-a-triglufcamate. 0.0-0.2 

Ptoroyl-Y,v*t r lg[l u tnmate .. 0.4-1.0 

p-Aminobenzoyl*Y-Y“triglutamate ... 0.5-1.0 


Since pteroyl*Y'diglutamate was not attacked by the 
enzyme, it represents the end product of digestion of 
the substrate by chicken pancreas conjugase. These data 
confirm our previous hypothesis and are in agreement 
with the findings of J. J. Pfiffneri who isolated the di¬ 
glutamate from a digest of pteroylhoptaglutamate with 
this enzyme. The minimum requirement for the number 
of glutamic acid residues for the substrate was, therefore, 
established at three. 

In three out of five experiments with a,a-triglutamate, 
free glutamic acid was recovered. But the speed of 
hydrolysis of the alpha linkage was less than one-half 
that for the gamma linkage. Contrary to our previous 
conclusion, it appears that the chicken pancreas conju¬ 
gase hydrolyzes the gamma linkage preferentially , but 
not specifically. The final decision must be withheld, 
however, until a purer enzyme is available. 

The rate of liberation of the microbiologically active 
substance at various stages of purification of the enzyme 
was also studied. The ratio of the units of activity 
found with h apt a glutamate 5 as substrate divided by the 
units found with triglutamate varied from 1: 2 to 1: 8, 
with an average value of 1: 4.2. The calculated value 
for the diglutamate as the end product of the reaction 
is 1: 6; for the monoglutamatc, 1: 3, In spite of con¬ 
siderable variation in experimental results, there was no 
tendency for a change in this ratio with increasing 
purity of the enzyme. This indicates that the liberation 
of microbiologically active substance from heptagluta- 
mate is achieved by a single chicken pancreas conjugase, 
in contrast to the hog kidney conjugase, which has t*o 
components (£)♦ 

Reference* 

1. Kazenko, A.* and Laskowski, M. J. Mol, Chtm.. 1048, 

173, ill, 

2. Mims, V., and Bioo, O. D. Vitamin Symposium, AAAB 

Conference. ColbyCdllege, August i04S. 

•Obtained through the courtesy of B. t, R, Stokstad, 
Lederie Laboratories Division, American Cyanaxnld Company. 

4 Wscusaton at the Federation Meeting, Atlantic City, *#43. 
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Hie Site of Action of Some Chemical 
Agents in Diminishing Normal and 
Excessive Muscle Tension 1 * 8 

Wilbur K. Smith, Philip Dodge, Charles Lut trail, 
and Alexandra Foldm&hn 

Department of Anatomy, The University of Rochester, 
School of Medicine and Dentistry, Rochester, New York 

The ability to reduce or to efface normal muscle ten¬ 
sion or to lessen or abolish states of increased tension in 
inuscle by the administration of drugs not only promises 
new knowledge concerning neuromuscular mechanisms, 
but also offers the possibility of aid to those suffering 
from disorders in which excessive muscular tension is a 
prominent and disabling feature. Furthermore, the de- 
termination of the exact site of action of chemical com¬ 
pounds on central neurons may ultimately lead to the 
successful utilisation of appropriate substances In a num¬ 
ber of disorders and diseases of the nervous system. 
Among the chemical agents which are known to possess 
the property of reducing muscle tension, curare and its 
derivatives, especially n-tubocurarine, the erythroidine 
compounds, and myanesin have received the most con¬ 
sideration. 

The relaxing effect of curare on muscle tension is gen¬ 
erally considered to be due to blockade of the motor 
nerve endings, and the degree of relaxation is thought to 
be in direct proportion to the number of motor nerve 
endings affected. Thus, the term curare-like action when 
applied to a drug is generally understood to mean that 
the drug is able to effect a partial or complete motor end- 
plate block. It is an important and well-known observa¬ 
tion that partial blocking of the motor nerve endings In 
the extremity muscles can be attained with curare before 
paralysis of the respiratory mechanism. This affords a 
basis for the administration of curare in order to in¬ 
crease muscular relaxation during anesthesia for surgery. 

The effect of curare on muscle function has been ex¬ 
tensively studied by Bremer and his associates (4-6). 
They found that small doses temporarily abolished or 
considerably diminished the extensor rigidity of decere¬ 
brate cats, without significantly affecting phasic re¬ 
sponses. This differential effect was explained on the 
hypothesis that light curarization activated the latent 
fatigue which existed at the neuromuscular junctions 
undergoing continuous bombardment by the tonic im¬ 
pulses, and hence altered the endings in such a manner 
that those impulses producing the rigidity were mere 
easily blocked than those concerned with phasic re-" 
■ponses. All available evidence supports the view that 
curare exerts its relaxing effect on muscle by action at 
the motor nerve endings. However, it should be pos¬ 
sible to bring about reduction in muscle tension from 
action on central neural mechanism*. Our investiga¬ 
tions on the two types of compounds, other than curare, 

1 hided toy V grant from the National Foundation tor In- 
fautUeFaraiysia. 

* **** Mtthmidiiw cvmpounda w*re soppltwl by March and 
Co, aad t^ n«r*tteaia toy »w *. 
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which have been most used for reducing muscle tension— 
namely erythroidine and myanesin—have revealed the fact 
that in the case of these drugs a central action exists. 

The erythroidine alkaloids were first Isolated by Folk- 
ers and Major (7) and the initial pharmacological stud¬ 
ies were made by Unna, Kniazuk, and Greslin ( 11 ), and 
Unnu^and Greslin ( 10 ). Of the Erythrina alkaloids 
Mated, both dihydro-p-erythroidine hydrochloride and 
(i-eryfliroidine hydrochloride wero found to possess a 
curare-like action, i.e., they abolished the contraction of 
striated muscle to excitation of its motor nerve fibers 
while the response to direct excitatjon of the muscle re¬ 
mained. In addition to confirming these findings of a 
curare-like action, we have found that the erythroidine 
compounds are able to exert a relaxing effect on muscle 
tension by central action. This effect is evident with 
doses considerably smaller than those producing complete 
end-plate blockade, but it becomes masked by larger 
doses which block transmission at the motor ending. In 
the normal nonanesthetized cat or monkey the adminis¬ 
tration of appropriate doses of either compound, orally 
or parenterally, produces muscular relaxation without abol¬ 
ishing spontaneous muscular movements or tendon re¬ 
flexes. As the dose is increased, spontaneous movements 
disappear and greater relaxation of muscle tension is 
secured, but even with a considerable degree of muscular 
relaxation the tendon reflexes remain present, although 
reduced and easily fatigued, and the muscle contracts 
upon excitation of the muscle nerve. With still larger 
doses, the deep tendon reflexes aTe no longer elicitable, 
the animal becomes completely paralysed, the muscle 
no longer responds to stimulation of its nerve, and pa¬ 
ralysis of respiratory movements ensues. With the ery- 
throdine alkaloids, the added amount of drug necessary 
to paralyze respiration after beginning muscular relaxa¬ 
tion is large enough to afford a considerably greater 
margin of safety than in the cose of n-tubocurarine and, 
as regards the two erythroidine compounds, the margin 
of safety is greater with ^-erythroidine hydrochloride 
than with dihydro -^-erythroidine hy drobromide. 

The amount of erythroidine required to produce dif¬ 
ferent degrees of erythroidinization varies considerably 
and significantly os regards cat and monkey. In the 
nonanesthetized cat the amount of dihydro-p-erythroidine 
required to produce initial relaxation of muscle tension 
when given intravenously at the rate of 0.5 mg/min was 
found to vary considerably from animal to animal, rang¬ 
ing from 0.20 to 0.2i mg/kg. With continued adminis¬ 
tration, the degree of relaxation gradually inereases until 
complete relaxation and abolition of spontaneous move¬ 
ment8 is attained with a dose of 0.4-0.5 mg/kg. Pa¬ 
ralysis of respiratory movements ensues when 0J-l M 
mg/kg has been Injected. In contrast to these findings 
on cats, intravenous administration of the compound to 
monkeys (Uaoaca entfotta) at the irate of 1 mg/min was 
found to produce initial relaxation of muscle tension 
with 4MI mg/kg f Practically complete relaxation with 
loss of spontaneous movements occurs when mg/kg 
has been given, and xe^^to37 movem«nte cease after 
8J-4J.4 mgyitg. It appears, therefore, that the attest 
necessary to produce a given effeet varies considerably, 
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not only from genus to genus, but also among individuals 
of any one species. 

Tor the initial studies of the effect of these drugs on 
increased muscle tension, the standard preparation of the 
decerebrate cat was utilized. In such an animal it has 
previously been shown by Smith {10) that the adminis¬ 
tration of either of the two erythroidine compounds 
causes a gradual and complete relaxation of the rigid 
extremities without abolition of the tendon reflexes and 
without paralysis of respiratory movements. The amount 
required to produce relaxation of muscle tension was 
found to be approximately the same os in the case of 
nonanesthetized animals. When the excessive tension is 
completely abolished, the tendon reflexes are still present 
and respiratory movements persist. Continued adminis¬ 
tration of the drug produces paralysis of respiratory 
movements with a dosage similar to that required in ex¬ 
periments on nonanesthetized animals. With the advent 
of respiratory paralysis, tendon reflexes are no longer 
elicitable even though adequate oxygenation is insured 
by artificial respiration. Retention of the tendon re¬ 
flexes in the state of abolition of the abnormal muscular 
tension, and the finding that at this stage the muscle is 
excited by stimulation of its nerve, suggests the possi¬ 
bility that the initial relaxing effect of the erythroi¬ 
dine compounds is not due to motor end-plate block, but 
to action of the drug on the central nervous system. 
Further investigations support this view by revealing 
that the crossed extensor reflex is abolished before loss 
of the knee jerk, although in every instance the knee jerk 
is diminished and exhibits the fatigability seen when the 
compounds are administered to nonanesthetized animals. 

We next directed our attention to myanesin (o-toloxy- 
1,2-propanediol) in order to determine if it possessed a 
more discrete differential action on neuromuscular mech¬ 
anisms than had been observed with erythroidine. This 
compound, when administered in appropriate amounts, 
has been shown by Berger and Bradley (I, g) and Berger 
(£) to produce muscular relaxation and paralysis in ani¬ 
mals anesthetized with chloralose without cessation of 
respiratory movements and without abolition of the knee 
jerk. They also found that contraction of the muscle 
through excitation of its nerve was not abolished except 
with doses larger than those necessary to produce pa¬ 
ralysis of the extremities. Our investigations designed 
to yield information concerning the loous of action of 
the drug were first conducted on nonanesthetized cats. 
Administration of an aqueous solution of myanesin in¬ 
travenously at the rate of 10 mg/min was found to pro¬ 
duce a progressive generalised decrease in muscle ten¬ 
sion, resulting in its complete abolition and in the dis¬ 
appearance of all spontaneous movements when approxi¬ 
mately 125 mg/kg had been injected. At this stage, 
respiratory movements continued and the knee jerks were 
still present, but the flexor withdrawal reflex to noxious 
cutaneous stimuli was abolished. 

In experiment* employing decerebrate cats, it was 
found that myanesin, like erythroidine, produced a pro* 
gnewtve relaxation of the muede tension to tbe point of 
The amount required was consider¬ 


ably less than that necessary to abolish tension in the 
nonanesthetized animal. Even at the stage of complete 
relaxation, the muscle responded to stimulation of its 
nerve and knee jerks were elicitable, although both crossed 
extensor reflex and flexor reflex were abolished. 

Analysis of the above experiments naturally led to the 
conclusion that myanesin had a differential action on 
central mechanisms, leaving intact the myotatic reflexes 
as exemplified by the knee jerk, but rendering inactive 
the reflex path for the flexor and crossed extensor re¬ 
flexes. Further delimitation of the field of activity was 
attained by use of spinal animals. In spinal cats, with 
level of transection through the lower thoracic region, 
appropriate amounts of myanesin were observed to exert 
the same discrete differential effect on the spinal reflexes 
as in the decerebrate animal. 

The interpretation of these results in the light of pres¬ 
ent day concepts of spinal cord structure and function 
affords information even more definitive concerning the 
probable locus of action. Current concepts of functional 
organization of the spinal cord, largely influenced by the 
investigation of Lloyd ( 8 , 9), hold to the view that the 
crossed extensor reflex, the flexor withdrawal reflex, and 
other somatic reflexes elicited in response to cutaneous 
stimuli are mediated over pathways containing inter¬ 
nuncial neurons interposed between the entering afferent 
fibers and the motor neurons innervating the reacting 
muscles. On the other hand, myotatic reflexes, of which 
the knee jerks and ankle jerks are well known examples, 
are considered to be effected by the incoming afferent 
impulses exciting the somatic ^motor neurdns directly 
without the intervention of interneurons. Inasmuch as 
our experiments clearly demonstrate that these several 
responses which at present are considered to involve in* 
tormincial activity are abolished by erythroidine and 
myanesin in appropriate amount, while the myotatic re¬ 
flexes remain in effect, it seems likely that both drugs 
are able to exert a relaxing effect on muscular tension by 
action on spinal internuncial neurons in such a manner 
as to produce a partial or complete internuncial blockade. 
The precise manner by Which this is brought about must 
be determined by further investigations. 8 
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Comments and Communications 


Distinction between Acetylcholine-Esterase and 
Other Choline Ester-splitting Enzymes 

During the past few years, choline ester-splitting en¬ 
zymes have been studied by many investigators. One 
of the problems involved has been the question of the 
existence of an esterase specific for acetylcholine—a 
question of considerable interest in view of the important 
- physiological function of this ester. Much information 
has been obtained and the facts are, with a few excep¬ 
tions, in good agreement. However, the picture may. 
appear confusing, due mainly to the lack of a consistent 
classification and terminology. It is the purpose of this 
note to proposo a clRsaiflcation and a terminology which 
may contribute to clarifying the situation. 

The question of the existence of an esterase specific 
for acetylcholine was first raised by Stedman, Stedman 
and Hasson (Biochem J. 1932, 26, 2056). These in¬ 
vestigators thought that the enzyme which they prepared 
from horse serum was specific for choline esters, al¬ 
though not for acetylcholine, since it split butyrylcholine 
at a higher rate.than acetylcholine. Later experiments, 
however, have shown that the esterases present in some 
sera are hot specific for choline esters, although they 
Split them faster than noncholine esters (Vahlquist, B. 
Skam&SAroK Bhyeiol., 1935, 72, 133; and Glxok D. J. 
biol Chem ,, 1938, 128,*729; 1939, 130, 527; 1941, 137, 
357). Alles and Hawes found that the esterase in red 
blood cells differs markedly from the serum esterase (J. 
biol. Chem., 1940, 133, 375). The former is inhibited by 
high concentrations of acetylcholine in contrast to the 
latter; it hydrolyses aeetyl-p-methylcholine, which is not 
split by serum esterase (Glick, op. oit.). Bichter and 
Croft (Bioohm «/., 1942, 36/ 745) confirmed these ob¬ 
servations and found the red cell esterase highly specific 
for acetylcholine. Brain esterase was found to be simi¬ 
lar to the red cell esterase (Zell**, E. A. and Bisbeookh, 

A. Helv, chim . Acta, 1943, 20, 1019; Nachmansohn, D. 
apd Bo*HUNMcna, M, A. J, biol . Chem ./1945, 158, 653). 
These two esterases do mot split benzoylcboline (Mendel, 

B. , Mundel, D. B., and Budney, H., Biochem. 1943, 37, 
473). Testing a variety of esters and esterases of different 
tissues, Nacbmansohn and Bothenberg showed that the 
esterase in all conductive tissue, nerve and muscle, and in 
erythrocytes has a number of well-defined properties. In 
addition to a well-defined optimum acetylcholine concen¬ 
tration, described previously, they found that the enzym£ 
splits propionylcholine at the same or at a lower rate 
than acetylcholine, whereas butyrylcholine was shown to 
be split at a very low rate or not at all. At a concentra¬ 
tion optimal for acetylcholine, noncholine esters were 


at a higher rate than acetylcholine and butyrylcholine at 
a higher rate than propionylcholine. 

The importance of studying the enzyme activity as 
Amnion of substrate concentration for all esters has 
been'‘emphasized by K. B. Augustinsson (Acta, physiol . 
8cand. t 1948, 15, Buppl. 52), Testing the activity as 
function of substrate concentration, he found that fhe 
esterases from conductive tissue And erythrocytes have 
the same optimum substrate concentration for propionyl- 
choline and butyrylcholine, whereas, e.g,, for acetyl-p¬ 
ine thy lcholine they have a different optimum ( J . biol. 
Chem., in press). Noncholine esters, like trincetin, show 
entirely different activity-substrate concentration rela¬ 
tionships. At very high substrate concentrations, hydroly¬ 
sis rate may be even higher than with acetylcholine. 

From all these investigations it is obvious that there 



Fig. 1. Acetyloh<>HM'€tteru«t. Source; electric tissue 
of Bltctrophorui elect Horn. Actlvity-pS curves for the 
enzymatic hydrolysis Of various eaters. 

- ----- - • Acetylcholine <A<3h) ; 

* -• butyrylcholine (BtrCh); 

• - # propionylcholine <BrCh); 

O - - . O DL-aoetyK^methylcholiae; 

x-~-x triacstin (TA). 


split at a very low rate or not at all. The observations 
included a virtually pure esterase preparation obtained is a type of ©sterase whiOh is highly specific for acetyl? 
from the electric tissue of Bleetrophorme eloatrious. In oholine,altfcough this specificity i* relaU™ 

«te£ki»g eontrMt to thh type of eotenwo, ortorawa of Into. Wfc.roae th« foot* ooouuuloted piMfttt * 
otfcw **•«*■» thot of •et<im, «plit pfopiooylebolino dear pietiuo, bo agroaoMBt, aiatoooaeoraiBf to* tom* 
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used for the different types of choline ester-splitting 
enzymes. Zeller distinguishes the enzymes according to 
the material where they were first found and described. 
Nachmansohn and Rothenberg referred to the enzyme in 
conduct!re tissue and erythrocytes as a cholinesterase 
specific for acetylcholine, but a term distinguishing this 
type from other choline ester-splitting enzymes appears 
desirable. Augustinsson defined as cholinesterase all 
those esterases which, at substrate concentration optimum 



fric, 2, Choline#tera*e. Source; human Mrum. Ac¬ 
tivity ~p8 curves for the enzymatic hydrolysis of various 
Symbols the same as in Fig. 1. 

.1 {of aiestylfikolin®, split tbit wrttt ftt * higher rata than 
ft*7 0 ther e*ter- Since h« included in thic ckwtiflcMian 
Ike «r»m Mterw^thit dcflnlticn mat be invited. 
M«kU 1*»4kit nesoeietee introfiaeed tbe term* ‘'true*' 


and “ pseudo 1 * cholinesterase. In contrast to the find¬ 
ing of other investigators, Mendel and Budney found an 
optimum rate of acetylcholine hydrolysis by brain es¬ 
terase to be below 0.0002 M substrate concentration. 
This optimum rate, at an extremely low acetylcholine 
concentration, they consider to be the decisive difference 
of “true" as compared with the ** pseudo ** cholinester¬ 
ase, for which they found an optimum of above 0.02 u. 
These data were based on inadequate techniques (Nach¬ 
man son n, D. and Rothenberg, M. A. 3. biol. Cham., 
1945, 158, 653). The experiments were not carried out 
under optimal conditions, especially in regard to the salt 
concentrations (Augustxnsbon, K. B. Acta physiol . 
Soand. t 1948,15, suppl. 52). Also, the expressions * * true * ’ 
and ** pseudo n enzyme have met general opposition by 
enzyme chemists (Glxok, I>. Science , 1945, 102, 100). 

Since there exists a type of esterase with well-defined 
properties and highly specific for acetylcholine, we sug¬ 
gest the use of the term acetylcholine-esterase (ACh- 
esterase) for this enzyme. Its moBt outstanding char¬ 
acteristics may be summarized as follows: It has a high 
affinity to acetylcholine, that is, the Miohaelis constant is 
small. The turnover number is high. No other ester is 
hydrolyzed at a higher rate. The enzyme splits prepi- 
onylcholine at the same or at a lower rate, butyrylcholine, 
at a low rate or not at all. Noncholine esters are not 
split or at a low rate. The enzyme has a low affinity to 
these latter esters. If the enzyme activity is plotted 
against log m acetylcholine concentration, a bell-shaped 
curve is obtained, consistent with the theory of Haldane 
about inhibition of enzyme by excess of substrate (see 
Fig. 1). The AOh-esterase occurs in conductive tissue 
(nerve and muscle) and in erythrocytes. Esterases with 
similar characteristics occur in a few special cases, like 
snake venom and Helix blood (Augustinsson, K, B. 
Acta physiol. Scand 1048, 16, suppl. 52), although these 
enzymes have a few distinct features a* compared with 
the ACh-esterose of conductive tissue. 

The properties of acetylcholine-esterase make it pos¬ 
sible to distinguish this enzyme from othet esterase* 
There are other esterases, e.g., in setae sera, and in the 
pancreas, which split choline embers at a higher rate than 
noncholine esters. According to the usual enzymalOgicai 
terminology, these esterases may be called cholinesterases, 
as was originally proposed by Stedman for the serum 
esterase. Their physiological substrate is at present un¬ 
known and so the name seems at least temporarily appro¬ 
priate. These esterases as compared with acetylcholine- 
esterase have a high Michaelis constant for choline ester* 
They are not inhibited by high concentrations of acetyl¬ 
choline, Hydrolysis rate increases with increasing length 
of the acyl chain (from acetyl to n-butyryl) (Fig. 2). 

It is hoped that the classification and terminology 
proposed may help to avoid further confusion. The term 
ACh-esterase, moreover, will associate this type of enzyme 
with its physiological substrate, at least in nerve and 
muscle tissue, where a function of acetylcholine appears 
fairly well established. 

KLAS-BWMU Augubtotsson 
Cohmbio University D*vri> Nachmansohn 
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Contributions to the anthropology of the Soviet Union* 

(Publ. 8947.) Ilenry Field. (Compiler.) Washing¬ 
ton, D. C.: Smithsonian Institution, 1048. Pp. vii + 

244. (Illustrated.) $2.00. 

This volume, which is a compilation of recent Soviet 
data pertaining to the archaeology and physical anthro¬ 
pology of the USSR, is certainly the most comprehensive 
and ambitious of Dr. Field's long and very impressive list 
of valuable publications dealing with the study of man 
in the lands administered by the Russians, Dr. Field 
acquired the bulk of hie material in Moscow and Lenin¬ 
grad during June and July, 1945, when he was a delegate 
to the Jubilee Session celebrating the 220th anniversary 
of the founding of the Academy of Sciences of the 
USSR by Peter the Groat. These meetings, known as the 
All-Union Conference on Archaeology, were attended by a 
total of 150 delegates. In chapter I, Dr. Field has ably 
summarized the scope and significance of the most im¬ 
portant papers presented at this conference. Collectively, 
these reveal that Soviet sciontisis are now prepared to 
admit without reservation the fact that archaeological 
investigations in the USSR duriug the past twenty-five 
years have contributed a wealth of new and important 
material bearing on the problem of the origin of the Slavs 
and the development of humanity from Palaeolithic times 
do the Middle Ages. 

V. V. Bunak, who prepared chapter II, lias included 
brief accounts of the fossil human remains found at 
Teehik-Tash, Southern Bukhara, and Kiik-Koba, Crimea, 
as well as some general comments regarding current re¬ 
search on skeletal material from various sections of the 
USSR, racial studies in Siberia and the Caucasus, and 
Investigations of a joint anthropological-medical nature 
on growth changes in the human body. Chapters in and 
IV are devoted entirely to archaeology, the former being 
a translation of a paper by P. P. Efimenko and N. A, 
Beregovaia published in 1941 on "Palaeolithic Sites in 
the USSR." It presents a comprehensive summary of 
some 804 Palaeolithic localities in European Russia and 
Siberia based on the data available during 1938; how¬ 
ever, all bibliographic references have been deleted from 
the translation. Under the heading "Miscellanea Arch* 
aeologia," the title of chapter IV, Dr. Field has as¬ 
sembled a series of items of archaeological interest from 
the Ukraine, Crimea, Black Sea coast, Caucasus, Armenia, # 
Don region, Volga region, Urals, Russian Turkestan, and # 
Siberia. In many instances these supplement notes Were 
previously published by the author on the same general 
subject 

Mere thanone-half of the book (total: 181 pages) ooh- 
irists of a series of studies based on the results obtained 
by Soviet physical anthropologists, together with observe* 
thms recorded by Dr. I4eW hinmelf ln the Soviet Union 
during Se^ andO«tober,i934. The mo«t im¬ 
portant m mm ftu*iae, which areunder the 


general heading " Miscellanea Anthropologla" (chapter 
Y)f concern the peoples of the Western Pamirs, the 
Mountain Tajiks, the peoples of Uzbekistan, the Kazakhs, 
the Turkomans, and the Turkish peoples of the USSR. 
Other sections of this chapter are devoted to a description 
of the so-called Tardenoisian skeletoy from Fatma Koba, 
Crimea, a summary Of the palaeo-anthropology of the 
Lower Volga area (third millenium B. C. to the third 
century A, D.), the results of various craniological studies, 
including 14th and 16th century Tartars, Kalmyks, 
Ulchi, Yakuts, Orochis, and Aleuts, as well as short dis¬ 
cussions on the origin of the Mongols and Eskimos, and 
blood groups in the Caucasus and of the Turkomans. 
The extraordinary range and wealth of material presented 
here testifies to Dr. Field’s broad understanding of racial 
problems, particularly those bearing on Asia. All Ameri¬ 
can anthropologists will await with interest the forth¬ 
coming publication of his Contribution* to the anthro¬ 
pology of the Caucasus* In the meantme, the Smithsonian 
Institution is to be congratulated for bringing out the 
present volume, and commended for the excellence of the 
format employed. This is a book which no student of 
either Old World prehistoric archaeology or physical 
anthropology can afford to be without. 

Hallam L. Movius, Jh. 
Peabody Museum of Archaeology and Ethnology t 
Harvard University 

Readings t» the history of psychology. Wayne Dennis. 

(Ed.) New York: Appleton-Century-Crofta, 1948. 

Pp. xi + 587. $4.75. 

This is the first such volume of selected readings, all 
presented in the English language, to appear since 1912. 
It is timely in that psychology has changed much in the 
last forty years. The compiler has chosen 01 classics 
that are based mostly on investigation and experimenta¬ 
tion. Articles are reprinted in full; monographs and 
books are represented by excerpts. The arrangement is 
chronologies! by date of publication, and full bib¬ 
liographical data are given. Borne readings are as short 
as one or two pages: aone exceeds eighteen. 

There are two readings from Aristotle; all the others 
date from the 17th century of later; half are more recent 
than Wundt's founding of experimental psychology in 
1879. Thirty are 19th century and eighteen 20th century 
contribution*, the latest by C. L. Hull in 1980. Two to 
four selections are made from the works of some of the 
outstanding figures in the history of psyeholegy^for 
example, Thomas Young, E. H. Weber, Helmholtz, Galton, 
CatteR, Thorndike, K$hler, Lashley, and Binet and Simon. 
Such emphasis seems appropriate in assembling scientific 
material from a total of 46 contributor* to the more 
intinadj$te background of' modem. psychology as' usually. 
taught in American colleges and univsrsiries. 
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In arriving at his dual selection, the compiler, on the 
basis of hie own teaching experience, first drew up a list 
of 48 titles, which he submitted to a group of 14 psy¬ 
chologists for criticism and suggestions on serious omis¬ 
sions. The final list of 61 choices represents his attempt 
at a balance between the wealth of material and the space 
available in one volume. He frankly admits that " . . . 
many important contributions to psychology could not be 
included. ’ ’ Although some who teach psychology will 
doubtless discover regrettable omissions, they will, on the 
other hand, probably find here much If not most of what 
they would wish to have conveniently available to their 
elementary students. Historical classics in scientific 
literature become increasingly rare and original texts 
suffer from exposure to the wear and tear of reading by 
large classes. It is important that worthy classics should 
be reprinted in accessible form and the compiler and 
publisher have made a real contribution toward this end. 
The volume has a good index for names, but unfortunately 
has none for psychological topics. It has been planned 
more for supplementary use in course teaching than for 
individual study in working up the background of special 
fields and subjects in psychology. A bibliography of texts 
and articles on the history of psychology might appro¬ 
priately have been included; however, general students 
of this modern scientific subject will benefit from the well- 
arranged compilation. 

W. R. Miles 

Fate University 


Aufgab* dwr Ptycbologie: Ef*e Getcbicbt* ibrer Problem*, 

(The Task of Psychology: A History of its Problems.) 

Paul v. Schiller. Vienna, Austria: 8 p ringer-Verlag, 

1048. Pp. 283. $4.00. 

This book is an enlarged and revised translation of a 
Hungarian original published in 1040 by the Hungarian 
Academy of Sciences. It endeavors to reestablish the 
unity of psychology by pointing out its Historical center¬ 
ing about the concept of action ( Bandlung ), with its 
prime emphasis on overt behavior and adjustment to en¬ 
vironment rather than on the introspective aspect of 
human responses. The latter aspect is seen as subordi¬ 
nate to the former, somewhat in the manner of the Ameri¬ 
can functionalists and of Biihler. Ancient and medieval 
writers, such as Plato, Aristotle, Augustine, and Thomas 
receive more than their usual share of attention, and with 
t hem the philosophical issues tied in with the history of 
psychology. The originality of the author is at its best 
In these chapters. 

Much of the presentation of modem American writers, 
primarily «ueh “motor bebavtortoto” aa Tolmaa and 
Laahtoy, is obviously maant to be informative on a rela¬ 
tively elementary level attd ; adapted to the seeds of the 
anther's Hungarian students—whose only praotieabje 
somss to the type of foreign literature involved may well 
have been this book. After a dlsousston of psyehoaualysl*, 
behaviorism, tyttm psyehologr and some of the older 
peyeholegieal ayatema, the ianthor eoneludea with a, gen¬ 


eral discussion of the role of psychological needs and 
motivation in the framework of action. 

Egon Bsunswik 

University of California at Berkeley 


Storia natural* del $*uo. Emanuele Padoa. Turin, Italy: 

Giulio Einaudi, 1948, Pp. 560. (Illustrated.) 2100 

lire. 

This book on the biology of sex, written during the 
war under very difficult conditions, is one of the most re¬ 
markable biological works that have come out in Italy 
during these years. Dr. Padoa, professor of biology at 
the University of Siena, has worked for many years in 
these problems and has contributed some fundamental 
researches to the problem of sex biology. He has done 
an excellent job in presenting here in a clear and simple 
way problems that are sometimes made very complex. 
One of the book’s most outstanding features is its wealth 
of information; the reader finds hero all the most in¬ 
teresting data on sex biology in plants and animals, 
always interpreted by the use of modern genetics. Prob¬ 
lems of genetics of sex, cytogenetics, phj f sio!ogy of re¬ 
production, phenotypic and gonotypic sex determination, 
chemistry of sex hormones in vertebrates, experimental 
sex reversal, and sex evolution are all discussed. 

To examine the subjects discussed in the chapter on 
gonetic determination of sex, for oxample, there are 
sections on gonetic determination of diplonts, crossing of 
a heterozygote with a recessive homozygote, numerical 
ratio of sex, sex in identical twins, sex chromosomes, in¬ 
heritance of characters linked to sex (man, Drosophila, 
cat, Melandrium, chicken, butterflies), equilibrium of sex 
genes, genetic distribution in the gametopliyteB of the 
aplodiplonts, determination of sex with zygotic reduc¬ 
tion, sex in hermaphrodites, and sterility in plants and 
animals. All the other nine chapters of the book pro¬ 
vide just as thorough treatment of their subjects. 

Another interesting feature of the book is its report¬ 
ing of research on sex biology done in Europe during 
the war years and not yet well known in the United 
States—for example, the works of Hartmann and his 
school in Germany, on the physiology of reproduction in 
the echinoderms, and findings in the same field at the 
Zoological Station of Naples during the war years. 

In spite of the vast amount of material, the Teal prob¬ 
lem is never lost in details, but always emerges clear 
and viyid. 

At the end of each chapter there are references to re¬ 
view articles and other collateral material, besides the 
references to original literature for those who wish to 
go more deeply into a particular subject. 

This book may be well recommended both to biologists 
who Want to keep informed of new problems and to 
students Who want to become acquainted with this part 
of modem biology, 

, &INA Castelnxjovo 

Via Boneompapni IG ■ 

Some, Italy "■■■ 
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Scientific Book Register 


Burk, B. E., and Grummitt, Oliver, (Eds.) High 
molecular weight organic compound a, (Frontiers in 
Chemistry, Vol. vi) New York: Interscience, 1949. 
Pp. ix + 330. (Illustrated.) $5.50. 

Coburn, Alvin F., and Young, Donald C. The epi¬ 
demiology of hemolytic streptococcus during World 
War IT in the United States Navy. Baltimore: Wil¬ 
liams ft Wilkins, 1949. Pp. 229. (Illustrated.) 
$4.00. 

Conn, Howard F, } et al., (Ed.) Current therapy 1949: 
latest approved methods of treatment for the practic¬ 
ing phymoian* Philadelphia: W. B. Saunders, 1949. 
Pp. xxxii + 672, $10.00. 

COURNAND, AnDR 2, BALDWIN, JANET 8., and HlMMEL- 
rtkin, Aaron. Cardiac catheterisation in congenital 
heart disease: a clinical and physiological study in 
infants and children. New York (22): Common' 
wealth Fund, 1949. Pp. viii+108. (Illustrated.) 
$4.00. 

CoxETER, H. 8. M. The real projective plane . STew 
York: McGraw-Hill, 1949. Pp. x + 19G, (Illustrated.) 
$3.00. 

David, F. N. Probability theory for statistical meth¬ 
ods. New York-London; Cambridge Univ. Press, 
1949. Pp. ix + 230. $3.50. 

Fine, Jacob. Care of the surgical patient: including 
pathologic physiology and principles of diagnosis and 
treatment. Philadelphia: W. B. Saunders, 1949. Pp. 
xvi + 544. (Illustrated.) $8.00. 

Gates, Frank C. Field manual of plant ecology. New 
York: McGraw-Hill, 1949. Pp. xv + 137. (Illus¬ 
trated.) $3.00. 

Gerard, R. W. Unresting cells. (Beiasue.) New 
York: Harper, 1049. Pp. xv + 439. (Illustrated.) 
$4.00. 

Goeteel, Claus G. Treatise on powder metallurgy: 
technology of metal powders and their products. 
(Vol. 1.) Now York: Interscience, 1949. Pp. xxvii + 
778. (Illustrated.) $15.00. 

Griffin, Carroll Wardlaw. Inorganic quantitative 
analysis . Fhiladelphia-Toronto: Blakiston, 1949. Pp. 
xiv + 368. (Illustrated.) $4.50. 

Hauell, K* J., and Cox, Arthur. Engineering optics: 
the principles of Optical methods in engineering meas¬ 
urement . New York (19)*: pitman Publ, 1948. Pp. 
xiv + 411. (Illustrated.) $7.50. 

Halt,, Marguerite F. Public health statistics. (2nd 
ed., rev.) New York: Faiil Hoeber, 1049. Pp. xxvii 
+ 441. (Illustrated.) $7.50. 

Hardenburg, E, V, potato production. Ithaca, New 
York: Comstock, 1949 Pp. xi + 270. (Illustrated.) 
$ 8 . 00 . 

Hartman, / Frank A., and Brownell, Katharine A. 
The adrenal gland. Philadelphia: Lea ft Febiger, 
5$L (XUwstrated.) $12.00. 


Hatch, Melville H. A century of entomology in the 
Pacific Northwest . Seattle; Univ. of Washington 
Pr&i, 1940. Pp. v + 42. (Illustrated.) $1.50. 

Hatcher/YVYlliam H. An introduction to chemical 
seimce, (2nd ed.) New York: John Wiley, 1040. 
Pp, x + 440. (Illustrated.) $4.00. 

Hunter, George W., and Hunter, F.jR. College zool¬ 
ogy. Philadelphia: W. B. Saunders, 1040. Pp. xi + 
821. (Illustrated.) $5.80. 

Kaufman, William. The common form of joint dys¬ 
function: its incidence and treatment. Brattleboro, 
Vt.: E. L. Hildreth, 1049. Pp. xi + 208. 

King, G. Brooks, and Caldwell, William E. The 
fundamentals of college chemistry. New York: Amer¬ 
ican Book, 1949. Pp. viii + 536. (Illustrated.) $4.00. 

Krantz, John C., Jr., and Carr, C. Jellrff. Fharma- 
oologic principles of medical practice. Baltimore: 
Williams and Wilkins, 1949. Pp. xv+980. (Illus¬ 
trated.) $10,00. 

Nicolai, Georg Fr. La seguridad oientifica: cuatro 
discursos del metodo de las denotes naturales . San¬ 
tiago: University of Chile Press, 1948. Pp. 245. 

Banoappa, K. 8., and Achata, K. T. The chemistry 
and manufacture of Indian dairy products. Banga¬ 
lore, India: Bangalore Prntng. & Pblg., 1948. Pp. 
vi + 189. Price Bs, 10/-. 

Eider, Paul R. Intermediate algebra for colleges. New 
York: Macmillan, 1949. Pp. x + 242. $2.75. 

ltosEBuftv, .Theodore. Peace or pestilence: biological 
warfare and how to avoid it* New York; Whittlesey 
House (McGraw-Hill), 1949. Pp. 218. $2.75. 

Bommerfeld, Arnold. (TrafcB. by Ernest G. Straus.) 
Partial differential equations in physics. New York: 
Academic Press, 1949. Pp. xi + 335. $5.80, 

Hynge, John L., and Griffith, B. A. Principles of 
mechanics. (2nd ed.) New York: McGraw-Hill, 1049. 
Pp. xvi + 530. $5.00. 

Wbiber, Harry Boyer. A textbook of colloid chem¬ 
istry* (2nd ed.) New York: John Wiley; London: 
Chapman ft Hall, 1040. Pp. x + 444. (Illustrated.) 
$5.50. 

Wilson, A, J. C. E-ray optics: the diffraction of X-rays 
by finite and imperfect crystals. London, W.C.2: 
Methuen, 1949. Pp. vii + 127. (Illustrated.) 6/. 

Zworykin, V. K., and Bamberg, E. G, Photoelectricity 
and its application* New York: John Wiley; Lon¬ 
don: Chapman ft Hall, 1949. Pp- xii + 494. (Illus¬ 
trated.) $7.50. 

-- Child health services and pediatric educa¬ 
tion* (Report of the Committee for the Study of 
Child Health Services, American Academy of Pedi¬ 
atrics, with the cooperatienof the U. 8- Public Health 
Service and the U. S. Yorks 

Commonwealth Pond* 1040. Pp. xxy + 270. (Mu* 
trated.) $3.50. ; ’V 
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NEWS 

and Notes 

An amendment to the indepen¬ 
dent office* appropriations bill HR 
4177, calling for fall FBI investi¬ 
gations of all fellows under the 
program of the Atomic Energy Com- 
mission, lina boen prepared by Sena¬ 
tor O'Mahoney, Scheduled for in¬ 
troduction when the bill comes before 
the Senate, it reads as follows: * * No 
part of any appropriation contained 
in this title for the Atomic Energy 
Commission Bhall be used to confer 
a fellowship on any person who 
advocates or who is a member of an 
organisation or party that advocates 
the overthrow of the Government of 
the United States by force or vio¬ 
lence or with respect to whom the 
Attorney General finds, upon inves¬ 
tigation and report by the Federal 
Bureau of Investigation on the 
character, associations, and loyalty 
of whom, that reasonable grounds 
exist for belief that such person is 
disloyal to the Government of the 
United States: Provided, That any 
person who advocates or who is a 
member of an organization or party 
that advocates the overthrow of the 
Government of the United States by 
force or violence and accepts em¬ 
ployment the salary, wages, stipend, 
or expenses for which are paid from 
any appropriation contained in this 
title shall be guilty of a felony and, 
upon conviction, shall be fined not 
more than $1,000 or imprisoned for 
not more than one year, or both: 
Provided further. That the above 
|>enal clause shall be in addition to, 
and not in substitution for, any other 
provisions of existing law.*' 

Another amendment to the Atomic 
Energy Act of 1040 was introduced 
by Senator McMahon as 6. 2215 on 
Juiy 7, placing further limitations 
upon the Commission. This bill pro¬ 
poses that “the authorisation of 
<feffgr«as shall be required . , . with 
to the total amount of money 
aad eontract authorisation annually 


requested , . . before the appro¬ 
priation of any funds for the Com- 
mission's use shall be authorised . n 
By means of this amendment Con¬ 
gress would, in effect, acquire direct 
control over every “ substantial ac- 
tivity, project, or operation under¬ 
taken or to be undertaken in accord- 
and with the provisions of this Act . 9 9 

The National Science Founda¬ 
tion bill, H, R, 4048, which has been 
approved by the Committee on Inter¬ 
state and Foreign Commerce, is being 
held up in the Rules Committee, 
Apparently that committee is re¬ 
luctant to bring the bill to the House 
of Representatives for vote because 
of the current economy drive. Mem¬ 
bers of the Rules Committee are: 
Democrats —Adolph J. Sabath (Illi¬ 
nois) chairman, E. E. Cox (Georgia), 
Howard W, Smith (Virginia), Wil¬ 
liam M. Colmor (Mississippi), Ray 
J. Madden (Indiana), John E. Lyle, 
Jr. (Texas), John MeSweeney 
(Ohio), and James J. Delaney (New 
York); Republican *—Leo E. Allen 
(Illinois), Clarence J. Brown (Ohio), 
James W. Wadsworth (Now York), 
and Christian A. Herter (Massachu- ‘ 
setts). 

Detlev W. Bronk, chairman of 
the National Research Council and 
president of Johns Hopkins Univer¬ 
sity, delivered the annual Croonian 
Lecture of the Royal Society of 
London on Juno 30. Dr. Bronk spoke 
on the rhythmic action and respira¬ 
tion of nerve colls. 

Carroll L. Birch, associate pro¬ 
fessor of blood diseases and tropical 
medicine at the University of Illinois 
Medical School, has left on a six- 
month expedition to the west coast 
of Africa. During her stay in 
Africa, Dr. Birch will make side 
trips to the Belgian Congo, the Gold 
Coast, Liberia, and Nigeria, and into 
remote sections of French Equatorial 
Africa to obtain specimens of 
disease-spreading organisms for nee 
in courses at the medical school. 
She will also do research work on na- 
tives with various forms of malaria 
and sleeping sickness. 

Frink O. Young, chairman of the 
Department of Chemistry, University 
College, London, has been appointed 


professor of chemistry at Cambridge 
University. Dr. Young recently 
visited the U. S. to participate in a 
symposium on diabetes at the Army 
Medical Department Research and 
Graduate School. 

D. J. Hughes, division director of 
the Experimental Nuclear Physics 
Research Division, Argonne National 
Laboratory, has resigned to accept a 
position as senior physicist at the 
Brookhaven National Laboratory, 1 
Upton, New York. 

J. K. F. Holtfreter, of the Zool- 
ogy Department at the University of 
Rochester, will be guest lecturer foT 
the summer session at the Depart¬ 
ment of Histology and Embryology 
of the Faculty of Medicine, Univer¬ 
sity of Montevideo, Uruguay. 

Visitors to U. S. 

Recent visitors at the National 
Bureau of Standards were H. 
Powell, research chemist, Anglo 
Iranian Oil Company, Research Sta¬ 
tion, Sunbury-on-Thames, England; 
James Brown, lecturer in mechani¬ 
cal engineering and applied mechan¬ 
ics at the Royal Technical College of 
Glasgow, Scotland; Hernando Po¬ 
sada, general manager, Instituto de 
Cr6dito Territorial, Bogota, Colom¬ 
bia; Gerardo A. Imperial, profes¬ 
sor of chemistry at SiUiman Univer¬ 
sity, Philippine Islands; Gordon 
Weston, assistant director of the 
British Standards Institution, Lon¬ 
don; W. W. Vardssieau, chemist, 
National Research Council of Hol¬ 
land; Virginia E. Matting, research 
assistant, Cavendish Laboratory, 
Cambridge University, England. 

The National Vitamin Founda¬ 
tion has announced six new grants- 
in-aid for research in problems of 
nutrition in health and disease. The 
awards, effective July 1, were made 
to Leonard J. Goldwater and Mau¬ 
rice S» ShiiSf Columbia University 
School of Public Health; Winslow T, 
Tompkins, Pennsylvania Hospital, 
Philadelphia; Ernest Geiger, Univer¬ 
sity of Southern California School 
of Medicine; Egbert W. Beit lie and 
Thomas F. linger {separate grants), 
both of Western Reserve University 
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School of Medicine; and Willard A . 
Krehly Yale University. 

The Carnegie Corporation has 
made a three-year grant of $90,300 
to the University of Minnesota for 
research in the social sciences, in¬ 
volving the fields of political science, 
psychology, and anthropology. The 
program will be carried on through 
the university's Laboratory for Re¬ 
search in Social Relations. Further 
Information may be secured from 
John G. Barley, Assistant Bean of 
the Graduate School, University of 
Minnesota, Minneapolis 14. 

Tha Honor,Scroll Award of the 
American Institute of Chemists will 
bo presented to Otto Eisenschiml, 
president of Scientific Oil Com¬ 
pounding Company, at a meeting of 
the Chicago Chapter on October 7. 
Dr. Eisenschiml is being honored 
for his work in the chemistry of 
vegetable oils. 

The National Research Council 
of Canada has awarded fellowships 
totaling $76,500 to 38 graduates in 
medicine to enable them to pursue 
postgraduate research during 1949- 
60. The fellowships vary in amounts 
from $1,500 to $2,500. The grantees 
represent 11 universities, including 
one in Australia, one in Scotland, and 
one in China. Eight of the research 
centers are located in Canada, five in 
the United States, and one in Eng¬ 
land. 

Colleges and Universities 

A group of Princeton University 
physicists will spend six weeks 
aboard the U.B.B. If Orion Bound mak¬ 
ing cosmic ray experiments at sea. 
The experiments will be conducted 
by two scientifically independent 
groups under the direction of John 
R. Winckler and George Neilson 
Whyte, The Winckler group will use 
balloons for a determination of the 
energy distribution of the primary 
cosmic rays and relative number of 
rays having positive and negative 
electrical charges. The Whyte group 
will undertake two experiments; 
uum^r and site of nuclear explo* 
•ions due to cosmic ray particles as 
a function of altltadej ond determina¬ 
tion ofthenumber of slow neutrons 
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present in the atmosphere as a func¬ 
tion of altitude. It is expected that 
information obtained will contribute 
toward determining the source of 
cosmic rays and give basic informa¬ 
tion necessary for the study of very 
high energy nuclear interactions and 
the forces which hold-tthe nucleus 
together. 

The New York University Col¬ 
lege of Medicine has received a ship¬ 
ment of snails infected by a parasite 
which transmits the tropical disease 
schistosomiasis. Claude H. Barlow, 
parasitologist, brought the snails 
from Egypt, where they infest the 
irrigation canals, serving as host for 
the larva worm. Dr. Barlow deliber¬ 
ately infected himself with the di¬ 
sease several years ago in order to 
study it and received the Modal for 
Merit last year in recognition of his 
contribution to science. Fifty-four 
percent of all Egyptians are affected 
by the disease. The university will 
conduct an intensive research project 
to find methods of eradicating schis¬ 
tosomiasis. 

■ Meetings and Elections 

The United Nations announces 
that arrangements for reserved seat¬ 
ing space at its Scientific Confer¬ 
ence on the Conservation and Utili¬ 
zation of Resources (see Soienoo 
April 29, page 452) will be made for 
those who request such reservations 
in advance of the conference, August 
I7-8eptembor 6. The meetings will 
be open to the public, and attendance 
of scientists and other technical ex¬ 
perts interested in resource use and 
development is particularly welcome. 
Those interested should write directly 
to the United Nations, Lake Success, 
New York, addressing letters to the 
attention of Alfred J. Van Tassel, 
Executive Secretary, UNSCOUR. 
If seating space is available, it will 
be possible to moke reservations by 
telephone one day in advance, up to 
the last day of the conference. Calls 
should be made to D. J, Walsh, 
UN Admissions Officer, Fieldstoae 
7-1100, Extension 2126 or 2156. Not 
more than two reservations can be 
made by a telephone call. 

The Meteoriticai Society will 
hold its twelfth annual meeting Sep* 
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tember 6-7, at the University of 
Southern California, Los Angeles. 
Chairman of the program committee 
is John A. Russell, Department of 
Astronomy, University of Southern 
California, Los Angeles 7. 

The fourth meeting of the Con¬ 
ference on Low Temperature Cal¬ 
orimetry will be held at the Mass¬ 
achusetts Institute of Technology on 
September 10 in conjunction with the' 
International Conference on the 
Physics of Very Low Tempera¬ 
tures, scheduled September 6-10. 
Further details can be supplied by 
J. C. Slater, Department of Physics, 
M. I. T., Cambridge, Massachusetts. 

The summer meeting of the North¬ 
eastern Division, American Phyto- 
pathological Society will consist of 
a tour through various parts of New 
Jersey September 8-9. Diseases 
of various crops will be studied in 
tho field, particularly those crops 
unique to New Jersey or occurring 
on a large scale in that state. 

The Ninth International Con¬ 
gress of Psychotechnology will 
meet in Berne, Switzerland, on Sep¬ 
tember 12-17, with Henri Pitfron as 
president. Psychologists wishing to 
send exhibits of charts, tests, or 
recent books for display should cor¬ 
respond with Harold Seashore, 522 
Fifth Avenue, New York 18. For 
information regarding the congress 
and for registration, write to Mme. 
Dr, Franziska Baumgarten, Thun- 
strasse 35, Berne, Switzerland. 

The Illuminating Engineering 
Society will hold its national tech¬ 
nical conference September 10-23 at 
French Lick, Indiana. A review of 
lighting achievements of the past 
year will comprise the program. 

A conference on elementary par¬ 
ticles will be held in the Department 
of Natural Philosophy, University of 
Edinburgh, November 14-16. Fur¬ 
ther Information will be obtainable 
abobt the end of August from A. 
Nisbet, Department of Mathematical 
Physics, University of Edinburgh, 
Drummond Street, Edinburgh 8. 

The Union Americana de Medi* 
cine Set Trabejo (American Union 
of Occupational Medicine); composed 
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of specialized medical societies of 
17 American republics, will hold its 
fitst congress in Buenos Aires in De¬ 
cember. Jos4 Pedro Boggi, professor 
of the Faculty of Medical Science of 
Buenos Aires, is director general of 
the union. Its official publication, 
Medicina del X>eporte y del Trabajo, 
is printed in Spanish, English, and 
Portuguese. Further information re¬ 
garding the congress may be ob¬ 
tained from the General Secretary, 
Arenales 981, T. E. 42, Callao 1015, 
Buenos Aires. 

At the 15th annual meeting of the 
American Malacologlcal Union 
held at the University of Miami, 
Florida, June 16-18, the following 
officers were elected: president, Fritz 
Haas, Chicago Museum of Natural 
History; vice president, Joseph P. 
E. Morrison, Smithsonian Institu¬ 
tion; second vice president, John Q. 
Burch, Los Angeles; treasurer, 
Harold B. Robertson, Buffalo; sec¬ 
retary, Mrs. Harold B. Bobertson, 
Buffalo Museum of Science. 

The Pacific Division of the Ameri¬ 
can Malaeological Union held its 
second annual meeting in Long 
Beach, California, June 10-12, Offi¬ 
cers elected were chairman, John Q. 
Burch, Los Angeles; vice ehaiman, 
Leo G. Hertlein, California Academy 
of Sciences; secretary-treasurer, 
Wendell O. Gregg, Los Angeles. 

The American Institute of 
Electrical Engineers elected the 
following new officers at its annual 
meeting held June 22: president, 
James F. Fainnau, vice president of 
the Consolidated Edison Company of 
New Fork, Inc. ; vice presidents, C, 
G. Veinott, Lima, Ohio; W. J. 
Seeley, Durham, North Carolina; W. 
C. DuVall, Boulder, Colorado; Ralph 
A. Hopkins, Los Angeles, California; 
A. H. Frampton, St. Catherines, 
Ontario, Canada. W, I. Sliehter, of 
New Fork City, was reelected treas¬ 
urer. 

• 

The Oak Ridge Institute of Nu¬ 
clear Studies named the fallowing 
officers at its board of directors * 
meeting on June 28: president, Paul 
Gross, vice president, dean of the 
^ graduate school, and professor of 
ch^iftry at Duke University ; vice 
^president, J. W, Beam*, director ox 


the School of Physics at the Univer¬ 
sity of Virginia; chairman of the 
24-man council of the institute, J. 
Harris Purks, Jr., professor of phys¬ 
ics at Emory University on leave as 
director of the University Center in 
Georgia; vice chairman of the coun¬ 
cil, L. A. Pardue, dean of the Grad¬ 
uate School of the University of Ken¬ 
tucky. All of the officials elected 
retain their university positions and 
duties. 

The council also elected five new 
universities to membership in the in¬ 
stitute, They are Mississippi State 
College, North Carolina State Col¬ 
lege, Bice Institute, Virginia Poly¬ 
technic Institute, and the University 
of Oklahoma. 

The American Psychiatric As¬ 
sociation named the following offi¬ 
cers at its 105th annual meeting in 
Montreal: George 8. Stevenson, 
medical director of the National 
Committee for Mental Hygiene, New 
York City, president; John C. White- 
horn, professor of psychiatry, Johns 
Hopkins University, president-elect; 
Leo H. Bartemeir, Detroit, secretary; 
and Howard W. Potter, William 
Alanson White Clinic, Brooklyn, New 
York, treasurer. 

The Alabama Academy of Sci¬ 
ence hae elected the following officers 
for the ensuing year: president, C. 
A. Basore, Alabama Polytechnic In¬ 
stitute, Auburn; president-elect, H. 
E. Wilcox, Birmingham Southern Col¬ 
lege; secretary-treasurer, William T. 
Wilks, Troy State Teachers College, 
Troy; and councilor of the AAAS, 
Katherine Vickery, Alabama College, 
Montevallo. 

The American Society of Plant 
Physiologists has elected the fol¬ 
lowing officers for the year begin¬ 
ning July 1: president, James 
Bonner, California Institute of Tech¬ 
nology; viee president, C. H. Wad- 
leigh, U. 8. Regional Salinity 
Laboratory; and secretary, T. C. 
Broyer, University of California at 
Berkeley. 

NRC News 

The National Research Council has 
announced the award of 19 fellow¬ 
ship* in ' the medical sciences. 
These fellowships are supported by 


an appropriation of the Rockefeller 
Foundation and are designed to give 
special facilities for training and 
experience in research to recent grad¬ 
uates who are not yet professionally 
established, but who wish to devote 
themselves to an investigative career 
in the medical sciences. The 12 
new fellows for the year 1949-60, 
the institutions at which they will 
receive their training, and the sub¬ 
jects of their research are: Henry 
T, Bahnson , University of Rochester, 
cardiorespiratory physiology; Harold 
W. Baker , Vanderbilt University, 
bile acid concentration in serum and 
ability of the liver to conjugate bile 
salt administered in the unconju¬ 
gated form in health and in liver 
disease; the effect of cystine, methio¬ 
nine, and choline on damaged livers; 
Bichard J . Cross, Public Health Re¬ 
search Institute of the City of New 
York, intermediary metabolism in 
laboratory animals; Marion E. 
Lahey, University of Utah, the 
pathogenesis of the anemia of in¬ 
fections; Alexander Leaf, Massa¬ 
chusetts General Hospital, the renal 
control of sodium excretion in the 
edematous subject with cardiac or 
kidney disease; Lionel Maneon, 
Western Reserve University, bio¬ 
synthesis and breakdown of pentose 
and desoxypentose nucleosides in 
microorganisms; John B. Neilands, 
Karolinska Institute, Stockholm, 
Sweden, enzymes and intermediary 
metabolism; Arnold 8 . Reiman, 
Evans Memorial Hospital, Boston r 
relation of renal hemodynamics to 
electrolyte excretion; Alexander 
Bidhy California Institute Of Tech¬ 
nology, characterisation of proteins 
by physical methods; Martin P. 
Sohulman, University of Pennsyl¬ 
vania, isolation of the individual 
enzymes and cofactors concerned 
with the synthesis of tissue pro¬ 
teins ; W . Eugene Stern, Johns Hop¬ 
kins Hospital, neurophysiological 
studies in cerebral circulation in 
primates; and John if. Waller, Har¬ 
vard Medical School; factors affect¬ 
ing the rate of exchange of potas¬ 
sium between the intracellular 
phases and the metabolic processes 
which maintain the potassium gradi¬ 
ent The board hae renewed seven 
fellowships for a second year. 
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The Rockefeller Foundation has 
also provided the Research Council 
with funds in support of the Welch 
Fellowships in Internal Medicine. 

These fellowships are of senior 
grade, and are intended to provide 
a prolonged period of advanced 
training for individuals of proven 
ability iu research. Two new fel¬ 
lows were appointed: Irving M. 
London, for the term 1949-52 at 
Columbia University, for research in 
forphyrin metabolism; and Charles 
R. Park, for the term 1949-52 at 
Washington University, for research 
in hormonal influences on the hexo- 
kinase reaction in muscle. Two 
other fellowships were renewed. 

The National Foundation for In¬ 
fantile Paralysis, Inc., has made 
available a grant in support of re¬ 
search fellowships in fields related 
to infantile paralysis. Under this 
appropriation, fellowships are of 
fered to provide opportunities for 
training and research in those basic 
medical sciences which will be of 
particular value in furthering prog¬ 
ress in the field of orthopedic sur¬ 
gery; a second group of fellowships 
Is available for special experience 
in the study of virus diseases. The 
following new fellows were ap¬ 
pointed for training during 1949-50 
at the institutions and in the fields 
named: Thomas D. Brower , Uni- 
versity of Chicago Clinics, effects of 
age and disease on the morphologi¬ 
cal and biochemical changes in carti¬ 
lage ; Thomas T. Crocker, Yale Uni¬ 
versity, purification and study of 
elementary bodies of the virus of 
meningopneumonitis; and Eugene 
-R- Mindett, University of Chicago 
Clinics, chondrodystrophies. Senior 
fellowships in the fields of clinical 
neurology, epidemiology, orthope¬ 
dic surgery, pediatrics, and virus 
diseases are also offered under this 
grant. These senior fellowships are 
open to men and women who have 
already shown definite achievement 
in research. Those appointed in 
1949, their terms, training institu¬ 
tions, and subjects are: Edward S. 
Ahrens, Jr,, 1949-50, Rockefeller In¬ 
stitute for Medleal Research, New 
Tods City, chemical studies of the 
serum phospholipids and the protein* 
bound fatty adde; Calderon Mam, 


1949-51, Harvard Medical School, 
physical-chemical characterisation of 
the red cell protein, with particular 
reference to various antigenie or 
receptor components; Edward B. 
Kass , 1949-52, Thorndike Memorial 
Laboratory, Boston City flospital, 
(1) the cultivation off strains of 
poliomyelitis virus on tissu#: culture 
media, (2) isolation and purification 
of selected viruses of different im¬ 
munologic behavior, and (3) dis¬ 
turbance in electrolyte patterns in 
patients with proven severe viral in¬ 
fection; Paul 8. Rubin , 1949-50, 
Johns Hopkins Hospital, mecha¬ 
nisms of calcification; Charles W. 
Watson, 1949-52, Boston City Hos¬ 
pital and Harvard Medical School, 
relationship between frontal cortex 
and the thalamus of man; and 
Clark D. West, 1949-50, University 
of Cincinnati, (1) calculation of 
proximal and distal tubular osmotic 
work of the normal kidney during 
osmotic diuresis, (2) renal insuffi¬ 
ciency during dehydration in experi¬ 
mental animals, and (8) osmotic 
limitations of the nephritic kidney. 
Five other fellows will work during 
the coming year under appointments 
granted in previous years or under 
renewed appointments made in 1949. 


CARE'n program to replenish 
the war-damaged libraries of 
Europe and the Far East with Eng¬ 
lish-language books (see Science, May 
6, page 476) will begin this month. 
A preliminary Ust of 1,200 titles has 
been selected by a committee, headed 
by Luther Evans, Librarian of Con¬ 
gress. The present categories in¬ 
clude health and welfare, medicine, 
dentistry, applied science, nursing, 
agricultural science, veterinary sci¬ 
ence, and English language instruc¬ 
tion. Additional categories may be 
included later. The books will be de¬ 
livered abroad at the publishers ’ list 
price with no extra charge for trans¬ 
portation or distribution. Only new 
books will be sent 
In addition to Dr. Evans, the com¬ 
mittee members are John M. Cory, 
executive secretary, American LL 
brafy Association; Alice Dulany 
Ball, executive director, United 
States Book Exchange; John F. Ful¬ 
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ton, Sterling professor, Yale Medical 
School; and R. R. Hawkins, chief of , 
the Science and Technology Division, 
New York Public Library. 

Contributions may be sent to 
CARE Book Program, CARE, 20 
Broad Street, New York 5. Donors 
of $10 or more may specify country, 
type of institution, and category of 
books, although CARE hopes that 
the majority of contributions will be 
undesignated. 

A new bimonthly periodical. 
Iodine Abstracts and Reviews , is 
being prepared by the Iodine Fellow¬ 
ship at Mellon Institute, Pittsburgh, 
to provide summaries of scientific 
ind technical literature relating to 
the uses of iodine and its compounds 
in chemistry and In the industries. 
From time to time there will be pre¬ 
sented reviews of specific phases of 
the science and technology of iodine. 
Complimentary subscriptions may be 
secured by addressing the Iodine 
Educational Bureau, Inc., 120 Broad¬ 
way, New York 6. 


Make Plans for— 

United Nations Scientific Confer¬ 
ence on the Conservation and Utili¬ 
zation of Resources, three-week 
session beginning August 17, Lake 
Success, New York. 

Pennsylvania Academy of Sci¬ 
ence, August 19-20, Stroudsburg and 
Buck Hill Palls, Pennsylvania. 

1949 Plant Science Seminar, 
August 81-27, University of Wiscon¬ 
sin School of Pharmacy, Madison. 

Symposium on Modem Physios, 
August 22-September 8, Oak Ridge, 
Tennessee. 

American Institute of Electrical 
Engineer*, Pacific general meeting, 
August 28-86, Fairmont Hotel, Sea 
Francisco, California. 

2nd International Biometric Con¬ 
ference* August 30-6ept*mber 2, 
University of Geneva, Switzerland. 

International Unkm of Chemis¬ 
try, l&tfc eoafeyenee, September f*-- 

10 , 4 mi fatr AtUKi j '. '' 
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Domestic and Foreign Periodicals in the Field 
of Organic Chemistry: A Statistical Analysis 


F. S. Boig 

Northeastern University, Boston 

A S PART of a comprehensive study of period- 
icals in the held of chemistry, a survey was 
JL X. made to determine the leading domestic and 
foreign journals in the field of organic chemistry, the 
relative importance of the journals, the countries of 
publication, and the languages of publication. Other 
articles have already been published on this study 
(1-4). The data collected may be used to answer 
various questions about the literature of organic 
chemistry, especially as affected by World War II, 
and questions about the decline in the use of German 
as a scientific language, and the position of Russian 
ns a scientific language. 

Data for the study were obtained from the organic 
chemistry section of Chemical Abstracts (5), since it 
was thought that the number of articles abstracted in 
this publication should give a good measure of the 
relative importance of a chemical periodical. Two 
complete years were taken for the study—1937, a 
depression and prewar year, and 1947, a postwar 
year—as representative of the change over the past 
ten years. The information taken from Chemical 
Abstracts included name and country of the source 
journal, language of publication of the article, and 
total number of articles for each journal, country, 
and language. The List of Periodicals (7) was con¬ 
sulted as an aid in determining the country and lan¬ 
guage of individual periodicals. The language of 
the original article is stated in the abstract for work 
taken from polylingual journals/ The data obtained 
are here arranged in three tables, by journal, country, 
and language. 

Analysis of Table 1 reveals that Journal of the 
American Chemical Society is far out in front as the 
leading journal of organic chemistry for 1947, after 
having shared the honor in 1937 with the German 
BeHchte, according to the figures. The Journal of 
the Chemical Society of London has had fewer arti¬ 
cles abstracted as compared with 1937, but, because of 
the fate of Berichte, has moved into second place 
in world importance, though considerably behind the 
American journal The third ranking journal from 
the standpoint of number of articles abstracted in 
1947 k The Journal of the Chemical Society of Japan. 
This is misleading, however, as the articles abstracted 


in 1947 represent a coverage of six years from 1941- 
'4(1. Journals showing an increase in number of 
articles abstracted in 1947 over 1937 are: Helvetica 
Chimica Acta of Switzerland, Comptes Rendus of 
France, Journal of Organic Chemistry, and Industrial 
and Engineering Chemistry of the United States. As 
for the opposite side of the picture, Berichte and 


TABLE 1 

Arbtraots by Journal 




lf)47 

1037 

Journal 







No. 

Rank 

No. 

Rank 


J. Arner , ahem. 






Boc. 

TT. H. 

682 

1 

337 

1 






(tie) 

J.. c hem. Soc.. 






Lond. 

England 

254 

2 

807 

3 

J. chan. 8oc. 

Japan 

Helvetica 

Japan 

210* 

3 

29 

21 

Chimica Acta 

8wlfss. 

100 

4 

98 

T 

/. gen. Chem. 

!TS81t 

170 

5 

218 

4 

C. It. A cod. 

Sri. 

France 

151 

6 

118 

5 

J. org. Chem. 
Hull. Boo. 

TJ. S. 

140 

7 

49 

12 

Chlm. 

Bull. chem. 

France 

81 

8 

83 

9 

Boc. Japan 
Ind. eng. 

Japan 

75 

0 

30 

10 

Chem. 

V. a. 

63 

10 

10 

, , 

Rec. trav. 
chlm. 

Gas. Chlm. 

Holland 

50 

11 

56 

12 

Ital 

Italy 

50 

12 

100 

0 

Nature, Lond. 

England 

41 

18 

19 

. . 

/. biol. Chem, 

u. a. 

36 

14 

46 

13 

Bar, 

Germany 

15 

,. 

337 

1 






(tie) 

© 

£ 

j 

s' 

t **» 

Germany 

3 

• • 

88 

8 

Japan 

Japan 

0 


71 

10 

Total abstracts 

Total journals 

2901 

205 

3048 

222 


* Data cover* a ft pan of bIx year*. 


Antbdm show a tremendous decrease in articles ab¬ 
stracted. Russia’s Journal of General Chemistry and 
Italy's Gasaetta Chimica Italiana also showed a loss 
and Japan’s Journal of the Pharmaceutical Society 
dropped out of the 1947 ChemkoX Abstracts entirely. 
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Analysis of Table 2, summarizing abstracts by coun¬ 
try of publication, shows again that the United States 

TABLE 2 


ABSTRACTS BY COUNTRY 


Country 


1947 



1937 


No. 

Rank 

% 

No. 

Rank 

% 

United States . 

1057 

1 

35.0 

024 

2 

17.1 

British Isle* . . 

374 

2 

12.(1 

309 

4 

12.0 

Japan . 

329* 

3 

31.1 

205 

0 

0.7 

France .. 

207 

4 

9.0 

232 

5 

7.5 

Russia . 

250 

5 

8.4 

432 

3 

14.1 

Switzerland . . 

204 

0 

0.9 

09 

9 

3.2 

Italy. 

76 

7 

2.6 

350 

7 

6.1 

India . 

. 74 

8 

2.5 

103 

8 

3.4 

Netherlands . . . , 

62 

9 

2.1 

07 

10 

2.2 

Germany .. 

57 

10 

1.9 

Oil 

1 

19.9 

Sweden . 

30 

U 

1.3 

15 

17 

0.5 

Spain . 

30 

12 

1.2 

7 

22 

0.2 

Finland . 

32 

13 

1.1 

15 

10 

0.5 

Canada . 

20 

14 

0.7 

12 

19 

0.4 

Austria . 

12 

15 

0.4 

19 

14 

0.0 

Totals . 

2961 



3008 




* 1947 abstracts cover alx-year period (1941-6). 


is far out in front, with three times the output of its 
nearest competitor, Britain, having taken over first 
place, probably permanently, from Germany. Britain 
has remained stable in number of abstracts, but, be¬ 
cause of the collapse of Germany and Russia, has gone 
from fourth to second place. Germany has gone from 
first to tenth, with an output only 10 percent of the 
1937 figure, while Russia has dropped from third to 
fifth having an output of only 00 percent of the 1937 
figure. France has already staged a comeback from 
the effects of the war, showing a gain from fifth to 
fourth and a slight gain in total output. Other coun¬ 
tries showing a gain in output are: Switzerland 
(which has doubled its 1937 output), Sweden, Spain 
(which shows increases in other fields as well as 
organic chemistry), Finland, and Canada. Japan 
shows a large increase, owing to the fact that the 
1947 abstracts include a six-year coverage. Large 
decreases arc shown by Germany, Russia, Italy, and 
India. Effects of the war explain all but the case of 
India. A smaller decrease is shown by Austria. 

Analysis of Table 3, summarizing abstracts by 
language of publication, shows an increase in the 
number of articles published in the English lan- 
guage—*57.1 percent in 1947 and only 30 percent in 
1937. This follows from the increase in United States 
and British articles and from the fact that some for¬ 
eign journals are polylingual, one of the languages 
usually being English. Abstracts of articles in the 
French language have increased slightly and French 
Is noy the leadi^ foreign language, having displaced 


German and Russian in the past ten years. German 
is now the second most important foreign language 
and Russian has decreased by half of the 1937 figure, 
now being the fourth most important foreign lan¬ 
guage, if we count Japanese as third. Russian will 

no doubt recover, but there is room for doubt in 

W 

TABLE 3 

Abstracts by Laxouaob 


1947 1937 

Languages --—----- 1 - 

No, Rank % No. Rank % 


English . 1691 1 57,1 1098 1 3(5.0 

French . 331) 2 11.4 301 4 9.9 

German . 305 3 30.3 773 2 25.4 

Japanese . 238* 4 8.0 171 5 6.0 

Russian . 222- 5 7.5 395 3 12.9 

Italian . 70 0 2.6 150 0 5.1 

Spanish . 48 7 3.0 17 10 0.0 

Finnish . 11 8 0.4 2 . 

Dutch. 10 9 0.3 24 8 0.8 

Swedish . 8 10 0,3 8 13 0.3 


Totals . 2061 3048 


* Abstracts cover six years (1941-6). 

the case of German. Languages which have shown 
a gain in importance in the past ten years are: 
English, French, Spanish, and Finnish. The increase 
in the number of Spanish language abstracts is due 
to increased activity in Spain itself rather than in 
Spanish-speaking countries, which is evident from 
checking Tables I and 2. Both Italian and Dutch 
have decreased in importance by half in the past ten 
years, obviously having been affected by the war. 

It is interesting to compare these results with a 
somewhat similar study made by Gross (d) some 
twenty years ago. Although the data was collected 
in u different manner, an examination of this previous 
study will at least show the trend in importance of 
the journals and languages in the past twenty years. 
It indicates that In that time English baa forged ahead 
as the leading language of science, putting German 
and French into the background. Also, Russian was 
of very slight importance twenty years ago but is 
now a serious contender for honors as the leading 
foreign language. Another item of note is that, 
whereas the German Berichte and Annalcn were for¬ 
merly leading journals, they have now lost some of 
their former importance, and on the other hand, such 
important journals of twenty years ago as Journal of 
the Chemical Society of London, Comptes fiendun, 
Bulletin de la Soctet e Chimique of France, Industrial 
and Engineering Chemistry, and Qaezetta Chimiea 
ltaliana are holding their own today. 

The present study indicates that the Journal of the 
American Chemical Society is the leading world 
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journal in the field of organic chemistry, with the 
Journal of the Chemical Society of London, Helvetica 
Chimica Acta of Switzerland, Journal of General 
Chemistry (USSR), and Comptes Bendus of France 
following in that order. Missing from the more im¬ 
portant journals are Berichte and Annalen } which in 
1037 were in the first and the eighth place, respec¬ 
tively. 

Among countries of publication, the United States 
has a comfortable lead, with Britain, France, Russia, 
and Switzerland following in that order. Germany 


has lost considerable ground, as has Italy, and Russia 
has lost a little ground. Sweden and Switzerland 
have increased in importance. 

Fifty-seven percent of all articles published are now 
in English. French, Gorman, Russian, and Italian, in 
that order, account for the remainder. The last three 
languages mentioned have lost ground, whereas French 
shows a slight gain over 1937. 

Japanese periodicals, contributions, and language 
are placed high on the respective lists, but this is mis¬ 
leading, since the figures cover a six-year range. 

5. Client. Abstr 1087. 81 , 1047, 41 . 

0. Gnoss, P. L. K, and Ghosh, E. M. tfctenw, 1027, 66, 885. 
7. Ust of periodicals abstracted by chemical abstracts. Co¬ 
lumbus, Ohio : American Chemical Society, Ohio State 
University, 
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Production of Radioactive Mosquitoes 1 

C. C. Hassett and D. W. Jenkins 

Medical Division, Army Chemical Center, Maryland 


A RELIABLE METHOD of marking and 
detecting insects is greatly desired in 
ecological studies of certain medically and 
economically important species. In re¬ 
gions where pest mosquitoes are abundant, as in the 
arctic and subarctic, data on the range of dispersal 
and migration are needed to guide insecticidal con¬ 
trol operations 

A method has been developed for producing readily 
detectable 'radioactive mosquitoes by rearing the 
yellow fever mosquito Aedes aegypti in beakers of 
distilled water containing radioactive material. Jhe 
larvae were fed ground dog-biscuit, using the standard 
rearing techniques. 

Radioactive phosphorus (P 32 ) was selected for the 
experiments because of its convenient half-life (14.3 
days) and lack of either persistent radiation or toxic 
disintegration products. Its strong beta radiation 
permits ready detection with most of the equipment 
in use, and the lack of alpha or gamma radiation 
makes its use safer. Phosphorus was also judged to 
be an dement which would be readily taken up and 
retained by the organism. 

The activities of mosquitoes, larvae, and solutions 
were measured in an Autosealer. The background 
count of 25 ©pm baa been deducted from all data in 
the tables, and all counts over 1000 cpm have been 

1 A similar article dealing with radiophosphorus and radio- 
strontium in mosquitoes hr John C. Bugher and Mfljorie 
Taylor will be published in neat weeks Issue. 


/ cpm V 
\ 1000 / 


x 5. 


corrected by adding the factor 

In order to ascertain the optimum concentration 
and exposure time, the following experiments were 
performed. 

A. Second instar larvae were reared in five solu¬ 
tions of Na 2 HP 3i 0 4 ranging in strength from 0.05 to 
10 pc/ml, All the larvae were greatly retarded in rate 
of development, and at high concentrations pupation 
did not occur for over 20 days. At a concentration of 
1 uc/ml adults emerged after 15 days and were found 
to vary in activity from 6,761 to 10,132 cpm. 

B. Third and early fourth instar larvae were put 
into a solution containing 10 pc/ml. They developed 
normally and adults began to emerge on the sixth 
day thereafter. The activity of each mosquito was 
measured on the day of emergence, and the resulting 
data are given in Table 1. On the tenth day the 


TABLE 1 

Activity Mbasvrbkrnts or Adult Mosquitoes prom 
Exposed Third Instar Larvae 


Days of 
exposure 

No. of 
adults 

Cpm of Individual adult mosquitoes 

minimum 

maximum 

average 

a 

12 

2.068 

182,405 

30,215 

7 

a 

7,584 

82.148 

18,881 

8 

7 

6.086 

87,868 

29,188 

9 

5 

80.952 

89,918 

87,176 

10 

12 

4,484 

82,800 

27,778 


activity of the solution was measured and found to 
have decreased to 0.4 i*c/ml 
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C. Pupae approximately one day old were put 
into solutions containing 10 nc/mJL Adults emerging 
24 to 48 hours later were examined and found to 
average only 30 cpm above background. Newly 
formed pupae kept for three days in an identical solu¬ 
tion absorbed slightly more phosphorus; ten emerging 
adults averaged 80 cpm with a range of 40 to 107 
cpm. 

D. In order to ascertain whether the radioactivity 
found was the result of an actual accumulation of 


TABLE 2 

Activity Measurements of Washed Larvae and Fuimis 

AND UNCONTAMINATBD ADULTS 


stage 

Number 


Cpm/Individual 


counted 

minimum 

maximum 

average 

Fourth In star 
larvae 

7 

13,304 

16,870 

14,076 

Pupae 

6 

1G.876 

30.952 

26,230 

Adults 

12 

4,484 

82,860 

27,778 


P 3a by the larvae, or of contamination of the emerg¬ 
ing adults by the rearing medium, third instar larvae 
were put into n solution containing 10 nc/ml. Eight 
days later, pupae and fourth instar larvae were re¬ 
moved and washed ten times in distilled water. After 
an additional 24 hours in distilled water, some were 
removed and examined. Adults emerging from the 
washed pupae were also examined. All proved to be 
highly radioactive, as shown in Table 2. A sample 
of the water from which these specimens were re¬ 
moved had an activity of 212 cpm/ml. 
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Calibrations of the counting equipment in our lab¬ 
oratory have shown that a rate of 5 x 10 a epm is the 
equivalent of 1 He of P 82 , It can therefore be cal¬ 
culated from the data of Table 2 that the average ac¬ 
cumulation of P 88 by individuals examined as larvae 
was 0.03 pc in 8 days, while the resulting pupae and 
adultf contained nearly twice as much. Calculations 
from Table 1 show that much higher accumulations 
may occur, the highest recorded being about 0.25 mc. 
Using a generally accepted figure (I) for converting 
curies to grams, one finds that the a^>ove values rep¬ 
resent lxHH 1 and 8.7xl0~ u g P 38 . 

Additional experiments are in progress to ascer¬ 
tain the minimum quantities of radiophosphorus 
which can be used, to elucidate further the effects of 
radiation on development, and explain the wide varia¬ 
tion in the accumulation of P 32 shown by the data in 
hand. 

Highly radioactive mosquitoes can be produced. 
Larvae accumulate large amounts of P 82 , but pupae 
accumulate relatively little. The radioactivity thus 
produced is not lost rapidly either by adult mosquitoes 
or by larvae and pupae transferred to a nonradio- 
active medium. 

The method described offers a convenient way of 
producing marked mosquitoes for studies of dispersal 
and predation. Valuable data on metabolic activities 
of mosquitoes, the effects of beta radiation on insects, 
etc., may be expected from further studies. 
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Neil Elbridge Gordon: 1886-194$ 


George Caiingaert 
Ethyl Corporation 

My most vivid recollection about Neil Gordon is 
that of a wintry afternoon in the mid-thirties, when 
I noticed from the window of my laboratory a man 
with o large umbrella, an unannounced visitor ap¬ 
proaching our lonely building with a slow but pur¬ 
poseful gait, paying no attention to the wind and rain 
which seemed determined to hamper his progress. Dr. 
Gordon was on that day bent on one of those missions 
which endeared him to all who have seen him at work; 
enlisting interest and cooperation for one of his proj¬ 
ects in support of chemical progress. And as the 
years went by I learned how characteristic that picture 


Chemical research and the teaching of chemistry 
have always been the twin interests of Dr. Gordon: 
after obtaining his Ph*D. from Johns Hopkins Uni¬ 
versity in 1917 he taught successively at his alma 
mater, the University of Maryland, and at Central 
College in Missouri and Wayne University in Mich¬ 
igan. Hie numerous publications reveal his parallel 
interests in the problems of teaching and in several 
fields of research, principally in adsorption, colloids, 
emulsions, and dyeing. His interest in chemists as 
individuals was. ..As keen as his interest in their work, 
and many a young instructor or professor still re¬ 
members the help and inspiration he received from 
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Dr, Gordon in his first attempts at embarking upon 
original research. Dr. Gordon also demonstrated re¬ 
peatedly his ability as an organizer, and us head of the 
Chemistry Department at Wayne University he suc¬ 
ceeded in a very short time in giving new impetus 
to the work of the Department, and in expanding its 
scope to include the training of Ph.D.’s, 

But in addition to a career which would have taken 
all the time of an ordinary man, Neil Gordon always 
seemed to be fired by a novel idea, to want to develop 
a different—and often an unorthodox—way of speed¬ 
ing up the wheels of chemical progress. In rapid suc¬ 
cession he thought up these new ideas anfl pursued 
them with dogged determination, often against the 
resistance of the timorous, but he seldom failed to 
secure adequate support from those who admired him 
for his originality and resolution, and who instinc¬ 
tively trusted him because he was always giving so un¬ 
sparingly of his own means and energy. In this man¬ 
ner he conceived, created and managed in succession: 

1924—the Journal of Chemioal Education , 

1920—the National Research Fellowship Program 
at Johns Hopkins University, 


1938—the Gibson Island Conferences of the A A AS, 
and 

1936—the Hooker Library, which in 1942 became 
the Kresge-Hooker library. 

The Gibson Island Conferences were operated under 
the sponsorship of Section C, of which Dr. Gordon 
was long the secretary, and in 1948 the conferences 
were fittingly renamed Gordon Research Conferences, 
As the scroll delivered to him on that occasion states: 

Dr. Gordon lias introduced a new and fruitful means 
for the exchange and advancement of knowledge through 
informal meetings held in pleasant, healthy, and friendly 
surroundings. His faith in his ideas and his indefati¬ 
gable efforts in bringing them to pass have brought last¬ 
ing benefits to the science of chemistry. 

The progress of science would be slow indeed with¬ 
out the support of such men of vision, character, and 
determination. We must thank our lucky stars when 
one shows up, and at the same time thank ourselves 
for our freedoms which give the individual with an 
original idea the opportunity to bring it into full 
realization if, like Neil Gordon, he has the faith and 
energy to do ii. 


William Townsend Porter: 1862-1949 


A. J* Carlson 

University of Chicago 

W. T. Porter was born in Plymouth, Ohio, in 1862 
and received his medical training and his M.D. degree 
at the St. Louis Medical College in 1885. He served 
os acting superintendent of the St. Louis City hos¬ 
pital for one year, and as assistant professor and pro¬ 
fessor of physiology at the St. Louis Medical College 
from 1887 to 1893. During these years Dr. Porter 
also pursued graduate studies in Germany—Berlin, 
Breslau, Kiel. He was elected a member of the Amer¬ 
ican Physiological Society at its fourth annual meet¬ 
ing in 1891. At that time probably no one could have 
predicted the outstanding service Dr. Porter was to 
render to American physiology during the following 
sixty years. 

Dr. Porter became a member of the faculty of Har¬ 
vard University Medical School in 1893, and con¬ 
tinued a member of that faculty until his retirement in 
1928. His teaching of physiology at the Harvard 
Medical Schopl led him to establish the Harvard Ap¬ 
paratus Company, for the production of better and 
less expensive laboratory apparatus for both teaching 


and research in physiology. His work on the coronary 
circulation of mammals is probably his most funda¬ 
mental research contribution to biology and medicine, 
but in his earlier years he also worked and published 
on growth, respiration, the nervous system, and skele¬ 
tal muscle. 

When Dr. Porter joined the faculty of the Harvard 
University Medical School physiology was taught to 
medical students largely by “talks and books,” Fifty 
years later he wrote: “It was easy to say that physi¬ 
ology should be taught by experiments performed by 
the students themselves. But in 1899 the Harvard 
Medical School had 200 students in 1 physiology. 
Working in pairs these students needed 100 kymo¬ 
graphs* At that time this apparatus was made only 
in Europe, and could be imported at the cost of $200 
apiece. Obviously even the richest university medical 
school could not meet this teaching requirement at 
such costs.” 

Dr. Porter started to meet these essential require¬ 
ments for medical training by simplifying existing 
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laboratory equipment, inventing new apparatus, and 
reducing costs by quantity production, at first using 
tbe mechanical facilities of the Harvard Medical 
School. Very soon other medical schools wanted this 
laboratory equipment, but Harvard University could 
not sell it. This led Dr. Porter, aided financially by 
President Eliot, three men on the Harvard Medical 
School faculty, and two more citizens of public spirit 
in Boston to establish the Harvard Apparatus Com¬ 
pany as a nonprofit educational institution. This 
company has been a large factor in providing, at low 
cost, equipment for research and teaching in physi¬ 
ology and pharmacology, not only in the United 
States, but in many other countries. Dr. Porter was 
the active head jand guide of the Harvard Apparatus 
Company until a few months before his death. He 
conducted the business in the public interest and with¬ 
out commercial profit. When there was a modest sur¬ 
plus, this was used to improve production equipment, 
to provide a pension fund for the company’s em¬ 
ployees, and to finance the W. T. Porter Research 
Fellowship in Physiology, administered by the Coun¬ 
cil of the American Physiological Society. In 28 
years (1921-49) the Harvard Apparatus Company 
has contributed a total of $38,453.00 to the American 
Physiological Society for the Porter Fellowship in 
Physiological Research. Dr. Porter twice offered to 
give his Apparatus Company to the Physiological 
Society. 

The significant attention to physiological research 
in our country towards the close of the last century 
raised the question of adequate facilities for publica¬ 
tion. In 1894 Dr. Porter was made a member of a 
committee to investigate ways and means to start an 
American Journal of Physiology by the then young 
physiological society. Tbe society did not accept the 
committee’s recommendations that such a journal be 
started. But in 1897 Dr. Porter started the American 
Journal of Physiology, as the sole responsible editor 
and publisher, and carried these financial and intel¬ 
lectual burdens until 1914, when 34 volumes of tbe 
journal had been published. In that year Dr. Porter 
presented the Journal (including all unsold numbers) 
to the American Physiological Society. In recognition 
of this great service to American physiology the 
society dedicated Volume 37 to him. The dedication 


includes this significant statement, referring to his 
services as editor: “A rigid pursuit of ideals by one 
individual frequently arouses in others lack of ap¬ 
preciation, criticisms, and opposition; and these he 
received without complaint.” 

In consideration of all the significant services of 
Dr. ftrtjjr—the early years of the Journal, the Har¬ 
vard Apparatus Company, the Porter Fellowship—the 
society made him honorary president for its 50th 
anniversary meeting in Baltimore in 1937, and in 
1948 elected him honorary life mcitber. Referring 
to those early and trying years, the late W. H. Howell 
of Johns Hopkins Medical School said in 1938: “The 
American Physiological Society never gave the Amer¬ 
ican Journal of Physiology the financial support that 
might properly have been expected.” Dr. Porter’s 
contributions were achieved by his integrity, his 
courage, and his intelligence rather than by his 
financial fortune. Knowing Dr. Porter, a few of his 
colleagues in the medical school and other citizens 
in Boston gave him £ome initial financial aid both 
for the Journal and for the Apparatus Company. 
But the main financial burden for both was carried 
by Dr. Porter. I have never heard anything but 
praise for tho services of the Harvard Apparatus 
Company. 

Dr. Porter’s record as editor of the Journal is to 
his gTeat credit, but even a superior editor is not a 
superman. There were more than a few of the 
younger investigators who did not take kindly to 
Dr. Porter’s analysis, criticisms, and suggestions of 
their research reports submitted for publication in 
the first 34 volumes of the American Journal of 
Physiology. His editorial policy may be illustrated 
by his reply to me when I sent him in 1904, my first 
study on the limulus heart for publication in the 
Journal of Physiology , He wrote: “I think you are 
wrong both in your observations and your interpre¬ 
tations, but I will publish your report in the Journal.” 

The record of Dr. Porter’s unselfish and significant 
services to his generation is a true picture of the matt, 
as I knew him for nearly fifty years. In these times 
of well-nigh pandemic hysteria, hate, and fear, Wil¬ 
liam Townsend Porter’s persistent and serene work for 
his fellow man aids our courage for today and guides 
our hope for tomorrow. May his tribe increase! 
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TECHNICAL PAPERS 


Factors in Neonatal Resistance to Anoxia. 

I. Temperature and Survival of Newborn 
Guinea Pigs Under Anoxia 1 

James A. Miller 

Emory University School of Dentistry, Atlanta , Georgia 

It is standard hospital procedure to place anoxic babies 
in a warmed bassinet or incubator and give them oxygen. 
Sinco the speed of chemical reactions of importance to 
life is, according to Van*t Hoff’s rule, doubled or trebled 
with each 10° C rise in temperature, Borne doubts ap¬ 
peared in the mind of the writer as to the advisability 
of warming the anoxic child. Accordingly, an investiga¬ 
tion of the effects of temperature upon survival of anoxic 
newborn animals was undertaken. 

This short preliminary account of results of this in¬ 
vestigation is being presented at this time in the hope 
that it may stimulate clinical studies on the treatment of 
asphyxiated newborn infants. 

The experiments wore performed as follows: Littermate 
guinea pigs 24 hr old or less wore used. Temperatures 
were taken by using n U. M. A. skin thermocouple with 
the sensitive element modified so that it could be used 
as a small colonic thermometer. Each reading was taken 
with tho element inserted into the anus for a distance 
of 20 mm. Temperatures were taken immediately before 
and after the experiment. 

The temperature differentials were produced as fol¬ 
lows: In litters of three or more, one animal was left un¬ 
treated, ono was incubated for J hr, and one or more was 
cooled- In litters of two, one was cooled or warmed, the 
other left untreated. 

The colonic temperatures of the untreated animals usu¬ 
ally varied between 20° and 33° C. This is an example 
of the well-known fact that the temperature-regulating 
mechanism is either very inefficient or nonfunctional in 
neonatal mammals. 

Cooling was produced by wetting all but tho head and 
circumanal region with 05% alcohol and exposing the 
animal to nir currents from a 12-in. electric fan. When 
its temperature had fallen 2* to 5 0 C it was placed with 
a littermate under a glass bell jar with a current of 
05% N a and 5% C0 2 flowing through. Records were 
kept of the time of appoarance of all visible reactions, 
timed by means of a stop watch. 

In a preliminary series of experiments the animals were 
exposed to anoxia for 41 min (4 experiments, 10 ani¬ 
mals) or 41 min (4 experiments, 14 animals) and then 
removed. This length of exposure was sufficient to kill 
the warned and the room temperature animals and, with 

* The author wishes to acknowledge with thanks support 
from the tl.S. Public Health Service, Research Grants Divi¬ 
sion (#RG 281), which has made possible this and subse¬ 
quently appearing studies on neonatal resistance to anoxia. 


but one exception 3 their cooled littermates recovered from 
the treatment. Tho exceptional animal withstood 44 min 
of exposure but succumbed 52 sec after removal of the 
boll jnr. 

Next, experiments were performed in which the ani¬ 
mals were exposed until dead. The time of appoarance 
of the lust slight movement of the abdominal wall in an 
attempt to gasp was recorded ns the time of death 
(T.O.D.). Preliminary experiments had established that, 
even though spontaneous recovery may occur if the bell 
jar is removed before the last few weak and ineffective 
gasps, it does not happen when the animals are exposed 
to the gas mixture until gasping has stopped completely. 



Fio, 1. Five typical experiments showing the effects of 
tempernture on time of dentil (T.O.IX) of day-old guinea pigs 
exposed to 90% N* and 5% COi until dead. 


Fig, 1 is a graph of 5 experiments with & total of 15 
animals, giving a typical picture of the effect of tem¬ 
perature on the survival of day-old guinea pigs. On the 
abscissas are shown seconds survival, on the ordinates the 
temperature. Each point on the graph represents one 
animal, with its temperature range during the experi¬ 
ment indicated by the thin vertical line. Tho midpoint 
of this range is used as the temperature of the animal 
for purposes of calculations, Littermates are indicated 
by the same symbol and arc connected together by a 
heavy line, 

A glance at the graph shows that there was less varia¬ 
tion in temperature and greater consistency in results in 
the case of animals kept at higher temperatures than in 
those kept at lower temperatures. Because the method 
of eooling stimulated motor activity, which might be ex¬ 
pected to reduce the animals * potential for anaerobic sur¬ 
vival, the cooled animals were placed in the bell jar while 
still Wet. This reduced the total motor activity of the 
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animal, since part of the cooling period was passed while 
the animal was unconscious. This procedure was insti¬ 
tuted because in exploratory experiments the animals 
Which were cooled for a long time exhibited both strvg * 
gling and shivering. The performance of these animals 
in the bell jar was poorer than their uncooled littermates, 
and much poorer than those in which cooling took place 
for the most part while the animals were unconscious. 

From these five typical experiments it appears that the 
effects of reduction of colonic temperatures on one-day- 
old guinea pigs subjected to anoxic anoxia is to prolong 
life at about the same rate as might be expected from 
Van*t Hoff's rule—i.e., about three times for the first 
10° C differential. 

Additional experiments, confirming the findings re¬ 
ported hero and extending them to include also nembu- 
talieed animals, will be reported later when the statistical 
analyses of these data are complete. 

It is concluded that elevation of body temperature is 
deleterious to day-old guinea pigs subjected to anoxic- 
anoxia. Reduction of temperature, fit least within the 
limits reported here, is beneficial when cooling is accom¬ 
plished with minimal motor activity and shivering. 

The Genera of Amoebae 

N. And resen and H. Hotter 

C ytockemical Department , Carhberg Laboratory , 
Copenhagen, Denmark 

In recent years there has been considerable discussion 
about the correct scientific names of certain fresh-water 
amoebae. The recent articles by King and Jahn {$) and 
Wilber (5) include references to other work on the sub¬ 
ject. 

The three species concerned are: (I) Amoeba proteus 
Leidy (Chaos difiluens ), (II) Chaos chaos Schaeffer 
(Pelomyxa caroliTHmsis, Amoeba carolinensis, Chaos 
carolinensis) f and (III) Pelomyxa palustris Greeff. 

The controversy embraces two separate questions: one 
about the relative historical validity of the generic namos 
Amoeba, Chaos and Pelomyxa. To this question we have 
no contribution to make. The other question is whether 
(I) and (II), or (II) and (III) should be placed in the 
same genus, or whether they belong to three separate 
genera. 

Since the morphological criteria seem to be insufficient 
to allow a clear decision of the issue, we have tried to 
supplement the morphological evidence with a biochemi¬ 
cal comparison of the three organisms. 

Organisms (I) and (II) are readily available and their 
morphology and physiology is comparatively well known. 
Organism (III) is, at least in Denmark, comparatively 
rare, and in spite of persistent search we were able to 
obtain only four specimens. This limited material. 
forced us to restrict our investigation to a few charac¬ 
teristic properties easily determined with the micro- 
methods at our disposal. We decided therefore to 


determine the contents of two proteolytic enzymes,' 
catheptic proteinase (substrate caseinogen, pH 4.0) and 
peptidase (substrate alanyl-glycine, pH 7.4). In addi¬ 
tion we measured the approximate total protein content 
colorimotrically by means of the Folin-Ciocalteau re¬ 
agent against a tyrosine standard. Details of these 
methods a^re described in a recent publication from this 
laboratory (£). As a basis of comparison we chose the 
cell volunt£ rather than weight as suggested by Zeuthen 
(6*), since the cytoplasm of Pelomyxa palustris (III) 
contains a great deal of foreign inclusions, e. g., grains 
of sand, which could bo expected to falsify the density 
much more than the volume. 

Organism (III) was identified as Pelomyxa in the fol¬ 
lowing way: all four specimens were examined while alive 
with a water immersion objective giving 40 times magni¬ 
fication. Tho sand grains coating the surface and en¬ 
closed in the cytoplasm; the broad, slowly forming 
pseudopodia; the vacuolar appearance; and the bacteria 
in the cytoplasm, were easily seen. One of the specimens 
was crushed between cover slips and showed numerous 
nuclei about 10 p in diameter, and fi glycogen bodies 99 to 
5-80 p in size, which varied in Bhape from spherical to 
ellipsoid, some being quite irregular. Another specimen 
waH fixed, sectioned, and stained. The details of bacteria, 
nuclei, and 4t glycogen bodies** which are described by 
Leiner ( 4 ), were confirmed. These are the characteristic 
features used for determining the species Pelomyxa 
palustris , and all of them are quite different from the 
corresponding features in Amoeba proteus (I) and Choas 
chaos (II). The third specimen was used for prelim¬ 
inary enzyme measurements, and the last and largest ani¬ 
mal (total volume 6.5 pi) was used for final analyses in 
triplicate. The calculations in Table 1 for Species (III), 
therefore, all refer to this one specimen but they were 
roughly checked by preliminary experiments which in¬ 
dicated the order of magnitude of enzyme activity. 

The values for species (I) and (II) are averages for 
a great number of individuals. The values for species 
(III) are the means of triplicate analyses. All values 
refer to a standard volume of 1 pi of cytoplasm. For 


TABTJD 1 



Protein 

Peptidase 

Prote¬ 

inase 

Peptidase 

proteinase 


US ty¬ 
rosine 

0.00 N 
HCl/hr 

arbitrary 

units 


Species (I) 

A. proteus 

4.0 

63 

43 

1.2* 

Species (II) 

Ch. chaos 

2.6 

62 

26 

2.2- 

Species (III) 
Pelom. pal. 

1.0 

0.31 

0.20 

1.2* 

Oh. chaos 

A. proteus 

0.65* 

1.2* 

0.66* 


Ch. chaos 

Pelom. pal 

2.fi* 

200* 

112* 



* These figures give ratios. 
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species (I) this volume was calculated on the basis of 
Chalkley's (I) measurements which give an average 
value of 0.15x10-* jil per individual. For species (II) 
the volume was calculated from reduced weight measure¬ 
ments, asuming the relation 1 pg r. w. - 50 pi volume 
[Zeuthen (7)]. The volume of species (III) was calcu- 
lated from direct measurements of dimensions. 

As the Table shows, in organisms (I) and (II) the 
magnitudes measured correspond as closely as can reason¬ 
ably be expected for intimately related species. As n 
matter of fact, the differences fall within the range of 
individual variations which can be found in one species. 
Organism (III), on tho other hand, is decidedly different 
from the two others, at least with regard to the content 
of the two enzymos. This is most clearly seen by a com¬ 
parison of the ratios given in the lower half of the table. 

It might be thought that the remarkably low enzyme 
content of species (III) ie not real, but rather due to 
inactivation during the homogenization prior to enzyme 
determination. However, this would not impair the 
validity of our comparison, since the homogenization and 
enzyme determinations were carried out exactly alike in 
all cases. Our figures thus indicate either a difference in 
enzyme content or in enzyme stability. Both properties 
ought to be equally suitable for the purpose of species 
comparison. 

The result of our study is thus quite unambiguous: if 
biochemical features ore considered as valid as morpho¬ 
logical ones, organisms (I) and (II) ought to be placed 
in the same genus, while organism (III) seems rather 
different from the two others. Since nobody questions 
the validity of the name Pelomyxa paluatris for species 
(III), we suppose that our results would support either 
the generic name Amoeba or Chaos for tho other two. 
Not being taxonomists, we venture no suggestion as to 
which of these it should be. 
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.Separation of Chloride Group Anions by 
Partition Chromatography on Paper 

Michael Lederer 

Sydney Technical College, Australia 

The reparation of cations by partition chromatography 
was described in two previous papers (S, 4). These 
separations were only possible when hydrochloric acid 
was added to the solvent This prevented both hydrolysis 
and the existence of ions in complex and simple form at 
the same time. The tailing or 4 4 comet * * effect of Lugg 
and Overall (£) was thus avoided. 


Wcstall (7) first measured the R r value of the Cl* ion 
in several solvents and observed that the addition of 
NH a to phenol inhibited the ‘ 4 comet ’ 1 effect and gave 
Cl' ions a constant R t value, irrespective of the accom¬ 
panying cation. 

Partridge (d)„ in a correction to his paper, observed 
that both Br and I" travel at different speeds and inter¬ 
fered with the technique he used for the separation of 
sugars; but he did not give their R ( values or describe 
the shnpe of tho spots obtained. 

In this paper a new micromethod for the separation of 
Cl“, Br’, I“, and CN6~ will be described. The solvent 
employed in the chromatograms is butanol saturated with 
I - 5N NH.OH. This keops the halides completely in the 
ionic form and appears to prevent any adsorption on the 
filter paper. 

Separation is a simple matter in this method when 
compared with the technique required to show up the 
spots. After a trial of several techniques the simplest 
was found to be a method by which the paper was sprayed 
successively with two reagents and then washed and ex¬ 
posed to H*8 vapors. 

The first method to be tried was an adaptation of 
that of Feigl (£). The silver chromate paper described 
there was prepared and the dried paper chromatogram 
was laid on top of it and sprayed with water. The 
halides were washed out and produced yellow spots on 
the red paper. This method was abandoned because the 
spots frequently moved on spraying with water, and also 
because the adsorption of halide ions on the paper might 
lower the sensitivity of the test. 

The next method tried was spraying the chromato¬ 
grams with silver nitrate solution, and then exposing to 
sunlight. This was found highly unsatisfactory, since a 
dark background formed which made the spots Indistinct. 

The most satisfactory method is as follows: 

The paper is first sprayed with a mixture of ferric 
nitrate solution and hydrogen peroxide. The spraying 
is started from the liquid front and carried to within 
4 cm of the starting point. ThiB produces a red spot 
for CNS", R f value = 0.42-Q.48; and a blue spot for I m , 
the R, valu© being 0.29-0.32. 

The whole of the paper is then sprayed with 0.1 N 
AgN0 8 solution, which discolors the spots originally 
formed and precipitates all four ions as insoluble silver 
salts inside the filter paper. This paper is now washed 
with very dilute HNO#, so as to remove the excess of 
Ag+ ions, two washes being sufficient. The paper is then 
held over H|B and black AgS is formed wherever silver 
halides were precipitated. Chloride thus produces a 
brown spot (R f =; 0.1-0.11), and bromide a brown spot 
(R f k 0 . 15 - 0 , 18 ). 

In this paper the complete technique used will be 
described in detail, since a number of simplifications have 
been made to the method of Williams and Kirby (£), 
on which it is fundamentally based. 

The aqueous phase is placed on the bottom of a 5-gal 
croek, where there is also a large Petri dish containing 
butanol. In the Petri dish is placed a measuring cylinder, 
fitted with a cork carrying a t-piece. 
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The paper is formed into a cylinder around the measur¬ 
ing cylinder, and supported at the top by perforating it 
with the arms of the -p-piece. Narrow pieces of pnper 
can be folded longitudinally and likewise supported. A 
lid is then placed on the crock to maintain a saturated 
atmosphere. 

The development is an ascending one and the speed 
of the liquid front seems to decrease the farther it goes. 
The container was not altogether airtight, and to keep 
the solvent from varying in composition, it was ronewod 
every day. Jn this apparatus the liquid front travels 
about 25 cm in 24 hr. 

To prepare the solvent, 10 ml of 15 N NH 4 OH was 
mixed with 90 ml of distilled water; this was shaken in 
a separating funnel with 100 ml of butanol. 

The mixture separates after a very short time; the 
lower layer is run into the bottom of the crock and the 
upper layer into the Petri dish in the center of the crock. 

The mixture of ammonium and potassium chlorides, 
bromides, iodides, and thiocyanntes is concentrated or 
diluted so as to obtain the approximate concentration 
of 0.1 N. A drop of this solution is placed on the paper 
by dipping a thin stirring rod (2 mm diam) into the 
solution and then touching the paper with it about 2.5 
cm away from the lower end. The adhering drop is 
absorbed by the paper and its position marked with 
pencil. The paper is then placed in the developing crock 
for 24 hr. Immediately on removing the chromatogram 
from the container, the liquid front is marked in pencil. 
The developed paper is dried by hanging for about 10 
min in the air. This removes the ammonia and most of 
the butanol. 

An AGLA atomizer was used for spraying reagents on 
the chromatograms. It produces a reasonably fine spray, 
but is a little too ismall for satisfactory use. 

I* and CNS" travel faster than Cl - and Br~ and can 
be Tevealed by spraying a mixture of 3% H„O fi and 0.1 N 
Fe(NO*) a solution on the upper portion of the chromato¬ 
gram. The lower 4 cm must not be sprayed with this re¬ 
agent since a distortion of the Cl" and Br" spots may 
occur. The red spot of Fe(CN8) s is reasonably stable, 
but the blue spot of I* may fade in a few minutes. 

The whole of the paper is then sprayed with 0.1 N 
AgNo a and washed twice in 0.1 N HNO a , and the sur¬ 
face moisture is removed by pressing between filter pa¬ 
pers. It is then exposed to H#S, producing a brown spot 
for CNS- and I", and an oblong spot of adjacent Cl" and 
Br- when both these ions are present. If only one is 
present a round spot is formed, which cannot be mis¬ 
taken because it has different R f measurements. 

The R< values are in reference to the liquid front, so 

_ distance traveled b y ion _ 

f ~ distance traveled by liquid front 

In the separation of cations two liquid fronts were no¬ 
ticed. This is not the ease here and after drying there 
is little indication of the liquid front. 

This new chromatographic separation of the halide' 
groups is, in the author ’« opinion, 14 ghly suitable for ul* 
tdmaie organic analyses, sinoe only 04 mg of the halide 
ion is sufficient to be identified. 
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2,4-Dichlorophenoxyacetic Acid Inhibition 
of Castor Bean Lipase 1 

C. £. Hagen, C. O. Clagett, and £. A. Helgeton 

School of Chemical Technology , and 
Agricultural Experiment Station, 

North Dakota Agricultural College , Fargo 

The discovery of selective herbicides has aroused con¬ 
siderable interest in the mechanism of hormone activity. 
Since the growth and metabolism in the growing plant is 
disrupted, one might expect the enzyme systems to be 
affected. 

Smith (4) showed appreciable effect on oxygen uptake 
of tissue slices from plants treated with 2,4-dichloro- 
phenoxyacetic acid. One may presume that the sections 
of tho plant functioned as entireties, and the action of 
the herbicide on any of the enzyme systems involved in 
growth and respiration would affect tho observed oxygen 
consumption. On tho other hand, we have observed no 
inhibition on polyphenol oxidase, a-hydroxy acid oxidase, 
or catalase in the presence of 2,4-D, using the tissue 
homogenate technique. 

Preliminary studies have indicated that certain hydro¬ 
lytic enzymes are affected by 2,4-D. The activity of 
castor bean (JZicinas communis) lipase was depressed by 
tho sodium salt of 2,4-dlchJorophcnoxy acetic acid. The 
procedure used was essentially that of Longonocker and 
Haley ( S ), Two grams of olive oil substrnte and 0.05 g 
of solvent-extracted castor bean meal, as the enzyme 
source, were weighed into 50-ml Erlenmeyer flasks. One 
ml of water was added to the control flasks, and 1 ml 
of recrystallized 2,4-D monohydrate sodium salt of the 
desired concentration was added to tho inhibition flasks. 
In all cases the enzyme was activated by the addition of 
0.6 ml of 0.1 N acetic acid. The flasks were incubated 
in a 37° C water bath. After desired reaction time, 50 
ml of 95% ethyl alcohol was added to stop reaction. The 
degree of hydrolysis was determined by potentiometrio 
titration of the liberated acids with NaOH to an indi¬ 
cated pH of 8,5. Under these conditions, slightly over 
half of the control substrate was utilized lu a 0-Ur period. 
The effectiveness of the &,44> inhibition h of the order 
of 10% by 3.03 x 10-< ml Slightly loss than 70% inhibi¬ 
tion was noted in the presence of 0.03 x 10"* tt. Harris 
et al, (JE) have shown that sodium dicblorophanoxy acetate 

1 Published by permission of the Director, North Dakota 
Agricultural Experiment Station. 
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Fig. 1. 2,4-Dfchlornpbcnoxy sodium ncftatft inhibition of 
cawior bean lipase on tlie hydrolysis of olive oil. The curves 
represent varying concentration of the 2.4-D Inhibitor. (1) 
Control, H a O; (2) 3.03x10 * M; (3) 0.03x10-* m: (4) 1.32 
x 1(H* m ; (5) 3.03 x 10 a M. 

acts as a protein precipitant at relatively low concentra¬ 
tion. The ether-extracted castor meal contains most of 
the protein originally present in the beans. Since the 

2,4-D would be expected to combine with other proteins 
as well ii h the lipase, tho ofToctivo concentration neces¬ 
sary for inactivation is probably considerably lower. 

In a kinetic study of this system, conditions were fol¬ 
lowed which allowed graphical determinations as devel¬ 
oped by Lineweaver and Burk (£). By varying the sub¬ 
strate concentration and keeping other conditions con¬ 
stant, an apparent increased activation occurred upon 
dilution of tho substrate. 

2,4-D is available commercially in four chemical forms: 
free acid, sodium or ammonium salts, amine salts, and 
esters. The sodium, ammonium, and amine salts, in all 
probability, could be converted to the 2,4-D free acid 
at a rapid rate by simple dissociation, in vivo and in vitro. 
However, the ester conversion would be more difficult to 
explain by this mechanism. 

The possibility of castor bean lipase acting as a typical 
esterase on 2,4-D esters was selected for Btudy in an 
attempt to explain such a conversion mechanism. The 
procedure used was essentially the same as described 
above. The reaction flask contained 8.5 ml of solution; 
0.063 w with respect to 2,4-D butyl ester, 5.7 x 10" 4 M 

TABLE 1 

*. ,4-D Butyl Ester Hydrolysis by Castor Bean Lipase, 
and Ultimate Inhibition or Lipase by the 
Hydrolytic Product, 2,4-D Free Acid 

% of butyl ester converted 

Qram » of ,0 free #c m 

cm stor meal 


0.90 

6.32 

6.18 


8.80 

.... 

0.10 

11.10 

11.43 


0.76 

11.43 

0.80 

20.74 

31.97 


32.81 

31.68 

0.80 

* <8.19 

’ 52.05 


48.61 




Fig. 2. 2,4-D butyl ester hydrolysis by castor benn lipase 

to the active 2,4-D-free ncld in the presence of olive oil. 
Hodiuin olente emulsifier added to both series of dusks. (1) 
Control, H u O : (2) 0.051 M 2,4-D butyl ester. 

sodium oleuto as an emulsifier, 5.3 x 1Q~* m acetic acid as 
activator, and castor meal as the enzyme source. The re¬ 
action was arrested and titrnted as described here. 

That castor bean esterase does hydrolyze the butyl 
ester is indicated by the titration of liberated acid. The 
calculated effective concentration of 2,4-D acid product 
of hydrolysis, showing complcto inactivation of castor 
bean lipase, is approximately 4.00 x 1 O’" M. Thus, the 

2,4-D acid approaches the same concentration, by the end 
of 21 hr, qb shown necessary for inactivation of the lipase 
by tho sodium salt of 2,4-D in Fig. 1 . 

The reaction waB followed in the presence of a natural 
glyceride substrate. To all flasks 0.50 g of castor meal, 
2.0 g olive oil, and 4,5 ml of 0.1 N acetic acirl was 
added. The control and inhibitor scries were brought to 
an effective concentration of 4.0 x lO^ 1 M sodium oleate. 
Butyl ester of 2,4-D was added to the inhibitor series 
to a concentration of 0.051 m. Total volume for all 
flasks was 10.5 ml. The reaction was arrested and 
titrated as previously described. 

From Fig. 2, it becomes apparent that even in the 
presence of a competing substrate, the butyl ester is not 
effective as an inhibitor until the hydrolysis to the 2,4-D 
acid occurs. The time for complete inactivation of the 
enzyme appears to follow closely the time of inactivation 
shown in Table 1. 

This investigation has shown that 2,4-D effectively in¬ 
hibits the activity of castor bean lipase at very low con¬ 
centrations. Also, through a study of the kinetics, it 
appears activation occurs by dilution of the substrate 
concentration. The butyl ester of 2,4-D has been shown 
to be inactive as an inhibitor for castor bean lipase, and 
must first be hydrolyzed to the 2,4-D acid for activity. 
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A Useful Sectioning Technique 

Maxwell S. Doty 
Botany Department, 

Northwestern University, Evanston, Illinois 

It is often necessary to obtain sections of biological 
materials for microscopic examination through particular 
minute areas, and in rather precise positions. Often the 
investigator lias just one cystocarp of a red alga, a 
single sclerotium of a fungus, or a small fragment of a 
valuable type specimen to section. At other times it may 
be desirable to section fresh aquatic (either fresh-water 
or marine) material without killing tho colls that may 
remain intact, as in tho examination of Forphyra or liv¬ 
ing leaves. 

The object to be sectioned, e.g. a tooth of the fungus 
Dcntinum , is placed on a microscope slide in a drop of 
mucilage just largo enough to cover it. A specimen 
0.5-1.0 min on a side is sufficiently large, though smaller 
or larger pieces can be handled with ease. The mucilage 
should be allowed to dry until when prodded with a dis- 



FIG. I 


secting needle the object is motionless, as is the muci¬ 
lage fracture around the needle. In general, tho more 
nearly dry the mucilage is the better, but it must not 
become brittle. If the mucilage becomes too brittle that 
condition may be alleviated by the addition of about 
10% glycerine. 

Double-edged razor blades are uaed for sectioning for 
several reasons: they are more readily made serviceable, 
and they have no stiffening edge or back that might 
obstruct vision or prevent resharpening as shown in 
Fig. 3. The blades are prepared as follows; While still 
in the paper package, the blade and the package are 
broken in half lengthwise (Fig. 1); then one end of a 
half-blade is broken off obliquely (Fig. 2, broken Hue) 
and the paper removed. This procedure produces a 
pointed blade (Fig. 5) that is very sharp. If a day 
or so is to elapse between sectioning, it is belt to dis¬ 
card the unwrapped blade and start with a newly un¬ 
wrapped half, ns the exposed blades seem to lose their 


edge. It is essential to have a very sharp cutting edge, 
and so a further segment of the blade should be broken 
off parallel to the first (i pointing 1 ' or oblique break 
(Fig. 3, broken lino) just before sectioning each object. 
Sectioning is done on the stage of a dissecting micro¬ 
scope, the stage being nearly at table level, so that there 
is adequate support for the operator's forearms. A mag- 
nifleanom of 10-20 diam is adequate, permitting a auffi- 


\ 



ciently wide field and ample depth of focus, The object- 
bearing slide is placed on the microscope stage bo that 
the desired plane of sectioning is oriented about 00* 
counterclockwise from vertical (i.e., running from about 
10 o'clock to about 4 o’clock) in the Hold of the micro¬ 
scope (Fig. 4), and with the material a little way toward 
8 o'clock from tho center of the field. Another micro¬ 
scope slide (Fig. 4) is placed over the object as a guide 
for the razor blade, with the portion of the object to be 
sectioned half-protruding from under the end of the 
guide slide. The end of this guide elide should parallel 
the plane of sectioning and extend to the left (or right 
for left-handed people). Its right end should be far 
enough toward 8 o’clock in the microscope field that its 
end surface can be seen. 

The guide slide should be held with the left hand and 
the prepared razor blade in the right hand. Cuts are 
thon made across the mucilage area with the direction of 
cutting (Fig, 4) from upper left to lower right and with 
the flat face of the razor blade in contact with the guide 



FIG 5 


elide. TIM Ant cuts are mads with the nuor blade in¬ 
clined (position 1 in Vig. 6) co that the cutting edge 
in eentact with the object-bearing slide is at a distance 
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from the ond face of the guide slide. Cuts are made 
clear through the mucilage and object to the glass. With 
successive cuts the razor blade is brought more nearly 
erect (positions 1 through 4 in Fig. 5). These cuts 
bring the razor blade more nearly perpendicular and 
nearer and nearer to the end face of the guide slide. 
This procedure controls the thickness of the sections. 
By the time sufficient sections have been cut to bring 
the razor blnde nearly perpendicular the operator has the 
feel of the particular object-mucilage mount and of the 
razor blade. The material should be so placed that the 
critical sections can now be made by continuing the 
process of slicing and straightening up the blade with 
each successive slice (positions 4 through 7 in Fig. 5). 
The beat sections, i.e., the thinnest and most perpendicu¬ 
lar, are obtained, as a rule, just when the razor blade is 
brought perpendicular (position 5 in Fig. 5) and past 
perpondicular (positions 6 and 7 in Fig. 5) by slanting 
the razor blade to cut under the guide slide edge. 

After slicing is completed through the desired area, 
the guide slide is removed and a drop of water or dilute 
glycerine is placed over the mucilage-impregnated sec¬ 
tions. In a minute or two the sections will float free, 
or nearly free, as the mucilage softens. The thick, un- 
soctionod portions of the object may be removed with a 
dissecting noodle and the remaining sections spread 
about. The sections mny then be stained or treated in 
any manner which mny be required. 

The technique works equally well with fresh, dried, 
or preserved materials. Moreover, a section may be ob¬ 
tained with a high degree of bucccss, with almost no 
equipment, and with a minimum of experience when just 
one pin-point object is available. Sections have been 
obtained easily and consistently of materials that are 
somewhat less than 5 p, thick. 

Effect of a Folic Acid Antagonist on 
Hormonally Induced Changes in the 
Rat Prostate 

Herbert Brendler 

Brady Urological Institute, The Johns Hopkins Hospital, 
Baltimoro 

A definite relationship has been demonstrated in the 
chick between estrogen utilization and folic acid require 
ment (I). That this relationship is not based simply on 
a general impairment of body growth has been shown by 
the fact that optimal oviduct responses to stilboestrdl 
occur is riboflavin- and pyridotine-defleient chicks. In a 
more recent development, Hertz haa found that the tissue 
growth response of the chick oviduct to stilboeetrol can 
be blocked by the administration of a folic acid antago¬ 
nist, presumably by competitive displacement of essential 
folkj arid (4). This explanation is supported by the 
observation that the inhibit!ve effect can be completely 
reversed by the administration of excess folic add. 


In the course of an investigation into growth mechan¬ 
isms of the rat prostate, 1 the foregoing findings raised 
several questions: 1. The use of a folic acid antagonist 
to inhibit the stimulating potential of an estrogen had 


TABLE 1 


Exp. 

Type* of mt* 

No. 

used 

Aver¬ 

age 

rut 

wt. 

In g 

Mode of 
treatment 

Aver¬ 

age 

pros¬ 

tate 

wt. 

In 

mgf 


Intact adult 

7 

201 

a-CHtradln] 

11)0 

1 

14 •• 

7 

231 

a-egtradlnl 

373 





and ami- 






uopterin 



Intact adult 

0 

277 

uiulnopterln 

400 

2 A 

Castrate adult 

3 

238 

aminopterin f 

80 


Intact Immature 

5 

02 


83 



5 

01 

testosterone 

50 

2H 

.. 

7 


umiunpterlu 

28 


■* 

3 

51) 

testosterone 






and runt- 






nopterin 

53 


Cant rate adult 

n 

223 

testosterone^ 

380 

3 

“ *■ 

5 

202 

testosterone}: 






mid nml- 






nopterlnt 

406 


* Tlie adult rats used In these experiments were of the 
Shenmiu strain, uiid rau^ed In age from 00 to 120 day a. The 
immature rats were obtained from Curworth Farms* (Wistar) 
and were approximately 30 days old. 

t Combined weight of anterior (ventral) and posterior 
lobes, except in Kxp. 2B, where only anterior lobes were used. 

t Begun 24 hr posteastrationally. 

been clearly shown in the chick. Could the usual depres - 
sant effect of estrogen on the rut prostate be nullified in 
a similar manner t 2. If such were the ense, was there a 
possibility that the folic acid antagonist possessed andro¬ 
genic characteristics sui generist 3. If the antifolic prin¬ 
ciple did not inhibit the usual effect of the estrogen on 
the prostate, the probability was good that the blocking 
action was directed only at that function of the biological 
activity of the estrogen concerned with tissue growth. If 
so, might it not therefor© inhibit androgen-stimulated 
growth as well! 

The results of experiments designed to test the above 
hypotheses are summarized in Table 1. It will be seen 
that: 1. The use of the folic acid antagonist 1 partially, 

VThls study is being done in part under an American 
Cancer Society grant, recommended by the Committee on 
Growth of the National Research Council, and In part by a 
grant from the National Brewing Company. The author 
would like to extend his thanks to Dr. William Wallace 
Scott for bis kind assistance in this work. 

• Aminopterin (4-amino pteroyl glutamic add), a product 
of the Lederie Laboratories, was kindly furnished by Dr, 
E. B. Schoenbach, of the Johns Hopkins School of Medicine, 
who also supplied much valuable information derived from 
his experiences with the compound. The dally dose used In 
these experiments was 0,2 mg/kg body weight In aqueous 
solution. Subcutaneous Injections were given for 6-7 days, 
and the animals were sacrificed 24 hr after the last injection. 
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if not completely, interfered with the ordinary depressive 
influence of a*astrudiol 8 on the rat pTostate. (Table 1, 
exp. 1.) This finding in a sense confirms, but also ex¬ 
tends Hertz' reeent observations in the chick (2). 
2. Furthermore, the folic acid antagonist possessed no 
androgenic potential itself, as judged by its inability to 
stimulate prostutic growth in castrate adult, and intact 
immature rnta. (Table 1, exps. 2A and 2B.) 3, Lastly, 

no interference with androgen 0 stimulation of tissue 
growth is occasioned by the folic acid antagonist in 
castrate udult or intact immature rats. (Table 1, exps. 
2B and 3.) From this wo may reason that folic acid 
is not a prerequisite for hormonnlly induced growth in 
general, but is only essential for the proper utilization 
of estrogen, either in a stimulant or depressant capacity. 

Further investigation of this problem is in progress, 
using other folic acid antagonists than the one employed 
here. Those studies will be reported subsequently in a 
paper which will also include complete histological dotails. 
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Metabolism of I 131 in Severe Anoxic Anoxia 

L. Van Middlesworth 

Department of Physiology, University of Tennessee 
College of Medicine, Memphis 

Clinical reports ( S } 4 , 6) have indicated symptomatic 
improvement of hyperthyroid patients who sojourn at high 
altitudes. Rats exposed to severe anoxic conditions 
demonstrated an oxygen consumption 40-50% of normal 
(i, 7). These results suggest involvement of the thyroid 
gland in accommodation to anoxia. The present investi¬ 
gation was undertaken to determine whether any signifi¬ 
cant alterations in metabolism of radioactive iodine could 
be detected in relatively acute exposures to severe anoxic 
anoxia. 

Eighteen rats wore fed a low iodine diet (5) for 8 weeks, 
after which half of the animals served as controls and the 
other half wore exposed to 208 mm Hg air pressure (which 
stimulated a 27,000-ft altitude) at 15-20° C. The low 
pressure rats were subjected to this anoxia for 12 hr and 
were then returned to sea level for injection of iwi. 
Within 3 min they were re-exposed to the low pressure for 
an additional 24 hr, after which they were sacrificed. The 
sea level control animals were also kept at 15-20° C and 
likewise injected with I w 24 hr before they were sacri¬ 
ficed. All injections of radioactive iodine consisted of 10 
lie in 0.5*cc of physiological saline (pH = 8.0) administered 
intraperltoneally. In each rat the total Its* was deter¬ 
mined in the thyroid gland and in a sample of plasma, 


•Crystalline a-estradloi and testosterone were obtained 
through the courtly of the Scheriog Corporation. The daily 
dose of these substances was 0,1 ntg in sesame oil ; the same 
injection schedule was used as that for aminopterin, 


TABLE 1 

Fractionation of Plasma Radioactive Iodine 



Male 

ruts 

Female 

rats 

Experimental * 
conditions 

Filtrate* 

% Plasma 

Ppt.t 

Filtrate* 

ppt.t 

* 

22 

78 



'A- 

22 

78 



Sea level 

14 

80 

62 

38 

controls 

47 

53 

46 

64 


26 

75 

4C 

54 

avg 

.20 

74 

jnT 

40 


88 

12 




00 

10 

08 

2 

Anoxic rats 

05 

5 

98 

2 


95 

5 

97 

2 

avg 

91 

~8 

08 



* Trichloro acetic acid filtrate. 

t Trlehrolo acetic acid precipitate (protein bound fraction). 


Plasma l* 31 was fractionated by the addition of 5 volumes 
of 10% trichloroacetic acid to separate “protein bound" 
Iiai (®), Urinary excretions from the two groups of 
male animals were pooled as two samples. The data arc 
summarized in Tables 1 and 2. 

Tho anoxic rata demonstrated a pronounced reduction 
in protein bound I'iai in plasma. Tho average values ex¬ 
pressed as percent of plasma I 131 for male animals were 
ns follows: trichloro-acotic acid filtrate of plasma of con¬ 
trol rats 26%, and of the anoxic ruts 91%; trichloro¬ 
acetic acid precipitate of plasma of control rats 74%, 
and the anoxic rats 8%. In the caso of female rats, the 
auoxie animals demonstrated an even greater depression 
of the protein bound I 131 fraction, but the control values 
wero also somewhat different from those of the male ani¬ 
mals. It appears inadvisable to account for the ap- 

’ TABLE 2 

Distribution of I im in Urine, Plasma and Thyroid Gland 


Male 

(10 rats 170-230 g) 


Female 

(0 rats 140-180 g) 


Experimental 

conditions 

Total 

urine 

(pooled* 

% of injected dose l 1 31 

Plasma Thyroid Total Plasma Thyroid 
j(lcc) gland urine (lec) gland 



0.78 

70 

0.23 

60 



0.64 

70 

0.23 

63 

Boa level 

30 

0,76 

40 (Not 0.38 


- controls 


0.78 

55 

deter- 




0,07 


mined ) , 




0,14 




avg 


0.02 

62 

0.28 

62 



0.67 

63 

1 0.67 

31 

Anoxic 

22 

0.04 

43 (Not 0.67 

28 



0*10 

46 

data* 0,07 

28 



0.71 

ee 

mined) 




j. i 

+w- ■ 


, 

avg 


0.52 

42 

0,00 

29 


* Pooled urine sample, calculated as % of dose per vat. 
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pareutly different result# obtained from the two sexes 
(see Tables 1 and 2), 

Table 2 indicates that the influences of anoxia upon 
Iim in unfractionated plasma, in thyroid, or in urine 
were not as striking as the effect upon protein bound 
Iisi 0 f plasma (Table 1). 

The data in Table 1 mny result from an almost com¬ 
plete suppression of a portion of the thyroid activity 
under these experimental conditions. More detailed ex¬ 
periments are necessary to substantiate such a conclusion. 
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The Use of Detergents for Quantitative 
Fat Determinations 
1. Determination of Fat in Milk 1 

Philip Schain 

Laboratory Service of the Veterans Administration 
Hospital, Staten Island , New York 

The determination of fat content has long been an im¬ 
portant aid in clinical investigation and in the dairy 
industry, involving in most instances the use of long, 
technically difficult procedures and extensive laboratory 
equipment. Babcock's method and modifications thereof 
are widely used in the dairy industry because of their 
comparative simplicity, but even these have certain dis¬ 
advantages. Sulphuric acid, used in the tests, often 
causes charring and consequent inaccurate results; cau¬ 
tion must be observed in handling the acid and glassware 
to prevent burns; and as many as three different cen¬ 
trifugations must be carried out for each test. The 
method outlined in this paper was created to obviate 
these difficulties. 

In this investigation a comparatively new principle is 
used—formation of a protein-detergent complex to break 
up emulsions and liberate the fat contained therein. The 
dispersion principle of detergents was originally used 
clinically to increase the bactericidal effect of antiseptic* 
(£) and is now also used in the laboratory to dissolve 
sputa for the purpose of isolating and concentrating 
tubercle bacilli (5), The combined solvent action of the 
two detergents described here has resulted in a very 
satisfactory method for the determination of fat in milk 
and shows promise its a universal procedure for the 
measurement of fat 

1 published with the permission of the Chief Medical Di¬ 
rector, Department of Medicine and Surgery. Veterans Ad¬ 
ministration, who assumes no responsibility for the opinions 
expressed or conclusions drawn by the nnthor. 


Materials , (A) A supersaturated solution of a fat 

dye is prepared by mixing 600 mg of oil red 0 in 100 ml 
of isopropyl alcohol. Two and one-half ml of tho clear 
solution is added to a mixture of 100 g of a standardized 
nonionic detergent, polyoxyethylene sorbitan monolaurate, 
and 66 ml of 65% ethyl alcohol, and the new mixture is 
shaken. (B) The other reagent is a standardized anionic 
detergent, dioctyl sodium phosphate. 

Procedure. (1) A well-mixed sample (17.6 ml) of 
milk is placed in a Babcock milk bottle. (2) Seven ml 
of solution (A) is placed in the vessol, which is then 
shaken immediately to mix the contents intimately. (3) 
Thirteen ml of reagent (B) is added without further 
shaking so that this last addition forms a layer at the 
bottom of tho container. (4) The container is immersed 
in a water bath at 180° F, Tho water level in the bath 
should be approximately equal to that in the bottle. (5) 
After 5 min in the bath, water at 180° F is added to 
the Babcock flask until the fluid level reaches the top 
of the graduated portion. (6) Tho flask is then set 
aside at room temperature for 10 min, after which the 
percentage of fat (as in the Babcock test) is rend by 
subtracting the lower meniscus reading from that of the 
upper meniscus. 

One hundred duplicate samples of milk u r ero tested for 
quantitative fat content. The readings obtained by this 
method wore tho same as those resulting from the Bab¬ 
cock tost. Detailed comparison of readings obtained with 
various types of milk, and comparison of methods for 
croaiu und ice cream will be presented soon. 

The test is based primarily upon three factors: (1) a 
proper order in mixing of reagents and specimen to ob¬ 
tain maximum effect of the reagents individually and 
combined; (2) correct proportioning of tho reagent emul¬ 
sion complex by adjusting tho quantity of the non ionic 
detergent to the type of emulsion (milk, ico cream, etc.) 
from which the fnt is to be extracted; and (3) a proper 
temperature at which the reaction takes place optimally. 
In addition to these factors, intervals between steps 
should not be prolonged; tho shaking, when prescribed, 
should be sufficiently thorough to distribute tho contents 
evenly; and the time of reaction should be exact. 

Milk fat exists in milk in the form of minute globules 
constituting a true emulsion of the oil-in-wnter typo, the 
fat globules being in the dispersed phase. Each globule 
of fat is surrounded by a very thin film of protein in the 
serum of the milk, concentrated on the surface and held 
in place by Burfaco attractions or adsorption. The pro¬ 
tein layer may contain some lecithin to form a protein- 
lecithin layer on the surface of tho fat molecule. Thin 
concentration of the milk proteins around tbq fat globule 
is one factor which assists in maintaining the stability 
of the fat emulsion in milk. 

Dioctyl sodium phosphate is an anionic compound in 
which the hydrophilic portion is negatively charged. It 
has a long chain of earbon atoms with a strong polar 
group located near the center of the carbon chain. With 
a given chain length of a detergent, the position of the 
hydrophilic groups 1 b an important variable in the deter* 
initiation of the surface active properties of the resultant 
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molecule. Dreger and his co-workers (I) showed that 
the activity of detergents increased when the hydrophilic 
groups were attached near the center of the carbon chain. 

Mixing this detergent with milk and heating the com¬ 
bination effects a dispersion of the protein layer around 
the fat globule, liberating the fat so that it can combine 
with other fat molecules. However, the separation is not 
complete. When a quantity of the strongly hydrophilic, 
nonionic detergent is added to the mixture, a clear solu¬ 
tion and complete separation results. 
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On the Food Selectivity of Oysters 

Victor L. Loosnnoff 

U. S. fijfc and Wildlife Service 

Marine Biological Laboratory, Milford , Connecticut 

The question whether oysters and other closely related 
mollusks enn, in selecting their food, discriminate be¬ 
tween the different typos of microorganisms has been 
debated since the end of the last century, but no general 
agreement hns been readied as yet. Among others, 
Lotsy (5) and Grave (£) thought that, in their feeding, 
oysters show a definite selection of particles having food 
value. Another group, represented by Kellogg ($) and 
Yonge (7), maintains that in lamellibranehs the selection 
of particles is purely quantitative. Yonge (7) thinks 
the main objective of this selection is 4 'the reduction of 
the quantity of matter passed to the mouth, targe par¬ 
ticles or many small particles embedded in mucus being 
rejected and smaller particles or mucus masses passed on 
to the mouth quite irrespective of theiT food value." 

My observations and experiments make me agree with 
Lotay and Grave that oysters ( 0. virginica) do show 
some selectivity in feeding. In several of our feeding 
experiments in which yeast cells in very small numbers 
were addod to running sea water many oysters rejected 
most of the yeast in pseudofecea, while the true feces 
were composed largely of plankton forms and detritus 
normally present in our waters (Loosanoff and Engle, 
/), It is significant that the yeast cells were rejected 
even if their size (about 5p diam) was equal or oven 
smaller than that of the many forms ingested by oysters. 
This clearly indicated that the discrimination against 
yeast cells was not based upon their size. 

Recently I had the opportunity to observe even more 
striking eases of selectivity shown by oysters in their 
feeding. In the summer and fall of 1948, during periods 
when sea water contained relatively Httle food material, 
we were adding at a constant rate small quantities of 
plankton culture to the water flowing into the trays con* 
taining experimental oysters. This culture, which was 
l^bwn outdoors in a 3000-gal wooden tank, contained a 
vnariety of different algae, flagellates, and bacteria. The 


color of the culture was usually light brown or a purple- 
brown. In feeding this culture to the oysters I noticed * 
that in many cases the pseudofeces formed were purple 
or pink, while the color of the material that was swal¬ 
lowed by the oysters and passed through the digestive 
system was greenish-brown. 

Microscopic examination showed that the purple pseu- 
dofdtea consisted principally of a round-shaped fonn 
measuring 2 to 3 \i diam. The true feces, on the other 
hand, consisted of plankton normally present in our 
water and of relatively small numbers of the purple form. * 
On the basis of morphological examination, this form 
has been tentatively identified by 8. P. Snieszko of our 
service as being a species of the genua Chromatium petty, 
.which contains purple sulfur bacteria. 

On several occasions I was able to grow, in flasks, cul¬ 
tures consisting predominantly of chromatin. The cul¬ 
tures developed best if placed near a southern window in 
strong light. The color of the good cultures was almost 
purple. When these cultures were added to the greenish- 
brown cultures fed to the oysters the lntter soon formed 
purple pseudofecea composed largely of chromatia, while 
the feces remained a normal, greenish-brown color. 

I have noticed that the most energetic rejection of the 
purple form by oysters took place usually during the first 
few days after it was added to the water. Later on, 
some of the oysters evidently developed tolerance to this 
form and ingested it without apparent discrimination. 
As usual, the oysters showed considerable individual 
variations in their feeding belmvioT, i.o., while some of 
them ingested Chromatium within a few hours after it 
was first added to the water, the others continued to 
reject it even after severed weeks of contact. 

Because Chromatium is smnllor than many other forms 
ingested by oysters, we cannot ascribe its rejection to it* 
size. It is more probable that as Cobb (I) has shown 
for Anodonta, the pulps of which responded to a variety 
of stimuli, including those of a chemical nature, the 
palps of oysters may possess specialized cells which act 
as chemoreceptors, and may bo sensitive not only to the 
physical characters of plankton forms, such as their size 
and shape, but oIbo to their chemical properties. Nelson 
( 6 ) says that feeding of oysters also is a complex process 
involving the interaction of the muscular, ciliary, secre¬ 
tory, and nervous tissues. Thus, I think, the selection 
of food may be based in part on the nature of the secre¬ 
tions of different species of microorganisms reaching the 
palps, and therefore, as the observations on the rejection 
of chromatia indicate, at least in some instances, oysters 
can select their food not only quantitatively but also 
-qualitatively* 
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Comments and Communications 


Two Aspects of the Loyalty Problem 

The integrity of science and scientific education in this 
country is seriously jeopardised, and can be maintained 
only if scientists generally and the National Research 
Council in particular are alerted to the dangers inherent 
in the requirement of clearance and “ loyalty M oaths for 
research fellowships and nonsecret work. Actually the 
dangers are not confined to science, although they are 
most acute there. The principle stated by the Congres¬ 
sional interrogators of Dr. Smyth and others is that no 
one should be educated at public expense who may not be 
acceptable for government work by the terms of the Fed¬ 
eral Loyalty Order—“who would not in the future be 
eligible to work for the Government in classified fields . 99 
This would apply to National Science Foundation fellow¬ 
ships and any other publicly supported grants. In view 
of the clearance difficulties of some of our most outstand¬ 
ing scientists, and the irresponsible interpretations re¬ 
cently given to routine FBI reports, this condition is 
manifestly generating fear and insecurity. 

An oath unaccompanied by an FBI investigation may 
sound harmless—an oath of allegiance, as a safeguard 
against treason, is surely unexceptionable. But an oath 
covering “post and present membership in various or¬ 
ganizations, M under penalty of perjury , to determine the 
“subversive and reasonably potentially subversive, M is 
quite another matter, and it is on this that some scien¬ 
tists have compromised. Our Atomic Energy Commis¬ 
sion fellows have already been asked to take general and 
inclusive oaths, subject to interpretations which can only 
become clear as time goes on. An oath involving the 
beliefs of both the individual signer and the organiza¬ 
tions (whatever “ belief M may mean in this case) to 
which he may belong or which he supports (whatever 
that means), 1ms been written into the National Science 
Foundation bill now before the House of Representa¬ 
tives. It would be folly to expect that these oaths would 
not be followed by some sort of investigation, and any 
attempted guarantee to the contrary would be ridiculous. 
Oaths of this kind open the possibilities of irresponsible 
accusations, and of legal procedures based not on acts but 
on opinions which for one reason or another may not be 
popular at the moment. The chain of associations is end¬ 
less. Will the professor be deterred from making recom¬ 
mendations without investigating his student's views, 
since any difficulties will also involve him? Dare a stu¬ 
dent study with any nonconformist professor, however 
brilliant, since he may need simon-pure recommendations? 

The words “subversive'' and especially “potentially 
subversive*' arc variable terms; the whole they ore 
expanding, becoming more comprehensive, at the present 
period. According to Senator Hickenlooper, subversive 


“probably means generally someone who believes in do¬ 
ing substantial harm to our form of government and to 
our institutions.'' One could agree unthinkingly, yet 
only a few years ago a National Science Foundation it¬ 
self was regarded as an idea considerably to the left of 
center, and it took a brave scientist to stand ui> and de¬ 
fend publicly the public support of science. How about 
national health insurance, and public bousing? Accord¬ 
ing to many they will do substantial harm to our institu¬ 
tions, and evou to our form of government. And one has 
only to believe in them. 

It is a wholesome exercise to remind ourselves that 
there have been definitions of loyalty quite different from 
that in current vogue. According to the Connecticut 
Yankee (italics Mark Twain's): 

You sue my kind of loyalty was loynlty to one’s country, 
not to Its institutions or its office-holders. The country is 
the real thing, the substantial thing, the eternal thing; It is 
the tiling to watch over, and care for, and be loyal to; insti¬ 
tutions are extraneous, they are Its mere clothing, and cloth¬ 
ing can wear out, become ragged, cease to be comfortable, 
cease to protect the body from winter, disease and dentil. 
To be loyal to mgs, to shout for rags, to worship rags, to die 
for rags—that is a loyalty of unreason, it Is pure animal; it 
belongs to monurchy, was invented by monarchy ; let mon¬ 
archy keep it. 1 was from Connecticut, whose Constitution 
declares '‘that all political power Is Inherent In the people, 
and nil free governments nro founded on their authority and 
Instituted for their benefit; and that they have at alt time$ 
an undeniable and in defeasible right to alter their form of 
government in such a mnnner as they may think expedient.” 

Under that gospel, the citizen who thinks he sees that the 
commonwealth’s political clothes are worn out, and yet holds 
his pence and does not agitato for n new suit, Is disloyal; he 
Is a traitor. That lie may be the only one who thinks he 
sees this decay, does not excuse him ; It is his duty to agitate 
anyway, and It Is the duty of the others to vote him down If 
they do not see the matter as he does. 

Of course this is a very radical statement; one would 
not have to go nearly so far as to act in accord with it to 
be refused clearance for secret work. We are perhaps 
not in immediate danger of having Mark Twain barred 
from school libraries, but we are already afraid of hav¬ 
ing people take him, or the constitution of Connecticut, 
too seriously. And unless we resist completely tins latest 
invasion of the personal beliefs of students and their 
teachers, we are inviting the kind of atmosphere which 
pervaded Germany in the thirties, stiffing academic 
achievement generally and science in particular. 

Theodob Rosebuby and Melba Phillips 
American Association of Scientific Workers 
Nsw York Btarnh 


The Scientists' Committee on Loyalty Problems has 
been studying the loyalty and security clearance pro¬ 
cedures of different government agencies for some time* 
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While these procedures could be improved in muny ways, 
the committee wishes to point out to scientists that they 
themselves, even under present procedures, can bettor the 
situation. 

The following proposal aims at raising the level of the 
confidential reports on which clearance decisions are 
baaed. In moat investigations, agents of the FBI obtain 
information from friends, neighbors, and colleagues of 
the person to bo cleared, as well as from less direct 
sources. The results are collected in a confidential dossier 
in which the sources of information are often anonymous, 
or revealed only to a very limited number of officials. 
It is obvious that those unacknowledgeable statements 
can cause serious misunderstanding which cannot easily 
be clarified, especially in cases whore the clearance status 
moots with difficulties. 

It is, therefore, strongly rocommonded that all scien¬ 
tists adhere to the following rules whenever possible: 

(1) When giving information to loyalty and security in¬ 
vestigators, state willingness to testify if necessary. 

(2) Prepare a signed, written statement of the informa* 
t'ion for the investigating agency. 

Scientists * Committee on Loyalty Problems: Ly¬ 
man Spitser , Jr., Chairman; William A. Higinboiham, 
Associate Chairman; Arthur S. Wight man, Secretory; 
Donald F. Hamilton, Treasurer; David Jtohm, Soy Brit - 
ten, Sobcrt S. Jtv&h , Rtmer G. Butler, Albert Einstein, 
Luth&r P . Eisenhart, Samuel A . Goudsmit, M. Stanley 
Livingston, Stuart Mudd, David Pines, Oswald Veblen, 
Irving Wolf. 

Princeton , New Jersey 

The Northern Limit of the Fauna of the 
African Equatorial Forest 

While in the southern Sudan in 1948 with the U. S. 
Navy Medical Science Group (University of California 
African Expedition) I gathered material and information 
concerning the fauna of the forested mountain ranges 
of the Latuka country in the eastern part of Equator! a 
Province. 

The Imatong Mountains (10,376 feet -3163 meter.s) 
and Didinga Mountains (8935 feet = 2724 meters) are tlm 
highest elevations between the mountains of Konya and 
Uganda and the highland of Ethiopia. Four species of 
mammals belonging to the forest fauna have been previ¬ 
ously recorded from this area and can now be correctly 
identified, thus serving as index species for an appraisal 
of this fauna. They are (3) Black and White Colobus 
Monkey, Colobus polyJcomos occidental^ Rochebruno (syn. 
dodingae Matschie), (2) Blue Monkey, Cercopithecus 
mttis stuhhnanni Mat seine (otoleucus Bolster), (3) 
Bushbuck, Tragelaphus scriptus delamerei Pocoek (do* 
dingae Matschie, locorinae Matschie, barkeri (Millais), 
(4) Blue Duiker (Phtlantomba monticola aequatoriaUs 
Matsehie), (5) From descriptions received locally, al¬ 
though no specimens were obtained, it appears probable 
that the Black Mangabey (Oercocebus albigena joJinstoni , 
Lydekker) also occurs. 

These forma are subspeciftcaUy identical with those 
ocMirihg in the forests of Dgmufr and in the Ituri 


forest. They indicate that the reduction of the con¬ 
tinuous forest and the development of the forest islands * 
in the East Nile area are of fairly recent origin. On the 
other hand the separation of the mountain forosts of 
southern Ethiopia is more remote. The species of this 
forest fauna are subspecifically distinct from those in the 
mountains of the Latuka country. 

* Ernst Bchwars 

V ♦ S. Naval Medical School, Bethesda , Maryland 

A Statement of the Governing Board 
of the A.I.B;S. 1 

For more than a decade, biological scientists and par¬ 
ticularly geneticists .and eytologists in the US8R have 
boon attacked by so-callod w Miehurimsts , J} led by T. D. 
Lysenko, now a high government official and a public 
figure. Lysenko ami his followers have declared the 
principal attainments of genetics and cytology, including 
Mendel’s laws, to be invalid. This has been done in a 
manner which shows clearly that Lysenko is either un¬ 
familiar with, or else is willfully ignoring, the basic facts 
and tho methods of investigation of the sciences which 
he presumes to negate. On the other hand, Lysenko and 
Ids adherents have claimed successful experiments with 
higher organisms demonstrating directed hereditary 
changes of a useful kind, by means of adaptive responses 
that later were inherited. Such phenomena would have 
been of great theoretical and practical value if confirm¬ 
able. However, outside Lysenko’s group in the USSR, 
such confirmation has proved impossible. 

Tho necessity for clarifying tho situation becomes all 
the greater because Russian spokesmen, such as I. I. 
Froze»t and W. Kaftanov, quote from the works of West¬ 
ern geneticists in support of their views. This Commun¬ 
ist party line has even penetrated in subtle ways into 
reputable weekly and daily journals in France, England, 
and the United States. The opinion is consequently 
spreading that modern genetic researches in the West 
support the official Communist views on heredity. Noth* 
ing could bo farthor from the truth. Authors quoted by 
the Russians have strongly denied the validity of draw¬ 
ing such conclusions from their studies. In no case has 
their work discredited or contradicted the firmly estab¬ 
lished validity of the gene. They resent having their 
papers cited as leading to Bueh a discrediting, for this is 
a manifest reversal of their data and of the intent of 
their statements. 

The opinions and claims of Lysenko and his followers 
have become a matter of especially serious concern to 
scientists everywhere because the government of the 
US8R has not only approved and supported the Lysenko 
group, but has also condemned and suppressed those bi¬ 
ologists in the USSR who have disagreed with Lysenko 
and who have tried to continue theit research in the fields 
of genetics, cytology, and related sciences. As reported 
in recent months by the world press, and published in the 
official newspapers of the USSR, the views of Lysenko 
have been endorsed by the government organs directing 
scientific research in that country-^among them the 
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Academy of Science# of the USSR, the Academy of Agri- 
cultural Sciences, and the Academy of Medicine. More 
serious still, geneticists, cytologists, and evolutionists as 
eminent in their fields and as well known to their col¬ 
leagues all over the world as Dubinin, Schmalhausen, 
Zavadovsky, and others have been removed from their 
positions, deprived of their laboratories, or led to moke 
shameful declarations of their supposed acceptance of 
Lysenko's view. Finally, the tomper of this supposedly 
scientific controversy may be appreciated by the pro¬ 
nouncements of 8. Kaftanov, Minister of Higher Educa¬ 
tion, to the effect that all anti-Lysenko doctrine must be 
systematically rooted out of the schools, universities, re¬ 
search institutes, and publishing houses. 

It may be left to the judgment of scientists, friends of 
science, and all fair-minded people to arrive at their own 
conclusions regarding the propriety of governments and 
political parties not only deciding a supposedly scientific 
controversy in favor of one and against another theory, 
but also dismissing scientists and depriving them of the 
means of conducting their research, and too often of 
their lives, because of their adherence to a scientific 
theory accepted everywhere on this side of the iron cur¬ 
tain. As representatives of American scientific societies 
devoted to furtherance of research and study in genetics, 
we feel it our duty to state that the contention raised by 
Lysenko and his *‘ Miehurinists' * against genetics does 
not represent a controversy of two opposing schools of 
scientific thought. It is in reality a conflict between 
politics and science. Today the condemned science hap¬ 
pens to be genetics. Indeed, the conflict has already 
spread to other biological fields, and eminent physiolo¬ 
gists, embryologists, microbiologists, and others are now 
being dismissed in the USSR. Tomorrow still other 
sciences may be proscribed. 

The progress of science has always depended upon free 
inquiry. The inheritance of acquired characteristics, and 
other doctrines that the Russians now sot forth as the 
official party line, have had their proponents in America; 
some non geneticists still hold t o these ancient opinions, 
Nevertheless, they are allowed to investigate or philoso¬ 
phize, and they have a hearing. In Russia, on the other 
hand, geneticists axe being rooted out as dangerous, 
bourgeois, reactionary, idealist, fascist, regardless of 
their political views, simply because they, like geneticists 
everywhere else in the world, know and accept the facts 
of experimental breeding and microscopic observation 
which Russian politics has branded false. It is of the 
utmost importance for the preservation of free inquiry 
in that part of the world where It still exists that these 
facts be known and fully appreciated. 

The Governing Board of the American Institute of 
Biological Sciences, an organization representing Ameri¬ 
can societies in numerous fields of biology, Is issuing the 
present statement after consultation with the executive 
committees of those societies in its organization which 
deal mote particularly with the matters here at issue— 
namely, the Genetics Society of America and the Ameri¬ 
can Society of Human Genetics. We would sum up our 
positions in the following propositions: 


1. In our opinion the conclusions of Lysenko and his 
group regarding the inheritance of adaptive responses in 
higher organisms have no support in scientific fact. 

2. Genetic researches definitely support the reality of 
the gone and the validity of Mendel's laws. They do 
not support the official Communist claim that Mendelian 
heredity is an illusion, and any attempts on the part of 
Russian proponents of the Lysenko doctrines to bolster 
their case by citations from the works or conclusions of 
Western scientists are gross distortions of the meaning 
and intent of these scientists. 

3. We condemn the action of the Soviet government in 
presuming to banish a firmly established science from its 
schools, publishing houses, and research laboratories, and 
in persecuting scientists because their field of inquiry is 
distasteful to the government. 

E. G. Butler 

T. C. Byerly 

F. P. Culunan 

W. O. Fenn 

R. E. Cleland 
Executive Committee 

Governing Board 

American Institute of Biological Sciences 

S. 1703 and the Antivivisectionists 

Scionco will probably lose by default its present legis¬ 
lative battle against one of its most vocal and powerful 
enemies—the antiviviscction cult. 

Representatives from twenty-six national health and 
science groups, local hospitals, universities, lay groups, 
and governmental agencies met in Washington the second 
week of July to dUcuss the political future of Senate 
Bill 1703, medical science's first Congressional broadside 
against the antivivisectionists. 

Specifically, the bill would enable District of Columbia 
scientific institutions to utilize a portion of the seven to 
ten thousand unclaimed and unwanted animals now an¬ 
nually 'destroyed in the District pound. The experi¬ 
mental use of these dogs which would otherwise bo use¬ 
lessly killed could speed research and teaching in the 
universities and government agencies of the nation's 
capital. 

The bill applies to the District of Columbia only. 
Actually, however, because of its precedent-establishing 
nature, the legislation is of national importance. 

A. C. Ivy, secretary-treasurer of the National Society 
for Medical Research, reported to the Washington meet¬ 
ing that a recent legislative conference revealed the bill 
would probably remain in committee because scientists 
and the friends of science have failed to express them¬ 
selves on the matter. Dr. Ivy pointed out that members 
of the special Senate subcommittee to which the bill was 
referred are personally in favor of the bill, but that an 
organized flood of antivivisectionist mail has introduced 
political complications. 

Senator Margaret 'Chase Smith of Maine, the chairman 
of the subcommittee, has received the brunt of the anti¬ 
vivisectionist pressure. Although she recognizes the 
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great need for the bill's enactment, Senator Smith ap¬ 
parently regards the measure as a political “hot potato" 
and hopes to avoid political pressure from the small-num¬ 
bered but extremely militant antivisisectionists by keep¬ 
ing the bill in committee. Senator J. Howard McGrath of 
Rhode Island, another subeommitee member, who intro¬ 
duced 8. 1703, has also been subjected to antivivisectionist 
political pressure. 

Scientists and their friends should write to Senator 
McGrath supporting 8. 1703 and to Senator Smith urg¬ 
ing the subcommittee to recommend the bill, 

As Dr. Ivy suid, "The preposterous and dangerous 
situation which the anti vivisection movement has pro¬ 
duced is really the scientist's fault. Our lack of effort 
in the past has enabled the antivivisectionist^ to achieve 
their prosent restrictions on research and teaching. It 
would be more than a tragedy if further inertia were to 
continue and this important legislation suffer a defeat.' 1 

Bhuce Shelly 

National Society for Medical Research, 

Chicago 

On the Application of Scientific Procedure 
to the Social Sciences 

In a letter published in Science (March 18, 1949) 
Edgar G. Miller, Jr., says "Science is not any particular 
method or set of techniques. It is a way of reasoning. 
The standards are intellectual rather than procedural." 
These statements are part of an argument showing that 
it is wrong to criticize the social sciences On the ground 
that they do not use the "procedural" methods of nat¬ 
ural science. The writer says further that "the validity 
of the scientific method is not confined to any one pro¬ 
cedure. " 

I believe this is a misapprehension. Natural scientists 
have discovered, rather late in history, that science can 
progress only if it is made impersonal and objective. 
Observations of facts in nature have to be independent 
of the observer—of his language, race, religion, intel¬ 
lectual power, and above all his motives. The "pro¬ 
cedure" for ensuring this is simply to require that any 
fact be observable or demonstrable at all times to any¬ 
one, before it is admitted as a part of science. Only 
since enforcement of this procedure has science truly 
grown; and, conversely, if it were relaxed science would 
retrogress to the days of alchemy and astrology. This 
applies to descriptive sciences like geology as well as to 
laboratory sciences like chemistry. The facts of descrip¬ 
tive science must be demonstrable. Any hypothesis which 
may be constructed must be labeled as such; it must be 
held plausible only as it codifies observations, and useful 
only as it leads to further observations. Until it is 
rigorously—procedurally—checked, it may not be used 
In demonstrations, simply because that would be assum¬ 
ing what is to be proved. It is only thus that science 
can purge itself of errors—-especially errors stemming 


from the desire to prove something preconceived rather 
than to ascertain the truth. 

It does not follow that the intellectual tools of sci¬ 
ence—hypothesis before the fact, and logic after it—are 
unimportant. It is just that they are not sufficient. 
Logic and hypothesis existed long before science made 
any^serious progress. The theologies and philosophical 
schools t|mt flourished in the predemonstration days were 
the work of men whose intellect and imagination were 
as good os our own. Their hypotheses were brilliant, 
their logic profound and Bubtle. Their common defect'' 
was simply that they did not check/ their premises by 
observation. The consequence was that their systems of 
thought were generally of low usefulness as descriptions 
of nature or as bases for scientific advance. The writ¬ 
ings of Aristotle furnish plenty of classical examples in 
illustration. What 1 b proved by thinking depends on the 
premises, and if the premises are arbitrary or unrelated 
to nature the conclusions will bo the same. Such pur¬ 
suits as chess playing and theology have intellectual 
standards as exacting as those of natural science, but 
they are not science, because they have nothing to do 
with nature, and may exist purely in the mind. It was 
not until thinkers applied the criterion—procedure—of 
checking thoir teachings one by on© against observation, 
and excluding from science anything that could not be 
so checked, that the success and prestige of present-day 
science could begin to grow. 

All this does not mean that further effort in the social 
sciences is useless unless they confine themselves to the 
observational method. In history, for example, it is im¬ 
possible to use the critical procedure of physics or chem¬ 
istry. That does not prove that history is not a useful 
or rewarding study; a thorough knowledge of history 
on the part of today's citizens might benefit humanity 
more thap the know-how of rockets and atom bombs. 
It does prove that history is not a natural science, 
and that a prediction of future events, or even a recital 
of past ones, is and remains an opinion judicially based 
on limited evidence, instead of an objective fact to be 
built on with confidence. The modern social sciences 
are in a somewhat different position; many of their 
teachings are objective and demonstrable. But many 
others ore not, and perhaps never will be; and failure 
to differentiate between fact and hypothesis can serve 
only to debase future work in the field. The consensus 
of scientific thought will be, I think, that social science 
may beet advance by cheeking as many of its teachings 
as possible against experiment and observation, and 
rigidly separating these from the teachings that are as 
yet unconfirmed by critical procedure and are there¬ 
fore still hypotheses or assumptions—to be regarded as 
useful instead of true , and above all to be treated with 
the impersonal skepticism Of the scientist instead of the 
interested faith of the prophet. 

PaiDEWCK Hombkoo 

Au$tin f Team 
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Book Reviews 


Our tun. Donald H. Menzel. The Harvard Books on 

Astronomy. Philadelphia: The Blakiston Company, 

1949. Pp. 326. $4.50. 

One of Dr. Menzel ’s principal contributions to astro- 
physical thought has been his insistence, often in the 
face of opposition, that the stars must not be regarded 
as static formations, but rather as turbulent masses of 
gas whose outer layers are constantly moving about in 
different directions, giving rise to tremendous promi¬ 
nences, extended atmospheres, coronas, and various types 
of corpuscular radiations. His new book * on the sun 
shows why he has maintained this picture of a star. 
There is every reason to believe that the sun is not 
unusual and that its prominences, spots, flocculi, and 
Hares are regular properties of most stars. 

The book is full of useful and up-to-date information. 
The first eight chapters describe the various features of 
the solar surface, including recent developments in infra¬ 
red spectroscopy at the University of Michigan and else¬ 
where. The problem of the spicules recently discussed at 
the Harvard High Altitude Observatory in Climax is 
treated in detail, as are also the new results on promi¬ 
nences derived by means of moving picture erfmeras. 

Chapter 9 is an account of the corona and gives a 
thorough discussion of Edl6n*s identification of the 
coronal lines and of Lyot’s work on the shape of the 
corona. There is a section devoted to the solar radio 
noise, and a discussion of the theoretical implications of 
the high temperature of the corona. 

Chapter 10 discusses the structure of the interior of 
the sun and the now generally accepted ideas of the 
source of the solar energy. Only one page is devoted to 
the origin of the solar system, probably because this 
topic was previously discussed by F. L. Whipple in his 
book The earth, moon and planet a—another issue of the 
Harvard series. 

Chapter 11 deals with the eclipses of the sun aud 
records many personal experiences and observations of 
the author. Incidentally, the results of Van Biesbroeck's 
measurement of the relativity shift in 1947 have been 
known for some time. The value, as published in the 
Astronomioal Journal, No. 1175, page 71, 1948, is 
2.01 + 0.18". 

The last chapter is devoted to those terrestrial effects 
which are correlated with solar phenomena. The illustra¬ 
tions are numerous and are exceptionally good, but Fig. 
149, showing the Doppler effect of the recession of the 
spiral nebulae, although of ten used in various recent pub¬ 
lications, is so heavily retouched that it gives an alto* 
gather erroneous impression of the spectral lines. The 
curve of growth shown in Fig. 59, although copied from 
another publication, is grossly misleading and should 
certainly be replaced by a more accurate diagram when 
this book is revised for a Second edition. 


Most readers will bo surprised that Hale’s great work 
on the sun is comparatively little recognized. For ex¬ 
ample, his invention of the spectroheliograph is dis¬ 
missed in two sentences, and the enormous productivity of 
his own research and of that of his associates at the 
Kenwood, Yerkes, and Mount Wilson Observatories has 
not been accentuated, but has rather been submerged in 
the great mass of more recent advances. Despite these 
minor criticisms, the book is an important addition to 
the astrophysical literature. It Is primarily intended for 
the amateurs, but professional astrophysicists will also 
find it a valuable and interesting summary of modern 
solar physics. 

Otto Struve 

Yericas Observatory 

Embryology. Lester George Barth. New York: The 

Dry den Press, 1949. Pp. vili + 330. (Illustrated). 

$5.00. 

In the pedagogical realm, no science deserves more or 
has received less from its practitioners than embryology. 
No biological field offers more drama and excitement than 
the one which treats of the transformation of a simple, 
tiny egg into a complex being. Yet most textbooks of 
embryology in use today are calculated to give the stu¬ 
dent the impression that embryology is the deadest of 
the sciences. It is a pleasure to record that this situation 
has just been altered by the appearance of a college- 
level text in which development is analyzed as well as 
described. The book is Embryology, by L. G, Barth of 
Columbia University. 

The book opens with a brief but compelling statement 
of the problems of embryology. The viewpoint indeed 
is primarily analytical throughout. For example, the ex¬ 
perimental work on the make-up of the unfertilized egg, 
on gastrulation and the organizer, and on the gradual 
differentiation in the neurula stages, is dealt with before 
the actual development of tbo frog’s egg is described. 
Moreover, although there are chapters specifically devoted 
to the traditional chick embryo and to the mammal, 
the author also draws on by droids, fiatworms, and echino- 
derms where they are useful in illustrating principles. 

The order of topics is roughly chronological, beginning 
with ovulation and proceeding to the later phases of 
development, where the several organ systems are con¬ 
sidered separately. In addition to the material conven¬ 
tionally treated in embryology texts, however, this book 
also deals with fertilization, regeneration, growth, sex 
differentiation, and embryonic physiology. In all cases 
an analytical approach is adopted wherever the material 
allows it, the tone throughout being critical and inquir¬ 
ing. The style, moreover, is dear and torse. It will be 
a poor student indeed who is not stimulated by the whole 
presentation. 
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Prof. Barth luia no doubt done a brilliant job of re¬ 
porting on an extremely broad field. In too many places, 
however, the coverage ie superficial. Thus the difficult 
subject of avian gastrulation is dealt with in less than 
a page and a half, with no adequate illustrations; the 
visceral pouches are dismissed as “five evaginations from 
the side walls of the foregutembryonic excretion is 
glossed over in 160 words. Such superficiality particularly 
afflicts the descriptive sections, for the reason, the author 
says, that “the details of comparative and descriptive 
embryology are of specialized interest"! Why experi¬ 
mental embryology is less specialized than descriptive he 
does not explain, nor docs he make it clear by what sort 
of transmigration a true understanding of experimental 
problems is to be conveyod into minds with the slipshod 
grounding in morphogenesis that he proposes. 

But the principal weakness of the book lies in the 
illustrations. The line drawings range from poor to 
grotesque. At best they are too schematic; at worst 
they are the sort of graphic enigmas that can be resolved 
only by u practiced eye—and not always by that. Many 
are ill-proportioned and inaccurate in detail. It is diffi¬ 
cult to see how the importance of exactness in observa¬ 
tion and recording is to be impressed on students if they 
find such sloppy work in print. There are numerous 
photographs, but most of those are not very cleaT, despite 
the use throughout of glossy coated stock that makes the 
book hard to read. The detailed descriptive captions, how¬ 
ever, are generally excellent. 

That the book has shortcomings I record with regret, 
and in the hope that, they will be corrected in a second 
edition. For the work is a most valuable contribution 
to tho teaching of embryology. No other text comes 
close to it in laying before the undergraduate student 
the living, growing body of knowledge that is embryology. 

Florence Moog 

Washington University 

Tbs theory of solutiont of high polymer t. A. R. Miller. 

New York; Oxford Univ, Press, 1948. Pp. vi + 117. 

$3.25. 

This small volume treats a very timely and important 
subject in a highly scientific and thorough manner; it i* 
not a book for a man who wants to get a first general 
idea of the matter but it is an excellent, up-to-date pres¬ 
entation of our present ideas of the nature of macro- 
molecular solutions and the modem ideas and mathe¬ 
matical methods used to represent their behavior in a 
quantitative maimer. 

After a short introduction dealing with the principles - 
of statistical mechanics and a little information on the 
most -important properties of macromolecules, the author 
proceeds to treat his main subject—namely, the statisti¬ 
cal treatment of flexible long chain molecules in a thermal 
solutions. This is done in a rigorous and general manner, 
yet the text always has great clarity and convincing 
simplicity. 

A. chapter on comparison of theory with experiment 
another on treatment of solutions with appreciable 
heat of mixing complete the presentation of our p re tent- 


day knowledge. A very stimulating chapter on possible 
extensions of the theory concludes the book, which is a 
valuable addition to the scientific literature and a master¬ 
piece of clear and concise writing. 

H. Mark 

Polytechnic Institute of Brooklyn 

* 

Motor performance and growth: a developmental study 
of static dynamometric strength . Harold E. Jones. 
Berkeley and Los Angeles: Univ. California Press^ 
1949. Pp. x+181. (Illustrated.) $2.00 paporbound, 
*3.00 cloth.' 1 

This painstaking research study is one of the few 
. longitudinal studies in which the same individuals have 
been measured biannually from the flth through the 12th 
grade, 11 to 17.5 years of age. The primary data in¬ 
clude 139 middle-class students, divided about equally as 
to boys and girls from five elementary schools of Oak¬ 
land, California, The measures consist mainly of static 
right and left grip, push and pull dynamometer strength. 
The significance of strength is shown in the large coeffi¬ 
cients of variation during tho adolescent growth spurt, 
these beiug greater than for any other physical or psy¬ 
chometric measures. Tho testing procedures are judged 
to have been good, since tho reliability coefficients were 
.938 or above for the boys and .901 and above for the 
girls. 

The selection of test b was dominated by convenience. 
Higher validities may be shown for the net contribution 
of leg strength to all-around athletic performance (Rog¬ 
ers f Montclair High School Data) and the superior valid¬ 
ity of the dynamic tests over the static type is frankly 
acknowledged. Correlations are quoted from Espen- 
schade’s work (1940) to show that right grip and total 
strength correlate .50 and .34, respectively, with a track 
dash, ,44 and .56 with the broad jump, .53 and .62 with 
a distance throw; low correlations of .27 and .29 are 
quoted for relationship to the jump and roach test and 
insignificant correlations are shown for the Brace motor 
ability test. To some considerable extent the book is a 
collaboration of several articles published in educational 
journals. Whereas total strength correlated .39 with 
age, .50 with skeletal age, .65 with height, .30 with popu¬ 
larity, .21 with good looks, insignificant correlations are 
shown for intelligence and socioeconomic status. Other 
authors (Bower, Jersild, Dimock) are quoted to sustain 
the role of strength in social leadership (reputation) and 
in athletics (Rogers, McCloy, Cureton). 

As a whole the study confirms, on the basis of four 
types of growth causes, the studies of others to verify 
the prepubertal lag followed by the growth spurt, the 
differences between boys and girls after 13 years of age, 
and variable patterns Of growth for early contrasted with 
late maturing oases. Tables of strength are given for 
each half-year of age from 11 to 17.6 years. Jones con¬ 
cludes that strength is superior to the shock creative test, 
the Crampton pubic hair method, or any other known 
method. It shows that eariy maturing boys and girls 
usually have greater total strength but In the early ma¬ 
turing girls there appears to ho an arrest of growth that 
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does not develop in the boys. The finding that the great¬ 
est growth for both boys and girls occurs in April and 
the least in October seems real but it is not well ex¬ 
plained. This is in direct opposition to the findings in 
various weight studies, which show the greatest increase 
in the second half of the year. 

The generalizations of the author as to educational 
implications are dominated by the belief that strength is 
almost wholly inherited and little credit is given to de¬ 
velopmental or environmental influences. The author 
seems to have some prejudice against intensively com¬ 
petitive games and athletics in general, which is unsup¬ 
ported by data. The positive aspects of guidance are 
relatively undeveloped, although opinions and inferences 
abound in the final chapter which go beyond the meaning 
of the data, since no methods for developing strength 
have been tested. 

Thom ah K. Cikf.ton, Jr. 

University of Illinois , Ur bana 

Fieldbook of natural history . E. Laurence Palmer. New 

York: McGraw-Hill, 1949. Pp. x + 664. (Illustrated.) 

$5.00. 

li Professor Palmer's Fieldbook is an extraordinarily 
comprehensive guide to natural history. Simply pre¬ 
sented, and profusely illustrated, it embraces more than 
two thousand items—birds, fish, plants, rocks and min¬ 
erals, the stars, mollusks, reptilos, and mammalB. Each 
item is illustrated with a detailed drawing or photograph 
for quick and correct identification, and for each there is 
a descriptive paragraph, followed by data on range and 
location, life history, ecology, and economic importance. 
An unusual feature of the book is its inclusion of many 
domesticated and economically important species not 
usually found in books of this kind.” 

This quotation from an advance notice released by the 
publisher of the Fieldbook proves to be an accurate 
description. Here is encyclopedic information about a 
wide variety of subjects. It bids fair to become one of 
the most frequently used books on the desks of teachers, 
high school and college students, naturalists, game man- 
agers, game protectors, gardeners, nature lovers, sports¬ 
men, and citizens generally who want to know something 
about their surroundings. The book should give a real 
impetus to efforts toward conservation education. 

One doesn't have to be a specialist to use this book. 
Technical terms have been avoided. But the information 
is exact and can be referred to in its place in the taxo¬ 
nomic scale. 

Most useful will be the drawings. While this book 
lacks conventional keys (which ordinarily cannot be used 
except by specialists anyway) there are hundreds of dis¬ 
tinctive line drawings so that identification of plants, 
birds, or insects should he a comparatively simple matter. 
It is true that some of the outlines do not look just right, 
but this applies to few, and is by no means strange in 
view of the comprehensive coverage of the work. If 
colors could have been used the illustrations would have 
been somewhat more useful. 

This reviewer has often wondered why, in our books 


on mammals and other specios, we should not include the 
domesticated varieties, including man (although perhaps 
it is stretching a point to call man domesticatedI). The 
Fieldbook does this, with excellent results. 

Unfortunately, the author follows the American Orni¬ 
thologists 7 Union Check-List in the use of the possessive, 
as “ Gambol 7 s quail 77 instead of the Gambel quail—as 
strained a usage as it would be to say "Vancouver’s 
Island 77 or tl Rainier's Mountain.’ 7 The author cannot 
be too much blamed, however, since probably the majority 
of usage in ornithology, at least, follows this cumber¬ 
some practice. 

In a work covering so large a field in natural history, 
it is inevitable that omissions should occur. Among these 
we note the absence of bicolor lespedeza and multiflora 
rose among plants. Since so many gardeners and game 
managers all over the country are concerning themselves 
with these species, with a zeal that smacks of a full- 
fledged fad in wildlife management, there are sure to be 
information-seekers who will be disappointed not to find 
them in this volume. But in general the material has 
been well selectod and one would be captious indeed to 
press this comment. 

The book is typographically attractive and accurate. 
Furthermore, it is equipped with a complete index which 
will greatly facilitate its use. 

Another virtue of this book is that it is authorita¬ 
tive—experts have checked the facts. This is unlike 
some other recent works whose authors appear not to have 
taken the trouble to check their information with 
specialists. 

The Fieldbook of natural history represents another 
major contribution from the splendid Cornell group of 
scientific leaders among whom the Comstocks, Needham, 
Bailey, the Wrights, Allen, and Hamilton are included. 
The volume is a great credit, both to the author and to 
the publishers. Furthermore, the reviewer cannot for¬ 
bear to mention the price. Five dollars for this book of 
664 pages is not only astonishing, but gratifying. The 
job is a public service which ought to be appreciated by 
all and will be by many. 

W. P. Taylor 

Stillwater, Oklahoma 

Theory of otciltationt, A. A. Andronow and C. E. Chai¬ 
kin. (Solomon Lefschetz, ed.) Princeton, N. J.: 

Princeton Univ. Press, 1949. Pp. ix + 358. (Illus¬ 
trated.) $6.00. 

The original version of this book was published in 
Bussiam in 1937, and parts of it were included in Minor- 
sky 7 e Ifttroduotion to non-linear mechanics, first published 
in the David Taylor Model Basin Reports during the war. 
It is concerned with oscillations in autonomous systems. 
In particular systems representable by equations of the 
form 

(1) = i = 

including the second ordeT equation jff + « = |i/((c, ffc), which 
is reduced to (1) by putting x-y* These equations are 
treated mainly by considering the path of the represen¬ 
tative point in the x, y or phase plane, using the Poin- 
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carABendiron theory of singular points and limit eyeles; 
some graphical methods and the van der Pol and Poin- 
car6 methods of approximation are also included. The 
first chapter introduces some of the main ideas by means 
of linear oscillations, but the rest of the book is devoted 
to the nonlinear theory. There are many examples taken 
from electrical and mechanical systems. 

The authors hero, and even more in the original, seem 
to be interested primarily in obtaining geometrical con¬ 
figurations, secondarily in the stability of electric circuits 
and mechanical systems, and comparatively little in ac¬ 
curate quantitative estimates for periods and amplitudes. 
We must be grateful to the editor for condensing the 
mathematical machinery, which goes much beyond pos¬ 
sible applications. So far as I can see, from a very brief 
glance at the original, considerable sections have been 
rewritten, and the notation has boon clarified in many 
places. The supplement with the oscillographs shown in 
MinorBky has been omitted, the introduction has been 
drastically cut and also the list of references, although it 
contains some new ones. Appendices B and 0 contain 
material from other sources, but the proof in B does not 
cover such a long time interval as the one it replaces. 

Maby L. Cabtweight 
Girton College, Cambridge , England 

Venint dt Msrptnts et antivenins. (Collection de 1 'Institut 

Pasteur.) P. Bocquet. Paris: Flammorion, 3948. 

157 pp. 

This book offers the reviewer a fine opportunity to 
make philosophical observations about biological phe¬ 
nomena, and biological obaervations about philosophical 
phenomena. Beading the first chapter, which briefly re¬ 
views facts that ore common knowledge, one wonderB how 
the snake came to bo both dreaded and worshiped. It 
had fundamental significance in mythology and religion, 
it has been linked with death and immortality, and it was 
made the symbol of the eternal striving of mankind to 
explain itself. On the other hand, one wonders about 
what sort of vagaries and intricacies in the evolutionary 
process joined in the salivary secretions of snakes sub¬ 
stances endowed with such powerful physiological and 
pathological effects—effects studied by specialists in 
fields ranging from neurophysiology to acute, invasive 
infection. 

The obvious truth that a thorough analysis of any 
biological phenomenon must of necessity take a student 
from his own specialised field into broader and more 
fundamental spheres seems to find its clearest example 
in snake venoms, which are a challenge to limitation, and 
an invitation to universality in biological thought. This 
is, no doubt, the reason why such illustrious names as 
Claude Bernard, Delezemne, Weir Mitchell, Calmette, and 
Arthus are associated with the history of research on 
snake venoms, and this is why in our days venoms are 
assiduously studied by penetrating minds. It looks, in; 
deed, as If the amusing properties of snake venoms had 
the same fascinating effect on the mind of the modern 
biologist as they had on the mind of the primitive man* 
There was an urgent need for a book such a# the one 


written by P. Bocquet, because those published in the 
past by Calmette and Pbysalix in France, Noguchi in the 
United States, Belfanti and Fracassini in Italy, Pleado 
in Costa Bica, and still others, valuable as they are, are 
now dated. The book, which can be read in a few hours, 
is divided into 14 chapters. The first chapter offers per¬ 
tinent historical data; the next four chapters deal with 
the ^oxic secretions in the animal scale, anatomy and 
function of the poison glands, and the natural and ex 
perimental poisoning. The sixth chapter, which is the 
longest, reviews first the effects of venoms on the nervous, 
muscular, and circulatory system, on jfche blood, and on 
cells and tissues. Then it analyzes the varied enzymatic 
content in the poisonous secretions, and finally it studies 
the action of different venoms on microorganisms, vegetal 
cells, and enzymes. The three following chapters con¬ 
sider the effects of physical and chemical agents on ven¬ 
oms, the chemical constitution of venoms, and variations 
in their toxicity, as depending on geographical and sea¬ 
sonal factors. The tenth chapter deals with the classi¬ 
fication of the venoms. The last four chapters are con¬ 
cerned with problems of natural and acquired immunity, 
and the preparation of antipoisonous sera; with treat¬ 
ment of snake bite; and finally, with the therapeutic 
applications of snake venoms. The many subjects Ap¬ 
proached are treated in an authoritative manner and with 
characteristic French clarity. The author discusses the 
effects of snake venoms on the nervous, circulatory, diges¬ 
tive or respiratory system with perfect mastery of the 
sciences of physiology and pharmacology, and his classi¬ 
fication of venoms in relation to other toxins, enzymes, 
and poisons shows an excellent knowledge of toxicology 
and bacteriology. Also, his analysis of the phenomena 
of natural and acquired immunity reveals a solid back¬ 
ground in immunology, as do the precise directions for 
the preparation of efficient antivenimous sera. 

To understand how the author, still a young man, could 
have accomplished his task as successfully as he did, one 
must remember that he has lived all his life in the atmos¬ 
phere of the Pasteur Institute of Paris. Paul Bocquet 
is the son of an illustrious Pasteurian, Alfred Bocquet, 
to whom the book is dedicated and who, in turn, was the 
closest collaboratory of A. Calmette, the head of the bril¬ 
liant School of Tuberculosis of the Pasteur Institute, and 
the discoverer, more than forty years ago, of the antio- 
phidoan serum-therapy. The author is himself the pres¬ 
ent head of this department at the Pasteur Institute. 
Bordet, still another brilliant member of Pasteur's school, 
reminds the reader of all these circumstances in the fore¬ 
word he has written for the book. 

* This book, therefore, besides being the expression of 
an individual effort, is an exponent of continuity of one 
of the most brilliant schools in biological thought of the 
last seventy years. Bocquet *» name is to be ranged with 
the names of so many other workers of the present Pas¬ 
teur Institute who indefatigably persevere along *. great 
tradition despite almost overwhelming financial odds and 
political events too recent to need recounting. 

F. BuEAJr-BxtHAbe 

¥ale University School of Medicine 
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NEWS 
and Notes 

C. Lovatt Evans will retire this 
summer from his position as Jodrell 
Professor of Physiology, University 
College, London, which he has hold 
since 1926. His publications include 
a sories of Uecent Advances in 
Physiology and a textbook on hu¬ 
man physiology. Since the death of 
E. H. Starling Dr. Evans has odited 
Starling's Principles of Physiology , 
now in its tenth edition. 

N. Ercoli, director of biological 
research at the Warner Institute for 
Therapeutic Research, New York 
City, will assume the direction of the 
Istituto Sieroterapico Milanese, Mi¬ 
lan, Italy, in September. 

E. S. Moore, head of the Depart¬ 
ment of Geological Sciences, Univer¬ 
sity of Toronto, retired June 30 with 
the title professor emeritus, afteT 
27 years on the staff. 

Donald Woemley, physicist with 
the American Optical Company, has 
joined the staff of the Roswell Park 
Memorial Institute, Buffalo, New 
York, where he will conduct research 
in cancer biophysics. 

Milton V. Veldee, chief of the 
Public Health Service’s laboratory 
of biologies control, will retire after 
nearly 30 years of service with the 
agency. Dr. Veldee will be succeeded 
by his assistant, William G. Work¬ 
man, who has been with the Na¬ 
tional Institutes of Health for the 
past 18 years. 

G. M. Watkins, mycologist at the 
U. 8. Naval Ordnance Laboratory, 
has been appointed professor of 
plant pathology in the Department 
of Plant Physiology and Pathology 
at Texas Agricultural and Mechani¬ 
cal College. 

J. Bldred Hedrick, senior technol¬ 
ogist of the Shell Chemical Corpora¬ 
tion, has been appointed a professor 
of chemical engineering at Cornell 
University, effective this month. 
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Ismael Veles, professor of bot¬ 
any at the Polytechnic Institute of 
Puerto Rico, will conduct research 
during 1949-50 on the herbaceous 
vegetation of the Caribbean Archi¬ 
pelago under a Guggenheim fellow¬ 
ship. During the year, Dr. V61oz 
will visit the herbaria of Washing¬ 
ton, D. C., New York, and Chicago. 


Grants and Awards 

The National Institutes of 
Health Division of Research 
Grants and Fellowships is being 
reorganized. A new section on ar¬ 
thritis and rheumatism has been es¬ 
tablished and another on morphology 
and genetics; the sections on anti¬ 
biotics, tuberculosis, and syphilis 
have been merged into a single sec¬ 
tion on experimental therapeutics; 
the panel on malaria has been 
abolished and its functions will be 
taken over by the tropical medicine 
section; the bacteriology section will 
now be known os the section on 
microbiology and immunology, and 
the sanitation study section as en¬ 
vironmental health. The study sec¬ 
tion on gerontology has been discon¬ 
tinued becauao so fow applications 
for grantB were received, and the 
radiobiology section is no longer ne¬ 
cessary since most radiobiology ap¬ 
plications now go to the Atomic 
Energy Commission. The sections, 
whoso members meet periodically to 
consider applications for research 
grants-in-aid, have been reduced in 
number from 20 to 17. August 1 is 
the deadline for applications to be 
considered at September-October 
meetings of the sections; December 1 
for January-February meetings, and 
April X for the May-June meetings. 

The American Academy of Arts 
and Sciences announces that income 
from its Permanent Science Fund 
will be disbursed as grants-in-aid in 
support of research projects, which 
may be in any Held of scienee. 

Requests for further information 
about conditions governing the 
grants should be addressed to Hud¬ 
son Hoagland, Chairman, Perma¬ 
nent Scienee Fund Committee, Wor¬ 
cester Foundation for Experimental 
Biology, 222 Maple Avenue, Shrews¬ 
bury, Massachusetts. Applications 
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will be considered on Maroh 1 and 
October 1 of each year. 

The Research Corporation has 

announced the recent distribution of 
grants-in-aid for scientific research 
amounting to $235,000 for the initia¬ 
tion and continuation of 64 research 
projects administered by colleges, 
universities, and scientific institu¬ 
tions in the U. 8. This brings the 
year's total of grants to $650,000, 
for a range of projects Including cos¬ 
mic ray research, construction of a 
mass spectrometer, studies of the 
structure if proteins, total synthesis 
of morphine, photochemical reactions, 
olectrodeposition of metals, and vari¬ 
ous studies of metal alloys. 

Colleges and Universities 

Purdue University's new De¬ 
partment of Biological Sciences, 

which replaces the former Depart¬ 
ment of Biology, includes three ma¬ 
jor divisions: bacteriology, botany, 
and zoology and animal husbandry. 
John S. Karling, formerly of Colum¬ 
bia University, is head of the de¬ 
partment and P. A. Tetrault, A. T. 
Guard, and C. J. Goodnight, respec¬ 
tively, are chairmen of the divisions. 
M. X. Zarrow, of Harvard Univer¬ 
sity, and Dorothy M. Powelson, of 
the University of Maine, have been 
appointed professors of endocrinol¬ 
ogy and bacteriology, respectively, 
effective July 1st. A fourth division 
of biophysics is being organized 
jointly with the Department of Phys¬ 
ics and will be under the direction 
of Lorin J. Mullins of Johns Hopkins 
University, who has been appointed 
professor of biophysics. 

The Institute of Science and 
Technology of the University of 
Arkanaas will conduct research on 
a contract basis for the Atomic 
Energy Commission on the chemical 
effects of nuclear transformations. 
The contract consideration for the 
first year is $25,000. Under the 
contract, an effort will be mad© to 
utilise hot atom exchange reactions 
in the preparation of tracer com¬ 
pounds, particularly those useful in 
medical and biological research. The 
project will also include a Study of 
the chemical effects of beta decay 
processes. Raymond R. Edwards, 
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associate chemist in charge of un¬ 
clear studies in the institute, will 
head the project and will be assisted 
by Paul L. Day and John R. Totter 
of the School of Medicine's Depart¬ 
ment of Biochemistry. 

Smith College announces receipt 
of a grant from the National Can¬ 
cer Institute of the U. S. Public 
Health Service in support of the 
studies being carried on by the Smith 
College Genetics Experiment Sta¬ 
tion on ovular tumors, which prevent 
wide species crosses. The Genetics 
Experiment Station, established in 
1942, lias given M.A. degrees to 
seven graduate students and Ph.D. 
degrees to three. Through grunts 
from other foundations it has been 
carrying on research and graduate in¬ 
struction in plant cytogenetics, 
methods of embryo culture, and other 
controls of evolution and life proces¬ 
ses in plants, with special reference 
to horticultural practice. The sci¬ 
entific staff consists of Albert F. 
Blakeslce, director, Sophie Satin, 
assistant director, Amos G. Avery, 
associate geneticist, and Jacob Rap- 
paport, plant physiologist. 

Young women with a bachelor de¬ 
gree who desire to work in the Gen¬ 
etics Experiment Station toward an 
advanced degree should apply to the 
Director, Smith College, Northamp¬ 
ton, Massachusetts. For tho com¬ 
ing academic year there are available 
one full-time assistantship at $2,000 
and two part-time graduate assistant- 
ships at $1,000, plus tuition. Oppor¬ 
tunities are available for apprentice 
training in plant breeding with aca¬ 
demic credit during the summer. 

The California Institute of Tech¬ 
nology is planning construction of 
a new earthquake-resistant, concrete- 
reinforced engineering laboratory, at 
a total cost of approximately $625,- 
000 when equipped. All of the civil 
engineering section will be moved to 
the new building, which will also 
house laboratories for such projects 
as powder metallurgy, X-ray metal¬ 
lography, spectrographic analysis, 
metals preparations, and use of radio¬ 
active isotopes in the study of ma¬ 
terials* There will be a thermo¬ 
dynamics laboratory, one for strength 
and materials research, another for 
earthquake studies and for Vibration 
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investigations, and space for offices 
and classrooms. 

Meetings and Elections 

Science Abstracting. Over 1,850,- 
000 scientific articles are published 
each year throughout the world. 
Only one-third of them are abstracted 
and thus made available in con¬ 
venient form for a wide audience of 
scientists. These arc abstracted, on 
the average, three times; the rest 
are not abstracted at all. The In¬ 
ternational Conference On Science 
Abstracting was convened by the De¬ 
partment of Natural Sciences of 
Unosco to examine this situation and 
consider what could be done to im¬ 
prove it. 

Under tho able chairmanship of 
Alexander King, of Great Britain, 
and with tho efficient organizational 
technique of J. B. Reid, Unesco’s 
Program Specialist for Scientific 
Literature, the conference met in 
Paris June 20-25. Thore were pres¬ 
ent 62 voting delegates from 28 coun¬ 
tries and 24 international scientific 
organizations, together with 85 ob¬ 
servers, making a total of 147 rep¬ 
resentatives from 29 countries. 

The resolutions adopted in the final 
plenary session of the conference 
include many items of considerable 
significance to the advance of sci¬ 
ence in coming years. As would bo 
expected, it was recommended that 
Unesco continue its efforts to pro¬ 
mote tho free interchange of scientific 
literature among the different coun¬ 
tries, inasmuch as the complete cover¬ 
age by abstracts of all new scientific 
information depends on that free¬ 
dom, To facilitate the use of foreign 
literature in each country, jt was 
recommended that adequate bilingual 
or polyglot dictionaries should be 
provided for all fields of science and 
technology, taking into account the 
national variations in usage and, if 
possible, making use of illustrations. 

The secretariat of TJnesco was 
urged to promote, in collaboration 
with the international scientific 
unions or other appropriate bodies, 
the standardization of scientific ter¬ 
minology and the publication at ap¬ 
propriate intervals of lists of new 
terms, with translations in various 
languages. Especially, in view of 
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the urgent need for detailed evalutipn 
of the various systems proposed for* 
chemical notation, the conference 
voted that the International Union 
of Chemistry and other organiza¬ 
tions concerned with that problem bo 
notified of tho importance attached 
to it by the conference. The mem¬ 
bers were thinking not only of tho 
primary use of symbols and words 
in recording data but also of their* 
applications to the indexing of ab¬ 
stracts. Throughout many a dis¬ 
cussion, one would recognize the 
general eagerness for more compre¬ 
hensive standardization of terminol¬ 
ogy and publication procedures. 

Several good suggestions were di¬ 
rected at the editors of scientific 
journals. It was agreed that each 
issue of such journals should include 
synopses of all its original articles. 
These should be in English or French, 
if not also in other languages, and 
tho editor should accept responsi¬ 
bility for their adequacy, whether or 
not prepared by the author. The 
Guide for the preparation of synop¬ 
ses, prepared by the Abstracting 
Services Consultative Committee and 
issued by the Royal Society, Burling¬ 
ton House, London, was suggested 
as a basis for a standard guide that 
should be prepared for the use of au¬ 
thors and editors. Further, it was 
recommended that if a paper is not 
the publication of an original work, 
editorial symbols should be used to 
indicate whether it is a review, a dis¬ 
cussion or criticism of previously 
published work, or a technological 
application of basis data. Most im¬ 
portant of all, there was a strong ex¬ 
pression of hope that synopses would 
be made freely available for ropub- 
licatlon by abstracting services in 
spite of copyright provisions of orig¬ 
inal journals. 

Attention was directed toward the 
desirability of the establishment of 
regional bibliographical centers with 
facilities that would be used in lo¬ 
cating periodicals, books, theses and 
laboratory reports obtainable within 
the region. The hope was also ex¬ 
pressed that such centers be equipped 
for the production and distribution of 
photocopies, either full scale or mi- 
crofibn. Scientists and scientifie pub¬ 
lishing bodies axay find it desirable to 
set up/in cooperation Witti uathmalor 
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regional committees, subject com¬ 
mittees ou an international level to 
coordinate abstracting in such major 
bolds of pure and applied science as 
physics, chemistry, mathematics, en¬ 
gineering, and agriculture. Uuesco 
was therefore asked to invite appro¬ 
priate international organizations, 
such as the several international sci¬ 
entific unions, to facilitate the for¬ 
mation of these subject committees 
and their liaison with each other. 

In keeping with the well-known 
objectives of Unesco, the conference 
consistently aimed toward coordina¬ 
tion and cooperation between the 
numerous bodies now concerned with 
science abstracting, and the exten¬ 
sion of their activities within the 
broad domain of science and tech¬ 
nology. But most significantly, its 
findings and recommendations were 
also directed toward a much more 
complete geographical coverage in 
order that the results of research 
and development might be far more 
widely distributed and shared than at 
present. There seems little doubt 
but that the holding of this confer¬ 
ence marks a long step forward 
toward that objective. 

Kirtley F. Mather 

The Central States Section of 
the Botanical Society of America, 
which Is holding its summer meeting 
jointly with the Northeastern Sec¬ 
tion in Ann Arbor, Michigan, has 
scheduled an important business 
meeting in Rackham Amphitheatre, 
University of Michigan, at 2:00 p.m., 
August 20th. This is the first meet¬ 
ing of the newly organized Central 
States Section and all members are 
urged to attend. 

The American Institute of Elec¬ 
trical Engineers will hold its Paci¬ 
fic General Meeting in San Francisco 
August 23-26, with headquarters at 
the Fairmont Hotol. The meeting 
will be opened at 10:00 a.in., August 
23 by George C. Tenney, chairman, 
followed by a general session with 
W, C. Mullendore as speaker. Re¬ 
prints of technical papers may be 
obtained by writing to the AIEE 
Order Department, 33 West 39th 
Street, New York City 18. The uni¬ 
form price per paper is 30 cents to 
member* and 60 Cents to nonmembers. 
Advance registration may be made 


through R, O. Brosemor, Chairman, 
Hotel Committee, 447 Sutter Street) 
San Francisco 8, California. 

The American Chemical Society 

will hold its 116th national meeting 
in Atlantic City, New Jersey, Sep¬ 
tember 18-23, Ten thousand chem¬ 
ists and chemical engineers are ex¬ 
pected to take part. Titanium, the 
fiame-proofing of textiles, the de¬ 
velopment of new and safer insecti¬ 
cides, and recent discoveries con¬ 
cerning the nutritional value of vita¬ 
min B-.12 are among the subjects to 
be discussed. E. J. Cohn, of Harvard 
University, will preside at a biologi- 
cal division meeting on protein in¬ 
teractions. J. G. Reinhold, of the 
Philadelphia General Hospital, will 
be chairman of a symposium on clini¬ 
cal biochemistry. The Cellulose Di¬ 
vision will cooperate with the Na¬ 
tional Research Council in a 
symposium on the degradation of 
cellulose, dealing with research which 
has produced a bandage for inter¬ 
nal use which can be absorbed by the 
body. 

Security clearance of scientists for 
secret work on atomic energy will 
receive special consideration. A 
symposium on security clearance will 
be held under the auspices of the 
society’s Division of Industrial and 
Engineering Chemistry, with Wayne 
W. Hilty, head of the Committee on 
Professional Relations and Status, as 
chairman. Spokesmen for the 
Atomic Energy Commission, the Na¬ 
tional Military Establishment, pri¬ 
vate industry, and individual sci¬ 
entists who have had personal ex¬ 
perience with existing security regu¬ 
lations will participate. 

A colloquium on the mechanism 
of carbon combustion will be held 
in Nancy, Franco, September 27-30, 
under the sponsorship of Centre Na¬ 
tional de la Recherche Scientifique. 
Lother Meyer, of the University of 
Chicago’s Institute of Metals, has 
been invited to participate. There 
will be eight participants from Eng¬ 
land, one from Belgium, and three 
from France. 

A Southeast Asia and Pacific 
phytoaanitary convention was 
agreed upon at an international con¬ 
ference held April 26-28 in Singa¬ 


pore, on invitation of the British 
Commissioner General. Some 13 na¬ 
tions or territories of the region were 
represented, as well as the Food and 
Agriculture Organization and the 
South Pacific Commission. 

The agreement, which will now be 
submitted for ratification by all 
governments of the region, proposes 
uniform plant quarantine laws and 
regulations for controlling traffic in 
living plants and plant products to 
prevent introduction and spread of 
new insect pests and dangerous plant 
diseases. Increasing air travel and 
commerce have accentuated the dan¬ 
ger of introduction of South Ameri¬ 
can leaf blight of rubber and dis¬ 
eases and posts of other crops into 
Southeast Asia, as well as the intro¬ 
duction of the swollen shoot virus 
of cacao and related plants from 
Africa. The agreement is patterned 
after a similar one, formulated in 
1048 in London, to include all of 
Africa south of the Sahara. 

At the 47th annual meeting of the 
American Neurological Association 
held in Atlantic City, the following 
officers v^ere elected for the year 
1949-50: president, Henry W. Wolt- 
man; first vice president, Johannes 
M. Nielsen; second vice president, E. 
Jefferson Browder; secretary-treas¬ 
urer, H. Houston Merritt; and as¬ 
sistant secretary, Charles Rupp. 

The Michigan Academy of Sci¬ 
ence, Arts and Letters ut its 53rd 
annual convention elected the follow¬ 
ing officers for the ensuing year: 
president, Paul S. Welch, University 
of Michigan; vice president, E. C. 
Beck, Central Michigan College of 
Education; secretary, Frederick H, 
Test, University of Michigan; treas¬ 
urer, James L. Wilson, University of 
Michigan; and editor, Frederick K. 
Sparrow, University of Michigan. 

On recommendaton of the society ’a 
Committee for Promotion of Re¬ 
search, the research grant from the 
AAA8 was divided among the follow¬ 
ing persons: A, M, Chickerlng, Al¬ 
bion College, for a continuation of 
his studies of Panamanian spiders; 
Dale J. Hagenah, Detroit, to aid in 
preparation of a bibliography of 
Michigan botany; William Hovanitz, 
Wayne University, to aid the analy¬ 
sis of populations in Colias butter- 
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flies; Volney H. Jones, University of 
Michigan, for help in held investiga¬ 
tion* among the Huasteca Indians of 
Mexico. 

The 68th Congress of the Asso¬ 
ciation Francaise pour I*Advance¬ 
ment des Sciences was held at Cler¬ 
mont-Ferrand, Auvergne, France, 
July 15-21. The inaugural exercises 
were held in the Municipal Theatre 
at 30 a.m. Friday July 35 with the 
mayor of Clermont welcoming the 
members and guests. At 2:30 the 
same day the presidents and secre¬ 
taries of the 2fi sections of the asso¬ 
ciation announced the titlos of the 
papers which had been submitted for 
inclusion in the programs of the 
separate groups and the sequence of 
presentation. The section meetings 
were arranged to avoid conflicts with 
general papers presented before the 
congress as a whole. The unusual 
geological formation of the local 
area quite naturally affordod an op¬ 
portunity for a very strong program 
in this discipline. In addition, there 
were a number of excursions and 
field trips of spocial interest. The 
total registration was over 350. 
Malcolm H. Soule, University of 
Michigan bacteriologist, who was the 
delegate of the AAAS, was given a 
medal at the closing session on 
Thursday, July 21. The 69th con¬ 
gress of tli© association will be held 
in Toulouse in late September, 1950. 

Deaths 

Aristide Fanti, 81, scientific li¬ 
brarian of the National Bureau of 
Standards from 1910 to 1938, died 
April 5 in Cheveriy, Maryland, after 
a brief illness. Dr. Fanti contrib* 
uted largely to the development of 
an international auxiliary language 
known as Interlingua. 

O. F. Cook, 81, retired botanist of 
the U. S. Department of Agriculture, 
died April 23 at his home at Denham, 
Maryland. Dr. Cook developed the 
single-stalk method of cotton culture 
which is used universally in the U. 6. 
cotton belt. 

Otis Freeman Curtis, 61, profes¬ 
sor of botany at Cornell University 
and a member of Urn Cornell faculty 
since lfilfi, died July 4 while vaea- 
tloning at Chatham, Massachusetts. 
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Dr. Curtis was at one time president 
of the American Society of Plant 
Physiologists and was author of sev¬ 
eral plant physiology textbook*. 

William Gerry Morgan, 81, pro¬ 
fessor of diseases of the digestive 
tract at Georgetown University since 
1904 and its school of medicine from 
1931 to 1935, died July 7 of a heart 
attack in Washington, D. C. Dr. 
Morgan was a former president of 
the American Medical Association 
and a master of the American Col¬ 
lege of Physicians. 

Edward B. Stephenson, 67, super¬ 
intendent of the Mechanics Division 
of the Naval Research Laboratory, 
died of a heart attack May 6 in San 
Francisco. Dr. 8tephenson received 
a Navy award in 1931 for develop¬ 
ing the use of American quartz crys¬ 
tals in underwater sound-detecting 
devices. 


Cosmic ray activity at 20-mile 
altitudes will be studied next month 
by an expedition sponsored by the 
National Geographic Society, Wash¬ 
ington, D. C., and the Bartol Bo- 
search Foundation of the Franklin 
Institute, Swarthmore, Pennsylvania. 
The study will be made at the 
Canadian outpost settlement of 
Churchill on the shore of Hudson 
Bay. The program is a continu¬ 
ation of cosmic ray research insti¬ 
tuted by the two sponsors and sup¬ 
ported by the Air Force and Office 
of Naval Besearch. Canada J s Na¬ 
tional Defense Board is cooperating 
in the undertaking. Martin A. Pom- 
erantz, of the Bartol Foundation, 
will head the expedition, which leaves 
August 1. He hopes to develop evi¬ 
dence as to whether the sun is sur¬ 
rounded by a constant magnetic 
field similar to that of the earth. 

Processing of quartz crystals to 
eliminate deterioration by age has 
been developed by the Army Signal 
Corps and is expected to benefit all 
types of communication, especially 
radio broadcasting, television, radar, 
Doran, and guided missile control. 
Blank crystals are placed on a con¬ 
veyor belt and drawn through an 
electrically heated oven for two or 
three hours/ reaching a temperature 
of 900* F, ahd then subjected to 
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controlled cooling for 24 hours. The 
new process is credited to Arthur C. 
Pritchard, Maurice A. A. Druesne, 
and David G. McCaa, of the Fre¬ 
quency Control Branch of the Signal 
Corps Engineering Laboratories at 
Fort Monmouth, New Jersey. 

The Philadelphia General Hos¬ 
pital announces the establishment of 
a nutrition clinic which, with its-., 
research laboratory, will study vari¬ 
ous nutritional problems among the 
patients in the hospital and Phila¬ 
delphia school children. The lab¬ 
oratory is supported by grants-in-aid 
from Swift and Company and the 
National Live Stock and Meat Board 
for studies on the relation of diet 
to immunity, with particular refer¬ 
ence to the effect of meat supple¬ 
mentation to antibody formation. 
Michael G. Wohl, associate professor 
of medicine, Temple University 
School of Medicine, will be chief of 
this clinic and Katherine Langwell, 
professor of nutrition at Drexel In¬ 
stitute, will act as nutritionist. 

Unified Screw T/uwad Standards, 
Circular 479, recently published by 
the National Bureau of Standards, is 
now available from the Superinten¬ 
dent of Documents, U. S. Govern¬ 
ment Printing Office, Washington 25, 
D.C., at 80 cents a copy. The book¬ 
let contains the proceedings of the 
meeting which resulted in the uni¬ 
fication of American, British, and 
Canadian standard systems of screw 
threads, (see Science , April 1, 1949, 
p. 340), and includes detailed illus¬ 
trations, tables, and numerical data. 
Remittances from foreign countries 
must be in U. S. exchange and must 
include one-third the publication 
price to cover mailing costs. 

Make Plans fot— 

American Mathematical Society, 
Auguet IMHSeptember 8,00th summer 
meeting in conjunction with cum¬ 
mer meetings of Econometric So¬ 
ciety, Institute of Mathematical 
Statistics, and Mathematical Aaao- 
ciatioa of America, Vtthreraity of 
Colorado, Boulder. „ 

American Inadtate of Chmnfeal 
Xaghiearib regional meeting, IBep- 
temb#ri^MoBtml,Oanaa*. 
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Scientists, Scientific Societies, and the Armed Forces 

Herman S. Wigodsky 

Silver Spring, Maryland 


T HE KECENT PUBLICATION by the Depart- 
ment of the Army of the booklet Scientists in 
uniform, World War 11 wo a followed by u 
small flurry of editorial comment. Although the 
booklet was published by the Army, it is based on 
data obtained from scientists who had served in all 
branches of the armed forces. This renewed interest 
in the problem of the scientist’s place in the National 
Military Establishment apparently was short-lived 
and resulted in no really significant action either on 
the part of the military or on the part of science. 
It is difficult to understand the apparent disregard 
of this critical summary of the experiences of a great 
number of scientists, which offered many lessons. 
These experiences should inspire an intensive effort 
to correct what are apparently self-admitted defi¬ 
ciencies. By thiH time, however, it is evident that 
the effort will not arise spontaneously within the 
armed services. If it is to be made, the effort will 
have to come from those scientists who provided the 
material on which the booklet was baaed, acting to¬ 
gether with their fellow scientists, both as individuals 
and through their collective media—the scientific 
societies. 

Is this problem important euough to warrant some 
concerted action on the part of scientists? The evi¬ 
dence indicates that such action is not only desirable 
but actually fundamental to successful national de¬ 
fense. Even the layman saw how dependent the 
armed seivices were upon scientific advances during 
the war. Now that the war is over new weapons are 
still essential to successful national defense, and only 
scientific research can produce them. Many more 
facts point up the importance of good relations be¬ 
tween science and the military. We have a large 
military establishment, which is continuing its war- 
born policy of supporting research. This country is 
assuming increased international responsibilities. In 
the event of another war an attack on the continental 
areas of the United States is almost certain. These 
are all reasons for establishing an efficient scientific 
organisation within the services. 

One might well inquire next whether science would 
be justified in attempting to establish within the armed 
services tlmse conditions that are so well recognised 
as being essential .to; fruitful research. In this con¬ 


nection, the scientist should bear in mind that he has 
a dual responsibility, the first being his responsibility 
as a citizen of the United States, and the second his 
acknowledged in dispensability in the development and 
application of new weapons, techniques, and opera¬ 
tional methods. In answer to this inquiry, it cannot 
be overemphasized that the armed forces are the 
stewards of the people in regard to military affairs. 
The services are under civilian control, as has been 
well demonstrated. It therefore becomes a duty of 
every citizen, and particularly of every scientist, not 
only to support the armed services but also to scruti¬ 
nize their actions, criticize where necessary, present 
constructive suggestions us needed, and finally to 
determine whether these suggestions have fbeen 
adopted. What section of the citizenry is better 
qualified to carry out these duties, where scientific 
policies are involved, than the scientific segment? 

Once the importance of the problem of science in 
the armed services is established, and Urn duty of 
the scientist in regard to the problem, two more ques¬ 
tions present themselves. First, are the military 
services dealing adequately with this problem? Sec¬ 
ond, is organized science taking sufficient interest in 
the actions of the military services? 

In answering the first question, one must remember 
that, in peacetime, the primary mission of the armed 
services is to prepare for the defense of the nation 
in the event of war. As has been stated, these prepa¬ 
rations must depend upon scientific research to de¬ 
velop and to assist in the application of new weapons, 
techniques, and operational methods. In order to co¬ 
ordinate the scientific efforts of the National Military 
Establishment, Congress established the Research and 
Development Board. The Board’s functions are lim¬ 
ited to surveying fields of interest to the military 
for pertinent scientific discoveries, and to coordinating 
research so as to minimize duplication. Unfortu¬ 
nately, the board’s authority does not extend to such 
major responsibilities as selection of scientists, opera¬ 
tion of laboratories, establishment of operating poli¬ 
cies, planning careers in science, or publication of 
research. It is difficult to see how the Research and 
Development Board can ever be completely successful 
until these duties are assigned to some section of the 
Military Establishment and are put on an equal basis 
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with the ones now performed by the RDB. Clearly, 
there ie not now in the Military Establishment any 
central group discharging these responsibilities. 

Although the necessity for establishing such au¬ 
thority wa& pointed out on numerous occasions before 
the end of the war, no action was taken. There was 
widespread dissatisfaction with the place of the sci¬ 
entist in the military at that time, as reflected in the 
the booklet, Scientists in uniform, World War IL 
Testimony to the strength of this dissatisfaction is 
presented by the precipitous decrease in the number 
of scientists in the services after V-J Day, in spite 
of well-equipped laboratories and good salaries. Ap¬ 
parently little has been done to remedy conditions 
responsible for this dissatisfaction and certainly sci¬ 
entists outside the services have done nothing toward 
solving the problem. 

A few quotations from Scientists in uniform , 
World War 11 will illustrate the type of problem 
under discussion and the failure of the armed services 
to correct the apparent defects: Page 61: “More than 
one-half of the respondents emphasized the need for 
better methods of assignment or supervision of tech¬ 
nical personnel in uniform. The emphasis varied 
from 80 percent of the respondents in the field of 
biology to 35 percent in the fields of geology and 
psychology." The number of respondents are: biol¬ 
ogy 2,830 \ geology 605; psychology 1,168. The per¬ 
cent reporting utilization in primary field and at 
proper level of competence for at least half or more 
of the time in military service are respectively 34, 27, 
and 72 percent. Page 13: A chart presents the in¬ 
formation that 63.2 percent of the respondents sug¬ 
gested better assignment, or supervision. Page 16: 
“Scientists trained in technical fields whose uses were 
not thoroughly understood by personnel of the Armed 
Services tended to be poorly utilized, the opposite was 
generally true for scientists representing technologies 
with which the services were familiar. . . . Failure 
to understand the application of many technical fields 
to military functions led to a lower efficiency of tech¬ 
nical military activities and an inability of scientists to 
carry projects through to active military application." 

These several quotations all refer to assignment and 
supervision of scientists, and without doubt, these are 
key factors in the successful utilization of scientists 
in the services. With the exception of certain of the 
civilians on the Research and Development Board, 
however, none of the top rank positions within the 
thm hnned services is held by an outstanding sci* 
entist. On the contrary, many are held by military 
men who are poorly trained in science, some of them 
Ivith no training in science at alt. This same condi¬ 
tion extends downward to the level of laboratories 


and other working facilities, borne of them are sym¬ 
pathetic with the scientists’ problems, but the point 
is that they are not scientifically competent. There 
arc of course exceptions—a few conscientious, compe¬ 
tent scientists in various echelons who are doing an 
excellent job, in spite of difficulties, and who deserve 
praise und encouragement. 

From this and other evidence, such as the failure 
to establish a section to deal with scientists in the 
newly appointed Secretary of National Defense’s Per¬ 
sonnel Board,-one is led to believe that the National 
Military Establishment is not dealing adequately with 
the problem of science and the scientist in the aimed 
services. One even suspects that scientific possibilities 
are not fully pursued and that the best efforts of the 
Research and Development Board must be nullified 
within the services themselves. 

Turning to the second question—whether organized 
science is taking sufficient interest in the actions of 
the armed services—one must conclude that it is not. 
Several branches of organized science have appointed 
advisory committees to the Department of the Army 
in recent months, but only at the invitation of the 
Department, and no such committees have yet waited 
upon the Secretary of National Defense. 

As in prewar years, it has become unfashionable 
to discuss such matters at scientific meetings. Post¬ 
war problems have completely overshadowed them, al¬ 
though they had immediate and personal importance 
to many scientists who served in the armed services. 
It is difficult to understand why organized science 
has not maintained greater interest in problems so 
important to national defense. Unless the situation 
is corrected in peacetime, scientists will be faced with 
the same problems in the next war. 

Not only is there apparently great reluctance on the 
part of organized science to attempt to correct the 
military situation, but also there is increasing reluc¬ 
tance to accept from the armed services any research 
contracts that have a security classification. Recently, 
the president of a.leading university stated definitely 
that his university would not accept such contracts 
in the future. This attitude has found many ad* 
herents and will find many more. I will neither at¬ 
tack nor defend this position, although it is my opinion 
* that research on classified projects in academic insti¬ 
tutions is incompatible with academic and scientific 
ethics. The fact remains, however, that this attitude 
by academicians, scientists included, only increases 
their responsibility to see that the armed services are 
provided with the personnel and facilities necessary to 
carry out research themselves. 

Realizing the failure or inability of the military 
services to solvc the problem properly, and the fedtere 
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of organized science to insist on a proper solution, 
one cannot help but be concerned about the situation. 
There is ample evidence at hand that the services will 
not take the necessary action of their own volition. 
This leaves but one course of action—organized sci¬ 
ence must reawaken its interest in the military prob¬ 
lem, The medical profession, having failed to take 
similar action in the face of a parallel and long-stand¬ 
ing problem, are now faced with a draft. Will a 
similar crisis be required to stimulate scientists? 

In answer to the question, “What can be done?” 
1 make the following suggestions: 

1. Committees can be organized within scientific 
societies to make n thorough investigation of the role 
of the scientist and science in the armed forces, 

2. The services of these committees can be offered 
to the Secretary of National Defense to investigate 
the problem and to make necessary recommendations. 

3. Standing committees can be established to pro¬ 


vide periodic resurveys and to assist in (or to insist 
upon) the correction of obvious defects. 

4. A mechanism can be established whereby scien¬ 
tific societies and academic institutions may assist the 
armed forces in obtaining necessary scientific per¬ 
sonnel of sufficiently high caliber to meet the needs. 

5. A plan for determining the supply of scientific 
man power in the United States and for using it 
in time of national emergency can be developed and 
presented to the President of the United States. 

These suggestions are only a few of the many that 
could be made. Unless scientists take action on these 
or other suggestions which will aid in resolving this 
important problem, they will have failed to discharge 
u public duty and to exercise an important right of 
citizenship. The costs of such failure will be made 
clear in the event of n national emergency—a time for 
implementation of plans, not their preparation, and 
for use of weapons, not their development. 


Infrared Spectra of Tissues 

Elkan R*Blout and Robert C. Mellors 1,2 
Polaroid Corporation, Cambridge , Massachusetts, and 
Sloan-Kettering Institute for Cancer Research, New York City 


T HE INFRARED SPECTRA of many sub¬ 
stances such as proteins {1, 5, 8), amino acids 
( 7 , tf), and nucleic acids ( 2 , 3) extractable 
from tissue have been determined. The purpose of 
the present investigation is to examine the infrared 
transmission of whole tissue sections of various types 
with a view toward comparing the data. 'In this paper 
we are reporting some measurements of the infrared 
apecira of tissue sections and blood smears. 

The technique used for determination of the spectra 
consists of mounting the tissue sections (4 to 50 p 
thick) directly on thin (0.060-in.) disks of silver 
chloride without the use of cover slips. If paraffin 
sections are used, the paraffin is removed by immer¬ 
sion in xylene and washing two or three times in 
absolute alcohol A drop of oil is then placed on 
the section and spread as evenly as possible over it 
before measuring the spectrum. The use of such a 
liquid is desirable in order to reduce scattering by the 

4 TbiM work was done In part under a fellowship grant to 
one ot ins (R. C M.) of the American Cancer Society. 

9 We are indebted to Mine A, P. Sutton tor technical assist, 
aaoe, to Dr, K. 0, Stern of Brooklyn Polytechnic Institute 
for the hhittme sample, and to Dr. M. Pocket of Children's 
Moftpltfti fur the leukemic blood ameer. 


tissue, especially ut wavelengths shorter than about 
5 p. A high molecular weight liquid fluorocarbon* 
has been found useful for wavelengths between 1 and 
7.3 p, since thin layers of it are completely transpajrent 
in this region. For the portion of the spectrum be¬ 
tween 7.3 and 15 p a hydrocarbon (mineral) oil is 
satisfactory in spite of its slight absorption at 13.6 p. 
In all measurements a comparison silver chloride disk 
coated with approximately the same thickness of oil is 
used. The tissue section adheres strongly to the silver 
chloride through these manipulations, and is then 
ready for measurement in the spectrometer. We use 
a Perkin-Elwer instrument (model 12A) and place 
the sample close to the slit. Because the sample is not 
placed directly at the slit, it is desirable that the tissue 
area selected for measurement) be approximately 17 by 
5 mm (slightly larger than the slit size). 

In all the spectra shown in Figs. 1-5 there are 
several strong absorption bands which may be corre¬ 
lated with those of known chemical groupings, via., 
3.04 p (3290 enr 1 ), Nt-H stretching; 3.4u (2940ear*), 

* Pecflu 0 ro lube flll (E. I. tiu Pent de Nemours 4 Co,), bp 
mh-rn*' C /10 mm, n D » l.JMW. The relatively IdW M&sb- 
tire Indet Is a vantage. . v 
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Finis, 1-7, Infrared spectra of tlsKiicB, 1—Carcinoma of 
bladder, 18-p, section, formalin-fixed paraffin-Imbedded. Curve 
A, section with the paraffin removed; curve B, section ob¬ 
tained with the addition of a drop or two of the proper oil. 
The reduction In scattered llsht with consequent better defi¬ 
nition of the absorption bands, especially at short wave- 
lengths, is apparent. 2 —Human mammary carcinoma, 
formalin-fixed. Curve A, 10-p section ; curve B, 50-n sec¬ 
tion, 3—-Curve A, human mammary fibroadenoma, formalln- 
tlxed, 20-p section ; curve B, normal human breast, formalin- 
fixed, 20-u section. 4 —Human mammary carcinoma, fresh 
frozen, dehydrated tissue. Curve A, 20-p section ; curve B, 
CIO-p section. 5—Human peripheral blood smears, air-dried. 
Curve A. normal; curve B, acute leukemia. 6—Histone, 
Continuous film on silver chloride. 7—IUbonuclease. Con¬ 
tinuous film on silver chloride, 

C-H stretching; 6.00 m- (1670 cor 1 ), C-0 stretching; 
0.52 p (1535 cm* 1 ), amide bending; and 6,88 n (1450 
enr 1 , C-H bending. The consistent appearance, ex¬ 
cept in the frozen, dehydrated sections, of a slight in¬ 
flection point at 3.26 p (3070 enr 1 ) indicates that it 
may be the N-H band recently pointed out by Suther- 
land (i) in certain polypeptides. In addition a band 
at 8.06 g (1241 cm- 1 ) to which a definite assignment 
has not been made, is apparent in all the spectra. The 
presence of these bands suggests that the main ab¬ 


sorbing constituent is protein in nature; and com¬ 
parison of the spectra of the tissue sections with that 
of a histone film (Pig. 6) and a film of ribonucleaae 
(Fig. 7) shows correspondence of the strong bands. 
The infrared spectra of other proteins from animal 
and fish sources show similarity in the bands at wave¬ 
lengths shorter than 6.0 g, but divergence at longer 
wavelengths. 

In general it is at wavelengths longer than 7 m- that 
differences due to composition, and to different pro¬ 
portions or arrangements of component groups, should 
appear. For example, the band at 9.26-9.35 m- seen 
in all the fixed tissue sections does not appear in the 
blood smears, whereas two bands apparent in the 
blood spectra at 8.55 and 9.05-9.15 m- are absent from 
the tissue curves. Whether the shift of the 9.05-p 
band in the normal blood smear to 9.15 ii in the 
leukemic blood smear is significant is not known at 
present. Another point that is worthy of note in the 
spectra is the increased intensity of the 9.3-n band 
in the cancerous mammary tissue in Fig. 2 (out of 
proportion to thickness) as compared with the normal 
breast tissue (Fig. 3). This band lies at the same 
position as one of the strong ones in the nucleic acid 
spectra (5), and it is probable that this increase in 
absorption is due to an increased amount of nucleic 
acids in the rapidly proliferating and more cellular 
carcinoma. Of particular interest is a comparison 
of the infrared spectra of fixed (lipid-extracted) tissue 
with fresh frozen, dehydrated tissue. This comparison 
is perhaps best made between curves 2B and 4B, which 
are spectra of 50-n sections of human breast carci¬ 
noma. Several absorption bands which appear in the 
frozen section at 9.00 n (1111 cm’ 1 ), 10.86 |i (922 
enr 1 ), and a doublet at 11.00-11.75^ (802-851 cm" 1 ) 
do not seem to have counterparts in the fixed tissue 
spectra. Also the strong band at 9.55 n (1047 cm" 1 ) 
in curve 4B appears to be shifted toward longer wave¬ 
lengths, if indeed it is the same band (9.20-9.35 a) 
seen in the fixed tissue sections. 

It is hoped that with the increasing availability of 
reflecting microscope lenses of the Burch (4) and 
Grey (5) types, the infrared study of tissues can be 
extended to cells and portions of cells. Whether in¬ 
frared techniques will allow an exact differentiation 

and identification of tissues must await further work. 
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The Effect of Vitamin B,, Concentrate 
on the Growth of Weanling Pigs 
Fed Corn-Soybean Diets 1 

R. W. Liuclu, W. N. McMillan, F. Thorp, Jr., 
and Joanna R. Bonisce 

Departments o/ Agricultural Chemistry, 

Animal Husbandry and Animal Pathology, 

Michigan State Collage, East Lansing 

In experiments with chicks, Ott, Riches, and'Wood (£) 
have shown that crystalline vitamin B 18 gave a growth 
response comparable to that obtained with crude sources 
of tho **animal protein factor.'* Johnson and Neumann 
(1) have obtained growth stimulation from a vitamin 
Bj.j concentrate fed to suckling pigs. 

The present experiment was undertaken to determine 
whether crude vitamin concentrate exhibited a growth* 
stimulating effect in weanling pigs fed a diet in which 
the protein source was entirely of plant origin. 



Fig. Effect of vitamin B u concentrate on growth rate. 

The pigs used in the experiment were farrowed by 
Chester White gilts which had never been fed any known 
source of the * 1 animal protein factor. M At the time of 
weaning, 115 pig* were selected and divided into two lots 
of six pigs hack The basal ration was the same as that 
fed to the gilts during their growth, gestation, and lac- 

> Published with the approval of the Director of the Michi¬ 
gan Agricultural Experiment Station as Journal Article No. 
1,018 fn. *,). Th* authors are indebted to Merck and Com* 
pany, Inc., JUhwajvNew Jersey for the supplies of B vita¬ 
mins used in the experiment. 


tation period and contained corn, 77%; soybean oil meal, 
20%; and a complex mineral mixture, 3%. This ration 
was supplemented with the following B vitamins ex¬ 
pressed in mg per lb of feed: thiamine, 6; riboflavin, 6; 


TABLE I 

Effect of Addition ox Vitamin B ai Concentrate 
to a Corn-Soybean Diet 




Lot 2 


Lot 1 

(Fed 


(Fed 

basal 


basal 

ration 

V 

ration) 

+ vitamin 



»„) 

Number of pig* . 

- ft 

ft 

Initial age In weekM . 

, . - . ft 

ft 

Number of weeks on trial. 

, . . . 7 

i 

Averuge initial weight (lb) 

, . . , 20 

27 

Average daily gain (ll»)* . 

.... 0.87 + .00 1.20+.08 

Average dally feed conm»m>tinn 

(lb) 2.57 

3.2t 

Lb of feed per lb of gain. 

- 2.94 

2.65 


* Llfferonee hi average dully gain between lot* 1 and 2 is 
statistically sign lflrant. 


calcium pantothenate, 20; niacin, 25; and pyridoxine, 2, 
Choline chloride was also added at a level of 0.1%. Vi¬ 
tamins A and D were added to the ration in amounts 
which supplied 2,000 I.U. of vitamin A and 200 I.TT. of 
vitamin D per lb of feed. This ration contained 16*5% 
crude protein by Kjeldnhl analysis. All of the pigs in 
the experiment were fed ad libitum. The pigs in lot 1 
were fed the basal ration and their growth response is 
shown in Fig. 1 and in Table 1. The pigs in lot 1 
gained an average of 0.87 lb per day and consumed 2.57 
lb of feed. It required 2.94 lb of feed to produce a 1-11> 
gain in body weight. 

The pigs in lot 2 were fed the same ration os those in 
lot 1, but in addition, this ration was supplemented with 
0.5% vitamin B, b concentrate, Tho vitamin concen¬ 
trate had been assayed in comparison with crystalline 
vitamin B,» and the preparation standardised to contain 
2 mg of vitamin B« activity per lb as measured by the 
chick-growth method. The growth cum for the pigs in 
this lot is shown in Fig. 1. It can he seen that as the 
experiment progressed, the differences in rate of gain be¬ 
tween pigs in lots l and 2 became significantly greater, 
and by the end of the seventh week pigs In lot 2 aver¬ 
aged 17 lb heavier than animals in lot 1. Table 1 shows 
that pigs in lot 2 gained an average of 1,20 lb of body 
weight and consumed an average of 3.21 lb of feed per 
day. The animals in lot 2 utilised their feed more eflb 
ciently since it only required 2.65 lb of feed to produce 
a Mb gain in body weight as compared with 2.94 lb of 
feed for pigs in lot 1. From a practical etandpoint the 
growth rate of pigs in lot 2 was excellent, especially 
since the protein content of the ration is considerably 
lower than one would recommend for pigs of that ago 













an d weight. It seems valid to conclude therefore, that 
the significantly greater gains made by pig# i® lot 2 were 
due to the addition of vitamin B« concentrate. How¬ 
ever, since this preparation undoubtedly contains im¬ 
purities, it cannot be stated definitely that the growth- 
promoting activity of the concentrate was due to vita¬ 
min Bji per ae, alhough the latter hypothesis seems likely. 
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A Technique for Chronic Remote 
Nerve Stimulation 1 


James M. Lstfcrty and John J. Farrell 2 

General Electric Research Laboratory , Schenectady, 

New York and Albany Medical College, Albany t New York 


Chronic remote nerve stimulation is the usual termino¬ 
logy applied to a technique whereby a nerve in an intact 
animal is stimulated for periods of weeks or months by 
an electrical current, the ultimate source of which is re¬ 
moved from and not connected to the andmal. By this 
method the effect of stimulation of a specific nerve in 
unanesthetized, intact animals can be assayed, thus 
eliminating disturbing emotional factors due to restraint. 
Chronic remote nerve stimulation permits close imitation 
of normal and certain aimormal physiological states. 

Various methods for attaining remote stimulation have 
been tried in the past Loueks {IB), and Chaffee and 
Light (£) reported techniques in which a secondary coil 
was buried beneath the integument, leads from this being 
connected to electrodes on given nerves. A primary coil 
positioned over or around the buried unit induced a cur¬ 
rent in the secondary coil. High currents are required 
in the primary circuit to induce adequate currents in 
the secondary. This proves cumbersome and inefficient. 
These disadvantages can be partially offset by restrain¬ 
ing the animal and closely approximating the two coils as 
Harris ($) is doing. However, since restraint of the 
animal must be employed, such techniques eliminate 
many of the desirable features of chronic remote ex¬ 
citation. Its great advantage over systems of chronic 
Stimulation by means of lead wires brought out through 
the skin, as utilised by Hess (ftf ), Cannon (I), Manning 
and Hall {1$), Cressman and Blalock (3), Kottke, 
Kubicek, and Visacher (II), is that there U no possibility 
of infection traveling down the leads. This method also 
restricts the wave form of the stimulating voltage de¬ 
veloped across the secondary coil. 


1 Aided by a'fellowship from the Daxiaa Foundation fo 
Medical Research. This investigation was supported in par 
by a research grant from the m vision of Research Grant 
SttAFeUowahips of The National Institutes of Health, C. fi 
Ityaic Health Service, 

Jn Physiology and Experimental Surgery, Alban; 


Newman, Fender, and Saunders (Id), and Greig and 
Ritchie (S) have reported success using radiofrequencies 
to provide an electromagnetic field for exciting the 
buried secondary coil. Fender utilized a frequency of 
430-kc while Greig and Ritchie employed a 100-kc fre¬ 
quency. Along with other technical difficulties, polariza¬ 
tion at the stimulating electrodes and broken lead wires 
due to intrn-animal motion were the major factors in 
preventing the attainment of chrouicity. Fender (4-7) 
did report one period of 5J months of successful splanch¬ 
nic stimulation but broken leads and polarization were 
always major handicaps in his experiments. 

For the past year we have had in operation a system 
of remote stimulation utilizing radiofrequency for trans¬ 
mission of the signal to the receiver. Detailed studies of 
polarization with various wave forms have been made. 
Buried units have been devised and subjected to nil the 
traumata possible in unanesthetized, unrestrained ani¬ 
mals. Following is a description of tho system which 
has met our minimal standards of chronicity and remote¬ 
ness, i.e., stimulation over periods of 4 months in a 
cage 8 ft. in diam. 

The receiver circuit consists of a flat pickup coil tuned 
to resonate at 1 megacycle by a condenser connected in 
parallel with it. The r-f voltage output from this is 
rectified by a germanium crystal and then applied to the 
nerve which is to undergo stimulation. A by-pass con¬ 
denser is connected across the output terminals of the re¬ 
ceiver to prevent r-f voltage from being applied to the 
nerve and to increase the receiver sensitivity. 

An analysis of the receiver circuit shows that there 
are optimum values of the circuit elements for maximum 
sensitivity. The voltage output of the coil under op¬ 
timum conditions is proportional to the 3/2 power of 
the coil diameter and to the 1/2 power of the radiofre* 
quency. This would indicate that, within the limits of 
the experiment, optimal conditions may be obtained with 
a pickup coil as large in diameter as possible and of a 
high radiofrequency. The crystal rectifier should have as 
low a resistance as possible. The number of turns on 
the coil should be adjusted so that the product of its 
inductive reactance and Q is equal to the equivalent load 
resistance presented by the nerve and crystal rectifier. 
Sufficient capacitance should be added across the coil to 
produce resonance. 

Two types of receivers were constructed: one wns a 
flat disk with a single pickup coil and the other was a 
sphere with three coils mounted mutually at right angles. 
The flat receiver is used in experiments where the subject 
is held fixed for a time in such a position that the re¬ 
ceiver coil 4s properly oriented with respect to the r-f 
iffagnetic field. The exciting field may be induced by a 
large primary coil which entirely surrounds the subject 
or by a small coil held in close proximity to the receiver. 
The spherical receiver is essentially three separate re¬ 
ceivers with their output terminals connected in parallel. 
By mounting the pickup coils mutually at right angles 
the receiver will respond to an r-f magnetic field in any 
direction. With this receiver the subject may move 
around freely within a single primary coil 0-40 ft in 
diam and receive nearly uniform stimulation at ail times. 
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Flat single coil receivers which operate at a radio- 
frequency of 1 megacycle are made as follows: The coil 
is made by winding 17^4 turns of number 20 AWG enam¬ 
eled copper wire on a form % in, diam and 3/16 in. wide. 
The coil is painted with collodion to hold the turns to¬ 
gether before removing from tho form, Next a 2,500 
mint'd resonating condenser, germanium crystal, and 
3,000 mmfd by-pass condenser are mounted inside the 
coit. The electrode and ground leads are then attached 
to the circuit. The circuit is cast into a plastic disk of 
polyethylene. The ground plate is a tantalum or silver 
disk % in. in diam and 0.02 in. thick with edges rounded 
mid smooth. 

The leads used in connecting the electrode and ground 
plate to *tbe receiver are of the utmost importance. Flex¬ 
ible conducting leads have been made by overwinding a 
thread O.OJ5 ill. in diam with two copper ribbons 0.0005 
in. thick and 0.02 in. wide. The lead is insulated by cov¬ 
ering with polyethylene tubing which has an 0.023-in. 
boro and an 0.014-in. wall thickness. 

The electrode which wraps around the nerve is made 
from 0.002-in. silver foil % x % in. This is attached to 
the flexible lead by inserting the lead mid a small wedge 
of silver foil into a small metal tube and then crushing 
the tube. The electrode is covered on the outside by 
0.118 in.-diam polyethylene tubing Y 2 in. long which has 
been cut lengthwise so that the nerve can be inserted. 
The side of the tubing opposite the cut is pierced in the 
center to permit passage of the conducting lead and is 
fused to the end of the tube covering the load. The 
other end of the tubing is fused to the polyethylene disk 
covering the receiver. 

The throe-coil spherical receiver is made in the same 
way mh the single-coil receiver except that the coils are 
not cast in solid polyethylene but two hemispherical shells 
are placed around them and fused together. This makes 
a lightweight covering which is moisture proof. 

There are many advantages to the use of radio fre¬ 
quencies for transmitting the signal to the receiver and 
then applying the rectified output of the receiver to the 
nerve. Relatively low power equipment can be used. 
The stimulating voltage applied to the nerve can be 
made to have practically any wave form by proper modu¬ 
lation of the r-f transmitter. 

In most experiments we have found it desirable to 
apply rectangular pulses to the nerve. This is accom¬ 
plished by modulating the transmitter with a square wave 
generator in which the width, repetition rate, and am¬ 
plitude of the stimulating pulses can bo controlled over 
a wide range. 

Electrode polarization may be made negligible by the 
use of rectangular pulses* The pulse width is kept very 
short (a few milliseconds), and the repetition rate is 
kept well below what appears to be the ffttigue level of 
the neuromuscular junction. Rectangular pulses lend 
themselves to detailed analysis in determining optimum 
conditions tor efficient and effective stimulation of spe¬ 
cific nerves. 

Our method has . been used to stimulate radial nerves in 
the forelegs of unrestrained dogs. Functional electrodes 


have been maintained in situ for 11 months. Buried units 
have successfully stimulated the front paw via the radial 
nerve for over 8% months. Stimulation of the splanch- 
nics and the vagi in the lower thorax has been carried 
out for similar periods. Studies have been made of the 
reaction of the nerves to the electrodes. Grossly, there 
is no scar tissue response to the encompassing electrode, 
although microscopic sections of the nerves have shown 
moderate perineural fibroblastic proliferation. 
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Recovery of the Virus of Eastern Equine 
Encephalomyelitis from Mosquitoes 
(Mansonia per turbans) Collected in Georgia 

B. F. Howitt, H. R. Dodge, L. K. Bishop, and R, H. Gorrie 

Communicable Disease Center,' Public Health Service, 
federal Security Agency, Atlanta 

Although mosquitoes have long been considered the 
probable vector for the virus of eastern equine encephal¬ 
omyelitis (E.E.E.), so far there has been no published 
account of the recovery of this strain from mosquitoes 
taken in nature. However, the virus has been isolated 
from the chicken mite (Dermanyssus gallinae), and from 
chicken lice (Eomenacanthua stramineus) as recently re¬ 
ported by Howitt et ai. (4). Merrill, Lacaillade, and 
TenBroeck (5) had demonstrated earlier that the eastern 
strain could be transmitted experimentally by several 
species of 4*de* (d. sollioitans, A. oantator, and A. 
taemorhynohus ), They were unable to transmit the 
virus by Culex pipiens or Anopheles qvadrimaoniatus. 
Davis (I) found that five species of Aedes mosquitoes 
prevalent in Massachusetts, (A, vexans, A . sollititans, A. 
oantator, A. atropalpus, and A. triseriatus) could trans¬ 
mit E.E.E. virus when tested in the laboratory, but no 
transmissions were obtained from other genera (Cot#*, 
Mansonia, or Anopheles). This note is to report on the 

1 From the Virus Branch and Laboratory Division, Blottt- 
gnmery, Alabama. 
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recovery of the E.E.E. virus from the mosquito Manemia 
perturbans Walker taken in nature. 

During the summer of 1948, a few horses in different 
parts of Georgia were diagnosed as having encephal¬ 
omyelitis. The brains from two animals were sent to 
the U. 8. Public Health Service Virus Laboratory in 
Montgomery, Alabama, where the virus of eastern equine 
enceplialomyelitia was recovered from them. During the 
same period, mosquitoes were collected from different 
areas in the state by members of the Epidemiology Divi¬ 
sion of the U. S. Public Health Service in collaboration 
with the Georgia State Department of Health. Forty- 
three jtfaneonia perturbans were taken from farms in 
Burke and Jenkins Counties, where sick horses previously 
had been reported. These mosquitoes were put into glass 
ampules, which were sealed in a flame and then quickly 
frozen with dry ice and alcohol. They were sent in this 
frozen state to the laboratory in Montgomery. There 
they wore pooled, washed with buffered saline, suspended 
in 3 ml of buffered saline containing 30% normal rabbit 
serum, and spun in the angle centrifuge for 20 min at 
33,000 rpm. The supernatant fluid was removed aud 
0.03 ml was inoculated intracerebrally and 0.1 ml intra- 
abdominally into nine 12-day-old white Swiss mice. After 
2-4 days, three animals died and four became sick and 
were killed. The brains were removed but, because of 
a bacterial contamination, the suspension of brain tissue 
was passed through a Seitz filter before inoculation of a 
second group of mice.' The latter animals either died or 
showed typical convulsions in 2-3 days. Cultures of the 
bmiits were negative for bacteria, so that a third passage 
was made to mice. All of these animals either died or 
showed symptoms of an acute encephalitis. In a further 
passage the titer was 10* in mice. 

This virus was then identified as that of the eastern 
equine encephalomyelitis strain, both by means of the 
neutralization test in mice and by cross immunity inocu¬ 
lations into immune guinea pigs. The virus was neutral¬ 
ized by the E.E.E. antiserum but not by that of the 
W.K.E. or fit. Louis strains. Guinea pigs, previously 
proven immune to the stock E.E.E. strain by intracerebral 
inoculation of 70,000 lethal mouse doses of vims, with¬ 
stood a dose of the new strain that was fatal for the 
control animals and for those immunized to the western 
equine virus. Moreover, an antigen prepared from a 
mouse brain suspension of this virus gave a positive com¬ 
plement-fixation against E.E.E. antiserum but not against 
those of the W.E.E. or St. Louis strains. The antigen 
titer was 3+ in a dilution of 1: 32 against the E.E.E. 
serum. 

It should be stated here that the Venezuelan equine 
vims has been recovered by Gilyard ( JS , 3) from another 
speciesnf the genus Manaonia (Manaonia titUlans) taken 
in nature in Trinidad- Both M. titUlans and M. pertwr- 
batts are persistent feeders on warm-blooded animals, in¬ 
cluding horses and chickens. This makes these mosqui¬ 
toes potentially dangerous vectors of equine encephalitis 
viruses if they are true vectors, father than merely iron*' 
***** earHers. Further titudiea to establish the role of 

M.pmwban* in the epidemiology of eastern equine en¬ 
cephalitis are planned fioT the coming season. 


In summary, a filterable virus, proven to be antigenic- 
ally and immunologically identical with that of the east¬ 
ern equine encephalomyelitis virus, has been recovered 
from wild-caught specimens of Manaonia perturbans 
Walker. The infected pool of these mosquitoes was col¬ 
lected in Burke and Jenkins Counties, Georgia during the 
summer of 1948. 
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A Convenient Microsyringe 

A. W. Woodrow 

Bureau of Entomology and Plant Quarantine , 
Agricultural Research Administration, 

U . 5. Department of Agriculture , 

Davit , California 

An accurate microsyringe is useful for dispensing mi¬ 
nute quantities of fluids in laboratory experiments. This 
type of instrument was used for inoculating individual 
honeybee larvae in the honeycomb by adding spores of 
Bacillus larvae to the food in which the larvae float during 
the first two days of life (l, 2). Recently it has been im¬ 
proved to increase its accuracy and convenience, and has 
been used for feeding minute quantities of DDT suspended 
in 50% sugar syrup to individual adult worker bees. By 
this method as little as 1 pg or less of DDT can be fed to 
each bee. The unit of discharge is 1 g]. 



* The complete instrument is diagramed in Fig. 1. The 
syringe is a 1-cc glass tuberculin type hypodermic syringe, 
the 1-cc calibration occupying a linear distance of 56.5 
mm. The syringe holder is made of sheet brass formed to 
accommodate and hold the syringe in position. Two bush¬ 
ings, 4 and B, serve ft* bearings to guide the 3/16-in. feed 
screw €, which regulates the movement of the plunger t> 
of the syringe. The screw U threaded The feed 

device R is a knurled nut tapped to fit this screw, imd on 
one end arh out notches or gear teeth. A hole is dotted 
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in the bushing B under the teeth of the nut to accommo¬ 
date a 5/64-in, steel ball J with a coil spring placed under 
it. The ball enters the space between the teeth as the nut 
is turned, resulting in a definite click. 

The instrument is held in the right hand and operated 
by turning the nut with the thumb or forefinger The 
syringe holder is cut away so that the nut may be reached 
from underneath. The clip F and a coil spring hold the 
plunger in position against the screw rod. The rod G is 
firmly attached to the syringe holder and serves as a 
guide for the screw rod C through which it passes. 

Two light coil springs H attached to the central portion 
and hooked over two prongs soldered to the outside of the 
holder serve to hold the syringe firmly in place. The 
springs are unhooked for removal of the syringe. 

With a feed nut of 14 teeth and a 32-thread screw there 
are 448 clicks per in. of screw, or 997 clicks to the 1 cc 
occupying a distance of 56.5 mm. This is equivalent to 
0.0009965 cc per click or, for all practical purposes, 1 
By proper selection of the number of threads per in. in 
the screw, the number of teeth in the goar of the nut, and 
the diameter of the syringe, various sizes of drops may be 
obtained. The quantity of dissolved or suspended mate¬ 
rials for a given dose may be calculated on this basis. 

A fine long needle of 25 or 27 gauge, cut off bluntly, 
has been used for the small drops fed to bees. For accu¬ 
racy it. is essential that all air be removed from the 
syringe and that the temperature remain constant. 
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The Caries-producing Capacity of Starch, 
Glucose, and Sucrose Diets in 
the Syrian Hamster 

William G. Skater' 

Division of Dental Research and Department of Pathology , 
School of Medicine and Dentistry f University of Rochester 

The reports of experiments with the cotton and albino 
rat, in which various carbohydrates were incorporated in 
the diets to determine their relative eariogenic effective¬ 
ness, are either inconclusive or inconsistent (jf, 6, 7, 8). 

It has been shown that the Syrian hamster on a high 
carbohydrate diet will readily develop gross lesions of the 
teeth which are comparable to human dental caries (1, 4), 
and the use of this animal seems to have several advan¬ 
tages over that of the rat (£). An experiment vvns de¬ 
signed, therefore, in which the hamster was used for test¬ 
ing the caries-producing capacity of a monosaccharide, a 
disaccharide, and a polysaccharide. 

Sixty-two hamsters (86 males and 26 females) were di¬ 
vided into three main groups with as nearly equal sex and 
littermate distribution an possible. At the initiation of 
the experiment, the ages of the animals ranged between 
< 1 National Institutes of Health senior research fellow. 


31 and 34 days. Beginning at this age, each of the three 
groups received diets which varied in composition only in 
the type of carbohydrate present. Group I received the 
following diet: raw cornstarch, 61%; whole powdered 
milk, 35%; powdered alfalfa, 3%; sodium chloride, 1%. 
In the diet of group II, the 61% cornstarch was replaced 
by an equal quantity of powdered a-glucose, and in the 
diet of group III, the starch was replaced by sucrose in 
the form of confectioner's sugar. 

TABbK 1 

Caiuen Scores on Cahbohyduatw Dirts 



No. of 
animals 

Men n 
caries 

score 

Stand¬ 

ard 

devia¬ 

tion 

Critical ratio 
Starch Sucrose 

8 torch diet 
Male** 

12 

o 

7 


ft 

FemulcH 

9 

0 

0 


11 

Glucose diet 

Mulct* 

12 

72 

35 

7 

r> 

Females . 

8 

44 

27 

4 

7 

Sucrose diet 

Malcn 

12 

163 

r*7 

ft 


Females . 

9 

170 

42 

11 



After an experimental period of 111 days, the animals 
wore sacrificed, tho teeth examined under a dissecting 
microscope, and the carious lesions charted and scored 
according to the method of Koyes (5). The mean caries 
scores are shown in Table 1. The difference in mean 
caries scores of the males on the various diets, and also 
the difference in the mean caries scores of the females on 
tho various diets, are of a high order of statistical sig¬ 
nificance. 




Thus it is seen that raw starch plays little if auy sig¬ 
nificant role in the initiation of gross dental caries in the 
Syrian hamster. The feeding of a diet high in sucrose 
results in the highest caries scores, whereas a diet high 
in glucose results in caries scores intermediate between 
the starch and sucrose groups. Although the severity of 
dental caries in these three groups is roughly propor¬ 
tional to the solubility in water of the three carbohy¬ 
drates (Fig. 1), It must hot be inferred that solubility is 
the controlling factor in this experiment. No evidence 
is available except that cited above and no conclusions 
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can be drawn at the present time. Further studies are 
now in progress using a larger number of carbohydrates 
of different solubility to determine whether such findings 
hold true in every instance. 
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Synthesis of Amino Acids in the Rumen 

J. K. Lowli, H. H. Williams, W. E. Thomas, 

Fent H. Ferri#, and L. A. Maynard 

Departments of Animal Husbandry and 
Biochemistry, and Nutrition, 

Cornell University , ltbaca t New York 

III 1891 Zuntz ( 6 ) presented the view that bacteria in 
the rumen of animals utilize nonprotein nitrogenous com¬ 
pounds to form protein, which in turn was used by the 
animals. In recent years it has been conclusively shown 
that proteiu is formed in the rumen from dietary urea 
and ammonium salts. The protein thus formed appears 
to be of relatively low biological value ($-.5) but, to our 
knowledge, no attempt has been made to measure the 
amino acid composition of proteiu synthesized in the 
rumen. 

In the course of studies designed to determine the 
amino acid requirements of farm animals, samples of 
diets, rumen material, and excreta obtained from three 
sheep and two goats fed a purified diet containing urea 
as the nitrogen source were analyzed for the ten essential 
amino acids. The animals were fed a diet containing 


corn sugar, 25%; cornstarch, 42%; cellophane, 20%; , 
minerals, 5% ; lard, 4%; and urea, 4%. Vitamins A 
and I> were fed separately each day, but the B vitamins 
were not supplied because most of them have been shown 
to be synthesized in ruminants. After the animals had 
been on a constant amount of the diet for at least 20 
clave, collections of urine and feces were made for a 10- 
day period. Samples of rumen material were obtained 
by stomach tube at the end of the collection periods. 

Lambs fed the urea-containing diet gained an average 
of 0.23 lb per day, as compared with 0.30 lb foT similar 
lambs fed concurrently a ration containing casein. All 
animals were in -positive nitrogen balance. As an aver¬ 
age they stored 1.18 g of nitrogen each day. Biological 
values, calculated from the nitrogen balance data ob¬ 
tained from these animals and figures reported* in the 
literature (2) for metabolic and endogenous nitrogen 
gave values of 56 for the diet containing urea and 82 for 
the casein ration. 

The amino acids were determined in the purified diet, 
rumen material, and excreta bv the microbiological tech¬ 
nique after hydrolysis. 

Hydrolysis was carried out in the autoclave in sealed 
tubes. Acid (10% HC1) was used for all amino acids 
except tryptophan. Alkali (5 N NaOH) was used for 
the latter. Organisms, obtained from the American 
Type Culture Collection, Georgetown University, Wash¬ 
ington, I>. C., were used for assay of the different amino 
acids as follows: Streptococcus faecal is £9790 for argi¬ 
nine, threonine, tryptophan, and valine; Leuconostoc 
mcftcntcroides P-60 #8042 for histidine, lysine, methio¬ 
nine, and phenylalanine; and Lactobacillus arabinosus 
17-5 #8014 for isoleucine and leucine. The basal 
medium was the same as that reported in the literature 
for each organism, with the exception of slight modifica¬ 
tions to be reported later (7). 

In the analysis of rumen material, inhibition of growth 
of microorganisms was noted at the higher assay levels, 
This is being investigated further. The values for syn¬ 
thesis of amino acids in the rumen therefore are mini mill. 
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On the basis of the assays, the purified diet contained 
traces of all amino ueids studied except isoleucine, even 
though urea was the only nitrogen source added. The 
presence of thee© amino acids in the purified diet appears 
to bo a slight protein contamination from the cornstarch, 
sugar, and lard. The rumen material contained 9 to 20 
times more of the amino acids that the diet fed (Table 1). 

From a calculation of the amounts of amino acids 
furnished by the daily ration it would appear that the 
losses in feces and urine considerably exceeded the die¬ 
tary intake. Obviously, this could not bo the case lie- 
cause the animals were storing nitrogen and gaining 
weight. If the amino acid content of the rumen material 
is used to estimate the amounts available to the animals, 
a retention of the amino acids is indicated, which would 
explain the ability of the animals to grow. The find that 
the animals have continued to gain in weight on the urea 
diet, containing no protein, for over 3 months is further 
evidence of the formation of amino acids. 

Similar studies were earried out using a purified diet 
containing glycine as the only source of nitrogen. Rumen 
samples from sheep fed the glyeino diet again indicated 
synthesis of the amino acids but at a lower level. 

Results of these experiments show that the ten essen¬ 
tial amino acids are synthesized in lurge amounts in 
ruminants fed urea as the only dietary source of nitrogen. 

(Supported in part by a grant prom the Fraunch Founda¬ 
tion.) 
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Experimental Amyloidosis 
in the Guinea Pig 1 

C. L. Pi rani, C. G. Bly, K. Sutherland, and F. Chereso 

Army Medical Nutrition Laboratory, Chicago and 
Department of Pathology , College of Medicine, 

University of Illinois 

In the course of a pathological study of chronic scurvy, 
we unexpectedly observed deposits of amyloid in various 
organs. So far as we know, this is the first report of 
experimental production of amyloidosis in guinea pigs. 

Thirty young guinea pigs were fed soorbufcogenic diets 
for varying lengths of time as shown in Table I; 12 re¬ 
ceived the Bherman-La Mat diet as modified by Rinehart 
(10), and 18 the Cramp ton No. 5 diet (d), The control 
animals received 2.0 mg/day ascorbic acid, the acute 

1 The opinions expressed in this paper are those of the 
authors and do not necessarily represent the official views of 
any governmental agency. 


scurvy group none, and the chronic scurvy group 9.2 
mg/day. No amyloid was found either in the control or 
in the acute scurvy animals. Among the chronic scurvy 
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guinea pigs, amyloid was demonstrated only in those ani¬ 
mals which were sacrificed 8 weeks or longer after the 
beginning of the experiment. Bix out of seven animals 
in this last group showed distinct amyloidosis. The lone 
exception was that of a guinoa pig on the Crumpton No. 
5 diet, which was sacrificed at 19 weeks following a pe¬ 
riod of 4 weeks of unexplained clinical improvement. 



vowltt ; xfiSb Army Institute of Pathology. 
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Fiu. 2. Spleen from a guinea pig with chronic scurvy 
iheuiatnxylfn-eosin ; x 48), Army Institute of Pathology. 

Jtt animals showing amyloid deposition, the spleen was 
Severely involved, the liver moderately, find the adrenal 
cortex only minimally in a few eases. Amyloid was not 
found in organs other than those mentioned in the chroni¬ 
cally scorbutic guinea pigs. 

Microscopically, the amyloid appeared in tile spleen in 
the form of a thick band in the peripheral portion of 
the Malpighian corpuscles, extending at times to a minor 
degree iuto the pulp. (Figs. 1 and 2.) The central por¬ 
tion of the corpuscles appeared normal. The pulp was 
relatively pooT in colls and contained prominent sinusoids. 
In the liver, amyloid was noted in moderate amounts be¬ 
tween the hepHtic cords and the walls of tho sinusoids. 
The peripheral two-thirds of the hepatic lobules were as 
a rule more severely affected, the hepatic cells in these 
areas appearing small, atrophic, and compressed by the 
amyloid material. No definite intracellular amyloid was 
noted in the spleen or in the liver. In the adrenal cor¬ 
tex amyloid was noted in small amounts, again in close 
apposition with, and at times completely surrounding, the 
walls of capillaries lying among the cortical cells. 

lodiuo and sulfuric acid tests on the gross specimens, 
and crystal violet and Congo red stains on the sections, 
were all positive. However, the tinctorial response of 
the amyloid, particularly with Congo red, was not as 
brilliant as is usually seen in pathological specimens from 
man. The results of the tests with special stains, to¬ 
gether with the typical distribution of the amyloid in the 
immediate neighborhood of capillaries and of reticulo¬ 
endothelial elements, is characteristic of this disease, in 
both man and experimental animal The minor differ¬ 
ences of the tinctorial response from that usually observed 
in man can probably l* explained on the basis of age of 
deposition and molecular arrangement of the amyloid. 


At the present time the exact chemical composition of 
amyloid is not known and the etiology and pathogenesis 
of amyloidosis are not clear. Experimentally, amyloido¬ 
sis has been produced in mice, rats, hamsters, rabbits, 
dogs, and horses by various means (I, &> 4, 6, 7 , 3, &, 
ll y 13). These include: supplementation of the diet with 
cheese; injection of bacteria, casein, sodium caseinate, 
pen^se nucleotides, human serum, sulfur, selenium, or 
sodium silicate; inoculation with Leishmania donovani; 
and implantation of homologous tissues. Allegedly, amy¬ 
loidosis has also been obtained in the experimental animal 
by injection of sodium bicarbonate, sodium hydroxide, 
hydrochloric acid, or animal tar (13).I In addition, nmy- 
loid has been found in tumor-bearing mice (6). 

Our observations do not warrant, any positive conclu¬ 
sion, however attractive, as to the possible role of as¬ 
corbic acid or inanition, either alone or in combination in 
the pathogenesis of amyloid deposition. We feel, how¬ 
ever, that these obselvations should bo reported for two 
reasons: becatise to our knowledge, amyloidosis has never 
been detected in the guinea pig, and because amyloidosis 
1ms never been produced in animals by means of a de¬ 
ficient diet. 
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Radiophosphorus and Radiostrontium in 
Mosquitoes. Preliminary Report 

John C. Bug her and Marjorie Taylor 

Yellow Fever Research Institute J Lagos, Nigeria 

The possibility of employing radioactive isotopes for 
« marking mosquitoes for subsequent recognition has led 
to a study of behavior of P* and Sr" in colonised ASdee 
(tegyptiy with a view to developing techniques by which 
such marking might be applied to large numbers of mos¬ 
quitoes under field conditions. The usual methods of 
marking involve relatively drastic procedures, such as 
dusting and spraying the captive adult mosquitoes before 

1 Supported Jointly by the Medical Department of Nigeria, 
(he Colonial Medical Research Service, and the International 
Health Division of The Rockefeller Foundation. 



SCIENCE 


147 


August 5, 1949, Vol. 110 


release, and thus subjecting them to considerable manipu¬ 
lation and trauma. 

The ideal marking procedure should insure (1) ease of 
application to large mosquito populations; (2) minimal 
manipulation, preferably none at all; (3) ease of recog¬ 
nition of the marked mosquitoes without killing them, 
when this is desired; (4) certainty of persistence of the 
marking throughout the life of the mosquito; (5) free¬ 
dom from deleterious biological influences. 

It seemed that all of these conditions could probably 
be mot by a radioactive element, provided it were bound 
by the mosquito tissues and not excreted. Sufficient 
radiation energy to be detected readily by the usual 
equipment would be essential, and the life of the radio¬ 
active isotope would need to be long enough to permit 
ready detection throughout the life of the insect. 

Both P® and Sr® were found to be absorbed by the 
larvae and to be carried through the pupal stage into the 
adult. For marking purposes P" was used as Na B P0 4 
and Sr* as SrCl 8 . It was found that concentrations giv¬ 
ing radioactivities of 10-20 mpe per cc in the larval baths 
produced mosquito radioactivities of from 2 to 16 mpe, 
depending upon the concentration of the larvae and the 
conditions of feeding. A density of 5 larvae per cc gave 
satisfactory development provided adequate food was 
supplied. 

Both isotopes showed similar behavior in that they 
were absorbed chiefly during the fourth stage and were 
not subsequently excreted from the adult body. The only 
significant loss was through egg laying, by which an 
appreciable fraction of P® and a much smaller propor¬ 
tion of Sr® would be passed out. Thero was no absorp¬ 
tion by pupae. 

There were no evidences of toxicity with a bath radio¬ 
activity of 0.2 pc per cc, which is about 100 times that- 
needed for marking purposes. As the intensity of radio¬ 
activity was increased, the first indication of abnormality 
was the failure of mosquitoes to produce eggs. On dis¬ 
section of such mosquitoes, no ovaries could be identified. 
This occurred especially with P" at a radioactivity of 
about 200 mpe per mosquito. With still higher bath 
radioactivity, pupation did not occur. 

Within the range of radioactivities used for marking 
purposes, there were no significant differences in lon¬ 
gevity of the radioactive mosquitoes and their controls. 
With both isotopes, however, the females exhibited about 
twice the radioactivity of the males from the same baths. 

Dissection experiments showed a similar distribution 
of the two isotopes in the mosquito body,- a distribution 
which was independent of the total amount of radio¬ 
activity shown by the mosquito. Of especial interest was 
the finding that nearly 40% of the total radioactivity 
in female aegypti mosquitoes could be found in the 
legs, while there was practically none in the wings. 

Four field experiments were made involving the release 
of radioactive 4. aegypti and their subsequent capture. 


In the two largest releases 8r® was used; in the others 
P® was employed., Photographic trays were used for the 
larval baths. It was found desirable to allow the larvae 
to develop to the third stage in other containers so that 
overcrowding did not occur until they were reaching the 
fourth stage, which was passed in the radioactive bath, 
where pupation and emergence also took place. For the 
first two experiments, pupae were counted into clean 
water and allowed to emerge from that container. Later, 
it was concluded that this method was too laborious and 
that it was possible to estimate the number emerging by 
dividing the amount of radioactive material disappearing 
from the bath by the average mosquito rndioactivity. 

The essential results of these field experiments arc 
given in Table 1. 

TABLE l 
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15-20 

1,100 

IV 

Sr® 

252,000 

0.019 

240 

1.8 

28 

3.800 


Catches were made at a series of stations placed around 
the compass at varying distances from the release point. 
Human bait was used nnd the usual catching time was 
from 6 to 8 o'clock in the evening. Radial disposition 
of the stations was found most satisfactory for the first 
few catches of fin experiment; later, irregular arrange¬ 
ments were used when it was desired to pay especial 
attention to certain areas. 

It was found in field experiment IV that where the 
mosquito density in the bath is of the order of 5 per cc, 
rapid depletion of the radioactive material occurs, so thut 
by measuring the radioactivities of mosquitoes emerging 
on successive days, it is possible to use the curves so 
obtained to determine the day of emergence and hence 
the age of mosquitoes caught subsequently. Also, where 
there is proper placing of the catching stations, the pro¬ 
portions of radioactive and nonradioactive mosquitoes of 
the specie* studied may be used with the estimate of the 
number emerging to ,give an approximation of the total 
population in the area. 

It was found in these experiments that the mosquitoes 
were distributed largely by wind drift rather than their 
own flight, although the latter contributed. High winds 
and rains, however, tended to shorten the life span and 
thus limited the spread. Males and females traveled ap¬ 
proximately the same distances, but the males had a sur¬ 
vival time of paly a few days. 
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Comments and 
Communications 


On the Price of Books: A Publisher s Reply to 
Mr. Lowry 

In your issue of the 22nd April, Jolni R. Lowry pro¬ 
tests against the present high prices of scientific books 
and suggests that books might be issued both un¬ 
bound and bound form .' f 

It has frequently been suggested that the publication 
of books in paper bindings would result ill a considerable 
saving, but this is in fact not the case. The saving in 
most instances would amount to only a few cents, since 
the greater part of the binding coat is in the folding and 
collating of the sheets and the sewing of the signatures; 
this operation has to be performed by the binder whether 
the casing is paper or boards, 

Tho manufacturing cost of many books has doubled in 
recent years, as your correspondent rightly points out. 
The list price charged by publishers haB been increased 
by a much smaller proportion. I believe that books show 
a smaller increase in price over the prices of ten years 
ago than almost any other commodity on the market. 

F. Ronald Mansbridoe 

Cantbridc University Press 
American Branch 


Precipitation Cycles 

Recalling my own papers (Smithsonian Miac. Coll. Vol. 
104, Nos. 3, 5, 1944; Vol. Ill, No. 4, 1949) a letter from 
K Frnsolle, translated from the French, is of much 
interest: 

I have much pleasure la informing you that I am verifying 
the Influence of the cycle of 27 days on the precipitation 
registered at Shnngugu (CostermausvUle) In Ruanda {Afrique 
Orlentalc). 

The graph enclosed (Fig. 1] Is computed from rainfall data 
of this station for 41 cycles from 4-1-1946 to 14-1-1949, as 
tabulated below. (The table Is here omitted.] 

I fixed the zero of the first cycle at 4-1-1946, because It 
represents tbe phase of maximum rainfall for the cycle as 



Indicated by the mean of the 41 cycles. This day would 
therefore correspond to the twelfth day of your cycle for 
Washington, Smithsonian Mlec. Coll., Vol- 104, No. 3. 

In spite of the restricted number of cycles (41) used t« 
establish my mean curve, the general correspondence of my 
results with yours Is striking, and I cannot hide from you 
my satisfaction therein. This seems to me to have a great 
importance when one considers that Washington Is situated 
In the Temperate Zone and Hhangugu In the tropics, 

I^ptm About to publish a paper on the subject In which I 
give the ratio of expected average rainfall on preferred days 
to that on all others a a 1.60. This follows from the graph 
enclosed. 

The matter was further referred to in my paper before ' 
the National -Academy of Sciences QScicnce, 1949, 109, 
436). 

C. 0. Abbot 

■ Smithsonian Institution 


Anode-Cathode Labeling in Electrochemistry 

There has been much controversy over the use of the 
terms * * anode y * and 11 cathode ’ f in the labeling of the 
electrodes in electrolytic and galvanic cells. From the 
standpoint of first year college students, as well as work 
ers in the field, this has been an everlasting problem, 
always giving rise to doubt and uncertainty. 


U- Cm" 




TW- 

C»" ■ «r« . C. 


Fio.' 1. A—Electrolytic cell. B—Galvanic cell (the 

Danlell cell). 


The use of the terms with respect to an electrolytic 
cell, Fig. 1A, is not controversial, since it follows directly 
from Faraday ’a work on electrolysis. During electrolysis 
the electrode to which the anions migrate is termed the 
anode and that to which the cations migrate is termed 
the cathode. The electrode connected to the positive pole 
of the external circuit is the anode and that which is 
connected to tbe negative pole is the cathode. 

On carrying over the use of these two terms to the 
galvanic cell, either one of two definitions must he fol¬ 
lowed: (1) the anode is always positive and the cathode 
always negative, or (2) the anions migrate to the anode 
and the cations migrate to the cathode. Roth of these 
statements hold true for tho electrolytic coll* 

If the first statement is accepted, then in the ease of 
the Daniell Cell (a galvanic cell), Zn/ZnS0 4 //CnSO,/Cu, 
the zinc electrode is the cathode and the copper electrode 
is the anode. This being the case, then the second state¬ 
ment cannot be true for the galvanic pell. From Fig, 
IB, it can be seen that the coppeT ions migrate to the 
vicinity of the copper electrode and this we have termed 
anode according to statement 1. Confining ourselves 
strictly to Faraday** wdifcand using these notations with 
rOspect to the galvanic&Il, we would label the copper 
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electrode ae the cathode, for it is to this electrode that 
the cations, the copper ions, are migrating. No mention 
has yet been made of positive and negative electrodes. 
Actually, an electrode is negative only because it is more 
negative than the other electrode in the system. 

Using the second definition, it is immediately apparont 
that the terms now indicutc the chemical processes occur¬ 
ring in the vicinity of the electrodes—namely, oxidation 
in the vicinity of the anode and reduction in the vicinity 
of the cathode. It would seem better from the chemical 
point of view to lubel the electrodes with respect to the 
chemical processes occurring than by any other terms. 
Oxidation processes will always occur in the vicinity of 
the anode and reduction processes will always occur in 
the vicinity of the cathode if this definition is followed 
in the labeling of both electrolytic and galvanic colls. 
There can be no mistaking the processes of oxidation 
and reduction, since they can be defined in terms of 
electron loss and electron gain, respectively. 

Affixing the terms positive and nogative to the elec¬ 
trodes would be a very simple matter. In the electrolytic 
cell, that electrode to which electrons are being admitted 
is termed the negative electrode (cathode), for it is more 
negative! than the other electrode in the cell. In the 
galvanic cell, that electrode at which electrons are being 
ii Item ted is termed the negative electrode (anode), for 
it is more negative than the other electrode in the cell. 
The chemical processes occurring at the negative and 
positive electrodes in the electrolytic and galvanic cells 
will be different, but the processes occurring at the anode 
and the cathode will be the same. The din gram shown 


of the electrolytic and galvanic cells make clear the 
notation and charge of each electrode. 

Paul Dora an 

York University 

Corrections 

In the paper “Preliminary Observations on the Bio¬ 
logical Effects of Radiation on the Life Cycle of Triehi- 
nella spiralis ” by Alicata and Burr ( Science , 1949, 109, 
595) the reports of earlier observations by E. E. Tyzser 
and .T. A. Houoij (J. Parasitol., 1916, 3, 43), B. Schwartz 
(J. Agrio. Res., 1921, 20, 845), and others, on the 
deleterious effects of radiation on the reproductive tissue 
of T. spiralis were inadvertently omitted from the list 
of references. 

Joseph E. Alicata 

University of Hawaii 
Agricultural Experiment Station 

A typographical error in Table 1 of my paper “The 
Validity of the Use of Tracers to Follow Chemical Re¬ 
actions” ( Science , 1949, 110, 14), under the entries for 
chlorine makes the estimated maximum ratios for the 
tracers Cl* and Cl* somewhat ambiguous. The stable iso¬ 
topes should be written as Cl (natural abundance). The 
ratios were calculated for reactions with the tracers 01“ 
and Ci“ in systems containing chlorine of natural isotopic 
abundance. Due attention has been given to the fact that 
the Cl* and Cl w will react at different rates. 

Jacob Biqkleiskn 

Brookhaven National Laboratory 


Book 

Reviews 

Kinematic relativity: a sequel to relativity f gravitatio n an d 

world structure. E. A. Milne. New York: Oxford 

Univ. Press; Oxford, Engl.: Clarendon Press, 1948. 

Pp. vi+ 238. 46.50. 

This book is n presentation of the author’s theory of 
cosmology and physics. It is a sequel to his study Rela¬ 
tivity , gravitation and world structure (1935), but can 
well be read independently from the earlier volume. It 
is a fascinating treatise, centered around a brilliant idea, 
excellently presented and showing unusual skill in the 
elaboration of some of the details. Even though the 
reviewer could not agree with all parts of the book, his 
admiration never slackened for the scope of the work and 
the wealth of results obtained by the author with the 
help of only a handful of collaborators. 

The central idea of Milne's fheory is a restatement of 
Mach’s principle (cf. p. 3) that .the laws of nature are 


a consequence of the contents of the universe. Our ex¬ 
panding universe is, however, an ordered structure, con¬ 
sisting of galaxies moving os if they had originated at 
a certain time at a common point (the “origin of the 
world”) and moved away from each other henceforth. 
There is, therefore, it can be claimed, no purpose in estab¬ 
lishing laws of motion which would be valid in an arbi¬ 
trary type of universe or in setting up laws of invurianoe 
which disregard the structure of our universe. In our 
universe, a definition of absolute rest, at every point of 
space time, can be obtained by considering the motion 
of the galaxies at that point. The coordinate systems in 
which matter, on the average, is at rest along the time 
axis are, according to Milne, preferred over other co¬ 
ordinate systems, but are mutually equivalent. The 
equivalent coordinate systems form a sixpnrametric mani¬ 
fold: three parameters are necessary to give the “aver¬ 
age material point” whose world line coincides with the 
time axis of the coordinate system, and three parameters 
give the orientation of the space axes. The equivalent 
coordinate systems thns form s much smaller manifold 
than in Einstein 'a special theory of relativity, in Which 
ten parameters are necessary to describe an inertial co¬ 
ordinate system. In Milne’s theory, coordinate systems 




SCIENCE 


August 5, 1949, Vol, 110 


ISO 


which have a common origin (.T = y = r = t = 0), but are 
in motion with respect to each other, are not equivalent 
any more unless the common origin is the origin of the 
world. If this is not the case, the coordinate system which 
is at rest with respect to the average motion of matter 
at its origin is preferred. Mathematically, the group of 
Milne's equivalent coordinate systems is tho homogenous 
Lorentz group (with the origins at the origin of the 
world) \ for Einstein’s equivalent coordinate systems it 
la the inhomogeneous Lorentz group. This restriction of 
the equivalent coordinate systems to a smaller manifold 
than in Einstein's special theory is the basic postulate 
of Milne's theory. 

The derivation of the transformation between Milne's 
preferred coordinate systems (i.e., the derivation of the 
Lorentz transformation) is carried out in port I of the 
book, without making nae of the usual devices of rigid 
rods and perfect clocks, by a brilliant piece of reasoning. 
The assumption is introduced that it is possible to re* 
graduate tho time scales of all preferred coordinate sys¬ 
tems in such a way that if the light signal from A 's 
clock at time t reaches B's clock at time V (by B's clock) 
then the signal from B's clock at time t also reaches A 
at time V (by A ’s clock). A set of clocks satisfying the 
above condition and each moving with the average motion 
of mntter at Hb position is called au equivalence. The 
existence of equivalences essentially makes space “flat" 
in the sense of Beimann-Einstein—an assumption which 
has been criticized a great deal, but which is certainly at 
least a permissible assumption. 

The postulate of the existence of equivalences does not 
fix the time scales of all observers uniquely. On the 
contrary, it is shown that one of the observers can re¬ 
normalize his clock by introducing a new time measure 
2’ = /(*), if the other observers do likewise. Milne con¬ 
siders in particular two time measures: the t-measure cor¬ 
responds most closely to the time scale of conventional 
physics and has been used in the above qualitative dis¬ 
cussion, while the t scale is obtained by setting T=:f 0 lnt/t 0 
with an arbitrary t 0 . In f-mcasure the transformation be¬ 
tween coordinate systems is by Lorentz's formulae, with 
the origin of the world corresponding to t = 0. In t-moas- 
urc the origin of the world was at % - - oo and it is shown 
that actually the v measure coordinate systems can be 
considered to be at rest with respect to each other. 

Milne's use of equivalences instead of rigid measuring 
instruments for the definition of his coordinate systems, 
as well as his emphasis on an elastic time scale, are, 
in the opinion of this reviewer, distinct advances in the 
epistemological sense. However, a study of his argu¬ 
ments fails to support the author's claim (p. 32} that be 
has not used the results of the experiments which con¬ 
ventionally go into the establishment of Lorentz's 
formulae. Similarly, the reviewer found it disturbing 
that the possibility of the renormalization of the clocks 
of alb observers so that the equivalence axiom is satis- 

At Vu, * ny P * lr0f *** *•« introduced mote 

explicitly tu assumption. 


This discussion of part I of Milne's book may indicate 
the stimulating and thought-provoking character of all 
four parts. Part II deals with the dynamics of u free 
particle. In the conventional special theory of relativity, 
Newton’s first law is an immediate consequence of the 
equivalence of all coordinate systems which are in uni¬ 
form motion with respect to each other. This is not the 
casein the present theory and the analogue of Newton's 
first law actually does not follow from the axioms intro¬ 
duced in part I. The most important result of part 11 
is that Newton's first law in its original form is valid 
only iu the coordinate systems which use t-measure. The 
author attempts to give a derivation fof this result, but 
hla proof appears to be not much more than a plausibil¬ 
ity argument The apparent accelerations in /-measure 
'are interpreted as tho gravitational effect of tho sub¬ 
stratum, by assuming that the gravitational constant in¬ 
creases linearly with t. 

The most interesting section of part II deals with the 
dynamics of light. The observed magnitude of tho rod 
shift of receding nebulae, which causes difficulties with 
the conventional theory, appears as a natural consequence 
of the author’s concepts. The reviewer would have liked 
to see at this point a discussion of the basic experiments 
which have led to the special theory of relativity, such as 
the Michelson-Morley and the Trouton-Noble experi¬ 
ments, on the basis of the theory here presented. It 
would have been particularly important to discuss these 
experiments from the point of view of an observer who 
is in motion with respect to Milne 'b preferred coordinate 
systems, i.e. an observer who uses a coordinate system 
which is a preferred on© in Einstein's theory of relativity 
but not in Milne's. The reviewer must also admit that 
he completely failed to understand section 133, dealing 
with the frequency of atomic transitions. It seems to 
him to follow from the argument presented on page 120 
that light emitted by one galaxy and reflected back by a 
distant one cannot be absorbed at all by the original 
galaxy; as a result of the two kinds of Planck's con¬ 
stants, atoms which have the right resonant frequency do 
not possess the proper energy differences between their 
stationary states and conversely. This certainly could 
not have been the author 'a meaning. 

The most interesting sections of part III deal with the 
structure of spiral nebulae. Again, the claim can U 
made that Milne's theory accounts better for the obser¬ 
vations than does the conventional picture. Finally, in 
part IV, dealing with electrodynamics* the author ven¬ 
tures rather far into the field of speculation. 

This summary should suffice to give an idea of the 
scope and significance of Milne's book. It is a book of 
many ingenious ideas, the concept of the change of the 
fundamental constants with time being only one of the 
author's original Contributions, The reviewer suspects 
that most readers will disagree with some detail# of the 
book, just as he did- He hope#, however, that they also 
will find it highly interesting and stimuiatiiig, if some¬ 
what too mathematical reading. 

„ , / ■ T E. P, Wi<roi» 

Princeton Univertify 
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NEWS 
and Notes 

M. F, Ashley Montagu has re¬ 
signed as associate professor of anat¬ 
omy at Hahnemann Medical College, 
Philadelphia, to become chairman of 
the newly created Department of 
Anthropology at Rutgers Univer¬ 
sity, New Brunswick, New Jersey, 
effective July 1. 

James F. Bonner, professor of 
biology at the California Institute of 
Technology, has been elected presi¬ 
dent of the American Society of 
Plant Physiologists- He succeeds 
Donald B. Anderson, North Caro¬ 
lina State College. 

Theodore L. Althausen, profes¬ 
sor of medicine at the University of 
California Medical School, will spend 
six months at the Walter and Eliza 
Hall Institute for Medical Research 
at the Royal Melbourne Hospital in 
Australia. Dr. Althausen will con¬ 
duct research in diseases of the liver 
and disturbances of intestinal ab¬ 
sorption. 

William Walter Greulich, profes¬ 
sor of anatomy at Stanford Univer¬ 
sity, has been appointed executive 
head of the Department of Anatomy 
to succeed Charles Haskell Dan- 
forth, who is retiring at the expira¬ 
tion of the academic year. 

Hans Ris, associate in physiol¬ 
ogy at the Rockefeller Institute, has 
been appointed a professor in the 
Department of Zoology at the Uni¬ 
versity of Wisconsin. 

Douglas M. Whitaker, dean of 
graduate study at Stanford Univer¬ 
sity, will attend, under the auspices 
of the Rockefeller Foundation and 
the U, S. Military Government, a 
series of conferences in Germany on 
German universities. Dr. Whitaker 
will serve as consultant bn teach¬ 
ing and research in the biological 
sciences. 

Lee E. Farr, director of research 
and. physician-in-chief of the Alfred 
I* du Pont Institute of the Ne¬ 


mours Foundation in Wilmington, 
Delaware, has been appointed head 
of the Medical Department at Brook- 
Imven National Laboratory. 

Visitors 

Recent visitors at the National 
Bureau of Standards included: Lars 
Gunnar Sillen, research associate, 
University of Stockholm, Sweden; 
Douglas R. Hartree, research asso¬ 
ciate, The Cavendish Laboratories, 
Cambridge, England; T. H. Mor¬ 
ton, of Cortaulds Limited, England; 
Herman Bertling Hederra, profes¬ 
sor of applied seismology, Univer¬ 
sity of Chile, Santiago; Tong H. 
Ahn, director, National Central Re¬ 
search Laboratory, Korea. 

Julio Enrique Toral, pediatrician 
at the School of Medicine of the Uni¬ 
versity of Cuenca, Ecuador, after a 
brief visit to Washington, D. C., will 
make a tour of medical schools and 
centers throughout the country to 
confer with colleagues in his field. 

Yngvc Ohman, of the Stockholm 
Observatory at Salts,!obaden, Swe¬ 
den, holds a research associate ap¬ 
pointment at the High Altitude Ob¬ 
servatory of Harvard University and 
the University of Colorado at Boul¬ 
der. Dr. Ohman will continue his 
research at the observatory until 
October. 

Grants and Awards 

The 1949 Gold Medal of the 
American Society for Metala will 
be presented to Edgar C. Bain, vice 
president of Carnegie-IlUnoU Stool 
Company, on October 20, during the 
31st National Metal Congress and 
Exposition. 

The $1,000 Eli Lilly Award in 
Biological Chemistry has been 
granted to Irving M. Kioto, asso¬ 
ciate professor of chemistry at 
Northwestern University, Dr, Kioto 
is being honored for his research on 
proteins. The award will be pre¬ 
sented on September 19, at the At¬ 
lantic City meeting of the American 
Chemical Society. 

The Geological Society bt South 
Africa has extended an invitation of 


membership to George B. Barbour, 
dean of the College of Liberal Arts 
at the University of Cincinnati. The 
society is honoring Dr. Barbour for 
his research in South Africa on pre¬ 
historic man. 

The 1949 Award of Merit of the 
American Hospital Association 
was granted to Claude W. Munger, 
former director of St. Luke's Hos¬ 
pital in New York. Dr. Munger is 
a former president of both the asso¬ 
ciation and the American College of 
Hospital Administrators. 

The Francis J. Clamer Medal 
of the Franklin Institute of Penn* 
sylvania has been awarded to Wil¬ 
liam Hume-Rothery, lecturer in 
metallurgical chemistry at Oxford, in 
recognition of his work in deter¬ 
mining and interpretiug the struc¬ 
ture and behavior of metallic equi¬ 
librium systems. 

Fellowships 

Five $1,500 predoctoral fellow¬ 
ships for the study of the applica¬ 
tions and implications of atomic 
energy are available at the Univer¬ 
sity of Michigan for 1949-50. Ap¬ 
plications will be accepted through 
August 10 and appointments will be 
made by September 1. Appropriate 
research for the fellowships should 
fall into one of the following divi¬ 
sions : the use of radioactive isotopes 
in biological, physical, and engi¬ 
neering sciences; tbb physical, 
mathematical, or chemical aspects of 
nuclear theory; the social, philo¬ 
sophical, legal, or economic aspects 
of nuelear energy; and educational 
needs of this field. Inquiries may 
be addressed to Dean Ralph A. 
Sawyer, Horace H. Rackham School 
of Graduate Studies, University of 
Michigan, Ann Arbor, Michigan. 

The Department of Biology of 
Emory University, Georgia, has in¬ 
augurated a graduate program in 
biology Involving advanced studies 
and research leading to the Ph.D. 
degree. The program represents an 
enlargement of the graduate pro¬ 
gram of studies leading to the M.A. 
degree, which has been offered in 
biology at the university for 80 
years. Special emphasis will be 
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placed an cellular biology. Two 
nine-month fellowships for Ph.l). 
candidates are available, one of $V 
200 and another of $1,000. Several 
fellowships and assistants!) ips with 
stipends of $900 are available at the 
M.A. level. 

The National Research Council's 
Committee on Growth, acting for 
the American Cancer Society, is ac- 
cep ting applications for grants and 
fellowships. Applications for new 
grants in cancer research are ac¬ 
ceptable until October 1. Investi¬ 
gators now receiving grants will be 
notified regarding applications for 
extension. Finnl decisions on appli¬ 
cations will be made in most cases 
soon after February 1, 1950, and 
grants approved nt that time will be¬ 
come effective July 1. Fellowship 
applications may be submitted at 
any time. Those received prior to 
November 1 will be aeted upon by 
the committee in December, those 
received between November 1 and 
March, in April. Fellowships will 
begin July 1, 1950, unless otherwise 
indicated by the applicant. Com¬ 
munications should be addressed to 
the Executive Secretary, Committee 
on Growth, National Research Coun¬ 
cil, 2101 Constitution Avenue, Wash¬ 
ington 25, D. C. 

Colleges and Universities 

Columbia, Harvard, Princeton, 
and Yale Universities will receive 
$150,000 each for scientific educa¬ 
tion and research during the aca¬ 
demic year 1949-50 under the first 
distribution of the $34,000,000 
Eugene Higgins Scientific Trust. 

At Columbia, the largest single al¬ 
location of the initial grant will be 
used for work on nuclear, atomic, 
and molecular physics in the Pupin 
Laboratories, and at the new cyclo¬ 
tron plant, (it Nevis. The Harvard 
program will include expansion of 
basic research projects in medicine 
and ,dental medicine. Princeton's 
Departments of Science and Engi¬ 
neering will use the funds for sup¬ 
port and expansion of research proj¬ 
ect* in physical and analytical cksm- 
ictry:, and chemical and electrical 
Sneering. The Yale grant will be 
...<fce fidds of medical research, 


including a major project in micro¬ 
biology. 

The Higgins Scientific Trust was 
established by the late Eugene Hig¬ 
gins, son of a pioneer textile manu¬ 
facturer. Benjamin Strong, presi¬ 
dent of the United States Trust Com¬ 
pany of Now York, ia^hairman of 
the board of control, which is com¬ 
posed of the presidents of the four 
beneficiary universities. 

Ohio State University has re¬ 
ceived a gift of $9,000 from the 
Edward Orton, Jr. Ceramic Founda¬ 
tion for research in ceramic engineer¬ 
ing. The study will be conducted 
by H. G. Wolfram, former vice 
president of Pemco Corporation, 
Baltimore, Maryland, manufacturers 
of porcelain enamels, who will join 
the university's Department of 
Ceramic Engineering as research as- 
sociate. 

Meetings and Elections 

The American Institute of 
Chemical Engineers will hold a 
regional conference in Montreal, 
Canada, September 6-9. The pro¬ 
gram will include discussion of 
Canadian natural resources, the eco¬ 
nomic significance of Newfoundland, 
the development of water power, and 
the aluminum industry. Papers on 
oil technology and metallurgy will 
also be presented. A complete pro¬ 
gram can be obtained from the 
American Institute of Chemical 
Engineers, 120 East 41st Street, New 
York City 17. 

Thermodynamics in physical 
metallurgy will be the subject of a 
two-day symposium, sponsored by 
the American Society for Metals, to 
be held October 15-16 in Cleveland F s 
Public Auditorium preceding the 
opening of the 31st annual National 
Metal Congress and Exposition, Oc¬ 
tober 17-21, Clarence Zener, pro¬ 
fessor of physics, Institute for the 
Study of Metals, University of Chi¬ 
cago, is chairman of the symposium 
series and will speak on the “Con¬ 
tributions of Statistical Mechanics ' * 
during the morning session, October 
16. Among the other participating 
scientists are B* W. Bridgman, Hollis 
Professor of Mathematics, Harvard 
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University; A. W. Lawson, associate 
professor of physics, Institute for 
the Study of Metals, University of 
Chicago j John Cbipman, professor 
and head of the Department of 
Metallurgy, Massachusetts Institute 
of Technology; and Frederick Seite, 
professor and head of the I apart¬ 
ment of physics, Carnegie Institute 
of Technology. 

A symposium on small angle 
X-ray scattering) will be held nt the 
University of Missouri in Columbia, 
on October 21 and 22. Contributed 
papers will be welcomed. The ten¬ 
tative schedule thus far includes pa¬ 
pers by It. D. Dragsdorf, A. Heyn, 
P. J. Kaesberg, P. C. Sharrah, G. 
Vineyard, and K. L. Yudowitch. On 
October 21, P. Debye, of Cornell Uni¬ 
versity, will give an O. M. Stewart, 
Lecture on “The Interpretation of 
Scattering Experiments in Terms of 
Structure , 99 in which he will include 
references to recent work on light 
scattering. Those who are interested 
in attending the symposium or in 
presenting a contributed paper 
should write to Prof. George II. 
Vineyard, Department of Physics, 
University of Missouri, Columbia. 

The 96th convention of the Elec¬ 
trochemical Society will be held at 
the La Salle Hotel, Chicago, October 
12-16. Symposia on electrodeposi¬ 
tion, corrosion, and organic electro¬ 
chemistry, and special round table 
sessions on batteries and organic 
electrochemistry are being scheduled. 
Additional information may be ob¬ 
tained by writing to Henry B, Lin¬ 
ford, Secretary of the Electrochemi¬ 
cal Society, 236 West 102nd Street, 
New York 26. 

The annual meeting of the Ameri¬ 
can Society for the Study of Arteri¬ 
osclerosis will be held November 6-7 
at Hotel Knickerbocker, Chicago. 
Information may be obtained from 
Cowles E. Andrus, Program Chair¬ 
man, 24 East Eager Street, Balti¬ 
more, Maryland. 

The Annual Conference of Mid* 
western Parasitologists elected the 
following officers for 1949-50 at its 
first conference, held at the Uni¬ 
versity of Wisconsin June 20-21; 
pwMJng o«wr, B* V. Bangham, 
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Wooster College; secretary-treasurer, 
B. J, Porter, University of Michigan, 

Autocorrelation. Because of the 
extensive interest in uses of auto¬ 
correlation analysis for scientific 
problems, the Woods Hole Oceano¬ 
graphic Institution organized a sym¬ 
posium for the Office of Naval Re¬ 
search on June 13 and 14. The 
purpose of the conference was to 
present and in terprot * results of ap¬ 
plications of the relatively new and 
powerful method of autocorrelation 
analysis of finite amounts of data. 
Hi nee the applied mathematician has 
the job of solving the problem ns it 
comes to him from nature, he must 
generally modify the mathematical 
methods he proposes to use in such 
a fashion ns to fit the data. For 
instance, in the case of time records 
of natural phenomena, the resulting 
time series is not stationary, its 
mean is usually not zero, and the 
series is seldom long enough to be 
considered infinite. Consequently, 
experimentation with theoretical 
mathematical procedures is essential 
if the resulting representation is to 
possess physical significance. It is, 
for instance, the application of cer 
tain mathematical procedures to 
time series analysis, where the theo 
retiesl conditions are not fulfilled, 
that has resulted in claims of a be 
wildering variety of periods or cycles 
which cannot be substantiated. 

The underlying concept of auto 
correlation analysis is that the be¬ 
havior of a physical phenomenon, 
and of the dynamics causing it, is 
directly associated with the problem 
of predicting the future course of 
a time aeries from its past behavior. 
Also, the distance into the future 
which the phenomenon may be ac¬ 
curately forecasted gives an indica¬ 
tion of the amount of dynamics 
associated with the phenomenon 
itself. This procedure is to be dis¬ 
tinguished from one in which a 
mathematical theory is set up, as, 
for instance, that obtained by ap¬ 
plication of periodogram or Fourier 
series analysis to time series* but 
which Will have a physical signifi¬ 
cance only if it can be extrapolated 
tato the f ntnre. ,•? . 

andsyalaf ie**em¬ 


ployed both as a prediction mecha¬ 
nism and as a means of generalised 
harmonic analysis. The correlogram 
nnd the Fourier transform, of the 
autocorrelation function* into power 
spectra serve to describe finite 
amounts of basic data by measuring 
the physical properties of period, 
amplitude and damping coefficients. 
It can he shown that the autocorre¬ 
lation function may be obtained 
from the spectrum of the series, 
and the spectrum may also be ob¬ 
tained from the autocorrelation 
function. 

Edwiu B. Wilson acted as chair 
man during the two-dny session at 
Woods Hole. Papers were given by 
Edwin B. Wilson. T. W. Lee, David 
Middleton, G. P Floyd, John W. 
Tukoy, Philip Rudnick, A. T. Me- 
Nish, George P. Wadsworth, Carl 
Eckart, and H. R. Hciwell. The pro 
ceedinga were recorded and are in 
process of editing for publication. 

H. R. Briwew. 


Committee of the National 
Academy of Sciences on the In¬ 
vestigation of Cortisone. The 

recent publication by Hench, Ken¬ 
dall, Slocumb, and Pol ley of the 
dramatic effectiveness of the udrcnul 
cortical steroid, Cortisone (first iso¬ 
lated by E. C. Kendall), in the 
treatment of rheumatoid arthritis 
has posed an important problem of 
distributing the very limited h mount 
of that substance which will be ob¬ 
tainable during the remainder of 
this year. Originally obtained from 
the cortex of the adrenal gland, it 
is now being prepared synthetically 
from a bile acid. While the value 
of Cortisone in controlling the symp¬ 
toms of rheumatoid arthritis is re¬ 
garded as established, much remains 
to be learned concerning its possible 
untoward effects, its usefulness in 
other diseases, and the mechanism 
of its action. It has been decided, 
therefore, that the small amount 
which can be made during the last 
five months of 1940 shall be used 
only for clinical and experimental 
researcli. It will be made available 
to those investigators who are in ihe 
best position to provide the infor¬ 


mation vitally needed to insure its 
safe and effective use. 

The Research Corporation, a non¬ 
profit organisation which administers 
patents in the interest of public wel 
fare and for the furtherance of sci 
entifle research, has aided in the 
development of the synthetic proc¬ 
esses for making Cortisone. The 
corporation will continue to further 
the development of these processes 
and to stimulate research on the 
mechanisms of action of the com 
pound. In fulfilling these functions, 
the Research Corporation has re¬ 
quested the president of the Na¬ 
tional Academy of Sciences to ap¬ 
point a Committee on Investigation 
of Cortisone, with assurance that its 
recommendations will be accepted as 
final with respect to all of the avail¬ 
able 1949 supply. 

The membership of the committee, 
appointed with the sanction of the 
Council of the Academy, is as fol 
lows: Chester 8. Keefer, chairman; 
Hans T. Olarke, E. A, Doisy, Robert 
F, Loeb, C. N. H. Long, E. K. Mar¬ 
shall, Jr., Joseph T. Wearn, David 
E. Price has been appointed by the 
Acting Burgeon General to act as 
liaison between the committee und 
the U. 8. Public Health Service. 

The committee is planning ar¬ 
rangements designed to utilize to the 
fullest possible extent the resources 
of the National Research Council 
and tlie information and advice of 
experienced and competent investi¬ 
gators in the United States and 
Canada. Not only wRl the fields of 
rheumatism and other diseases for 
which relief may be anticipated con¬ 
tinue to be investigated, but also 
fields of physiology and pharma¬ 
cology which are basic to fuller 
understanding and further advance. 

While the Academy has no funds 
with which to buy Cortisone or to 
support investigations, it is confi¬ 
dently expected that tlie needed 
funds will become available from 
both public and private sources. 

The Academy committee has ac¬ 
cepted this responsibility because of 
the deep conviction that a new dis¬ 
covery of the greatest importance 
to tike health and welfare of count¬ 
less people has been nmde and tfcat 
it is vital to promote its most sapid 


154 


and intelligent development. 

Applications fbr a supply of Cor 
tlftone must be submitted on a form 
that can be obtained from the chair¬ 
man of the committee, Dr. Chester 
8. Keefer, 2101 Constitution Avenue, 
Washington 25, D. C. It must be 
emphasised that consideration will 
be given only to roqueste from in¬ 
stitutions where adequate facilities 
for investigation and clinical control 
are available. 

The Atomic Energy Commission 

has announced that cyclotron-pro¬ 
duced radioisotopes are to be made 
available to U. 8. researchers, to 
augment the present distribution of 
isotopes produced by the Oak Ridge 
pile. Although the pile far surpasses 
the cyclotron in quantity production, 
the cyclotron produces a wider var¬ 
iety of isotopes. Because no one 
laboratory can satisfy the demand 
without seriously interfering with 
its research program, arrangements 
for irradiation will be made with a 
number of institutions. 

The initial group will include the 
Massachusetts Institute of Technol¬ 
ogy, the University of Pittsburgh, 
Washington University at 8t. Louis, 
and the Crocker Radiation Labora¬ 
tory at the University of California. 
The Department of Terrestrial Mag¬ 
netism of the Carnegie Institution 
will participate in the general pro¬ 
gram. 

Processing of irradiated targets 
will he carried out by the Oak Bidge 
National Laboratory, in facilities al¬ 
ready provided for handling reactor- 
produced isotopes, and the com¬ 
mission’s Isotopes Division will 
handle allocation. Cyclotron-pro¬ 
duced isotopes are relatively costly 
and the commission will subsidize the 
program to some extent. All iso¬ 
topes are made available free of 
production charges for cancer re¬ 
search. 

At first only isotopes having half- 
lives of more than thirty days will 
be distributed. Included in this 
group are; 43-day beryllium 7, 3- 
year sodium 22, 44-day iron 50, 4- 
year iron 56, 250-day zinc 65, 90- 
day arsenic 68, and 66-day iodine 
i®5. Others will be added later. 

Distribution under the new pro- 
tram will be limited to the tX. 8. 
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Itccause cyclotrons are in operation 
in many other countries and the iso¬ 
topes they produce are more readily 
available abroad than pile-produced 
isotopes. 

Judges in the Third Annual In¬ 
ternational Photography-in-Sci- 
ence Salon were mmouneed today 
by The Scientific Monthly, which, in 
cooperation with the Smithsonian 
Institution, sponsors this annual con¬ 
test. Merle A. Tuve, of the Carnegie 
Institution, will be the judge for the 
physical sciences; Ronald Bamford, 
of the Department of Botany, Uni¬ 
versity of Maryland, for the biologi¬ 
cal sciences; A. A. Teeter, recently 
of Charles Pfizer & Company, New 
York City, for chemistry; Emanuel 
Krimsky, of Polyclinic Hospital, 
New York City, for the medical sci¬ 
ences; and Alexander J. Wedder- 
burn, of the Graphic Arts Division, 
Smithsonian Institution, for photog¬ 
raphy. 

Entries in the competition, which 
was established to encourage and ex¬ 
tend the use of photography as a 
busic research tool, will be received 
by the Editor of The Scientific 
Monthly , 1515 Massachusetts Ave¬ 
nue, N.W,, Washington, D. C. f from 
August 24 to September 14, 1049. 

First, second, and third awards 
and five honorable mentions will be 
given in each of two divisions, black- 
and-white and color. The Judging 
Committee will consider the initia¬ 
tive, originality, and results obtained 
more than the composition and pic¬ 
torial quality. All photographs must 
be taken for scientific purposes. 

The prints selected for awards and 
display will be shown at the U. 8. 
National Museum during October 
1049, and at the New York Meeting 
of the A A AS, December 26-31,1940. 
They will then go on a tour of im¬ 
portant scientific institutions in this 
country and abroad. 

A contribution to the CARE 
book program to replace scientific, 
professional, and technical books 
lost during the war years in Europe 
and Asia (see Science, July 22, p, 
106) has been proposed in bills S. 
1996 and H. R> 6166, recently re¬ 
ferred to the 'Senate Armed Services 
Committee and the House Foreign 
Affairs Committee. The contribu¬ 
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tion is to be in an amount eqi&l to 
a fund which was created during the 
war out of wages earned by con¬ 
scientious objectors, working on 
farms and in hospitals. The wages 
were paid to the Treasury, where 
they were kept in a special deposit 
until the end of the war. On Hard; 
7, 1947, the fund, totaling $1,245,- 
018, was listed as miscellaneous re¬ 
ceipts by the Treasury and tech¬ 
nically, therefore, no longer existed 
as a separate I fund. The Comptrol¬ 
ler General ruled that the payments 
belonged to the United States but, 
since they were not collected from 
taxes, the Treasury Department indi¬ 
cated no objection to the appropria¬ 
tion of the fund for relief purposes, 
which is the preference expressed in 
an informal poll among the men 
whose earnings created the fund. In 
1949 the National Service Board 
for Religious Objectors, after ex¬ 
amination of the CARE Book Pro¬ 
gram, requested the use of this fund 
for replacement of war-destroyed 
books, as provided in the proposed 
legislation. 

Recently Received— 

Clinical Problems of Advancing 
Years. (Symposium presented by 
Smith, Kline A French Labora¬ 
tories.) Smith, Kline A French, 
Philadelphia 1, Pa. 

Our Dwindling Resources (articles 
relating to scientific conservation 
of America’s resources as reprinted 
from Monsanto Magazine). Mon¬ 
santo Chemical Company, St. Louis 
4, Mo. 

Hybrid Com (Maize) in Theory and 
Practice by Gordon Haskell. John 
Innes Horticulture Institution, 
Merton Park, London, S.W.19, 
England. $1.00. 

Make Plans for-*- 

Meteoritical Society, 12th annual 
meeting, September 6-7, University 
of Southern California, Los An¬ 
geles. 

American Psychological Asso¬ 
ciation, September 6-10, Shirley Sa¬ 
voy Hotel, Denver, Colorado, 

Biological Photographic Asso¬ 
ciation, 19th annual meeting, Sep¬ 
tember 7-10, Hotel Cleveland, Cleve¬ 
land; Ohio. 
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New Screw Thread Standards 

E. G. Wertheimer 

Sterling Bolt Company, Chicago 


O N NOVEMBER 18, 1948, a j>roup ol dia- 
tingirished gentlemen representing govern¬ 
mental bureaus, engineering and standards 
associations, and industries of Great Britain, Canada, 
and the United States signed an important document. 
That document, was the Declaration of Accord with 
respect to the Unification of Screw Threads and is 
reproduced here (Fig. 1). 
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Announcement of the signing was made in a few 
daily newspapers and national magazines. Since then 
the public seems to have forgotten it, screws and screw 
threads apparently being so prosaic as to invite only 
passing interest. There was nothing about the event 
to make it as dramatic ns nuclear fission, atomic 
energy, a test for detecting the presence of cancer, or 
jet propulsion, and yet its effects are momentous. 

Screw threads are essential to the mechanisms and 
structures of our modern technologic society. One has 
only to think bow many objects in his immediate sur¬ 
roundings are held together by bolts, nuts, and screws 
to realise the great number of industries that are in¬ 
volved. Almost all assembly line and durable goods 
industries are affected by the new standards. 


The first attempt at a standard thread form was 
made about a hundred years ago by a British tool¬ 
maker named Joseph Whitworth. British industry 
adopted this standard in 1841 or about then and it 
became known as the British Whitworth Thread. It 
is distinguished from the thread we have used in this 
country by its 55° thread angle nnd its rounded crest 
and root as shown in the contour sketch, Fig. 2. 

In 1864 a Philadelphian by the name of William 
Sellers urged the Franklin Institute of that city to 
establish and adopt a different design of thread. A 
number of contentions were advanced to demonstrate 


y <—> 
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why the Sellers thread was a better one for our in¬ 
dustry. It whs subsequently adopted as the standard 
for the United States and has been known recently 
as the American National Thread. It is principally 
distinguished from the British Whitworth Thread by 
its 60° thread angle and its flat crest and root as 
shown in contour in Fig. 3. 

It is not necessary to discuss many of the scientific 
nnd engineering factors which reacted against each 
other when an attempt was made to interchange prod¬ 
ucts made in accordance with the two systems. The 
interference is self-evident in a comparison of Figs. 
2 and 3. It is this lack of interchangeability that 
caused so many difficulties over the years, not only 
here but in Britain and Canada as well. Canada suf¬ 
fered doubly because its trade and commerce were of 
such a nature as to require some products to be adapt¬ 
able to either one of the standards. 

It is natural for a group of people to consider its 
own particular product, principal, or standard to be 
the best. For years Britain insisted upon requiring 
the use of a 55° thread and the United States was 
just as insistent upon a 60° thread. The loss in trade 
between the two countries, where threads or threaded 
fasteners were important, has never been measured. 
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The need for adjusting these differences between the 
two systems must hove been written and talked about 
almost from the very moment we adopted the Sellers 
thread. For years, however, nothing much was done 
about it It has taken two world wars to bring all 
parties to the realization that action was necessary. 

There are some appalling stories about the loss of 
time and money incurred by Allied nations because of 
non interchangeable screw threads. It has been said 
that it took us ten months to start manufacture of 
the British Rolls Royce engine. Supposedly, most of 
that time was lost because our factories had to be spe¬ 
cially set up to produce the British thread. Another 
story has it that it took six months to adapt the Bofors 
gun to American manufacture, largely because of 
thread differences. It has been estimated that the 
differences between tho British and American threads 
cost the recent war effort no less than a hundred mil¬ 
lion dollars. That statement, if true, bocomes all the 
more realistic when we think of it in terms of time, 
effort, and blood. These examples represent a very 
few of the serious situations which finally brought 
about the signing of the Declaration of Accord. 

In fairness to all concerned, however, we owe a debtf 
of sincere gratitude to the early leaders in the screw 
thread movement. Those old systems stood the teat 
of time for over 75 years. 

In the United States there has been, over the years, 
a great deal of criticism of our system* In developing 
the new standards, careful consideration was given to 
these complaints, and where possible the objectionable 
features were avoided. The new standards therefore 


serve a twofold purpose in providing a unified screw 
thread, interchangeable among Britain, Canada, and* 
the United States, and in overcoming many of the 
other objections to the old standards. 

It is important to note that these new standards 
resulted from a cooperative attack on the problem by 
th* three governments, the producers of threaded 
urticles and tools, and the consumers of such articles. 
All interests were represented. Numerous bodies, 
such as governmental bureaus and trade associations,* 
other than those specifically mentipued in the Decla¬ 
ration of Accord, have participated over the years in 
this program. 

The new standard is known as the Unified Thread 
and Fig. 4 indicates its characteristics for both in¬ 
ternal and external threads. In comparing Fig. 4 
with Figs. 2 and 3 it is immediately evident that the 
new form is a compromise. Certain characteristics of 
both the Sellers and the Whitworth forms are evident. 

Note that the new thread form does not differ too 
greatly from the old American National form. The 
thread angle is the same—60°. The principal differ¬ 
ence is at the thread root in the external thread, which 
is shown rounded rather than flat-bottomed. This 
round form is not mandatory with new tools. At the 
crest of the external thread, it will be noted that two 
forniB are shown. One is rounded, which is the form 
preferied by the British, and will be published in their 
standards. The other is flat, which is preferred by the 
United States and will be shown in the American 
publication. 

The various classes of thread provided in the new 
standards, while similar in form, differ principally by 
the amount of pitch diameter tolerance and allowance 
specified. These classes are: 

External thread Internal thread 

1A (Allowance) . IB 

2A (Allowance) . 2B 

3A... SB 

2 . 2 

3 . 3 

Generally speaking, classes 1A and IB will find 
their greatest application in Britain among the so- 
called black bolt manufacturers. In this country their 
greatest application will be for ordnance work, plastic 
molded threads, or die cast threads. Classes 2A and 
2B will be the recognized standards for normal pro¬ 
duction of bolts, nuts, and screws. Classes 3A and 
3B are included to provide for close tolerance work. 
These classes are expected eventually to replace classes 
2 and 3, which were the standards largely in use prior 
to the signing of the Declaration of Accord. These 
two latter classes are not unified threads, but have been 
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retained in the standards because of their widespread 
current usage. They will continue to serve through 
the difficult transition period from the old to the new 
standards. 

The new standard thread dimensions overcome 
various faults found in the old system. The old 
standards took into consideration only one variable— 
thread pitch. The new standards consider at least 
two additional variables, namely, basic major diameter 
and length of engagement. 

The tolerances und allowances of the unified threads, 
classes 1A, 2A, 3A, IB, 2B, and 3B, are based uni¬ 
formly upon a new empirical formula. It was devel¬ 
oped through a study by fastener manufacturers and 
represents normal accuracy in present-day threading 
practice. This formula contains a multiplying factor, 
C, which is introduced to pro portion the formula for 
the various classes of thread. Inspection of this 
formula will show that the toleranoe or allowance 
depends upon three variables: the major diameter, 
length of engagement, and pitch of the thread. 

The following formula is applied in setting up al¬ 
lowances on all diameters and tolerances on pitch 
diameter of the unified classes of threads: 

Tolerance {or allowance) - 

C( 0.0015 <JD + 0.0015 VI* + 0.015 VP 2 > • 

Where C - factor for each allowance or tolerance, 

D - basic major diameter, 

Le = length of engagement, and 
p = pitch. 


Factor C 

Class For tolerance For allowance 

1A. 1,500 . 0.300 

IB. 1.950 . 

2A. 1.000 . 0.300 

2B. 1.300 . 

3A. 0.750 . 0.000 


3B. 0.975 . 

As the list of class designations shows, there is an 
allowance in classes 1A and 2A. 

For years users of threaded articles have been 
plagued with the metal to-metal contact between in¬ 
ternal und external threads under the maximum metal 
conditions permitted in the old standards. The al¬ 
lowance in the new standard is actually a small air 
gap or neutral clearance between mated internal and 
external threads, even under maximum metal condi¬ 
tions. This air gap is so small as to have practically 
no effect upon the strength of mated members, yet it 
serves a useful purpose. The mass production as¬ 
sembly line industries in particular will be grateful 
for this allowance. Some of its advantages are: 

1. It facilitates high cycle wrenching. In the past 
it has not been unusual to develop heat through fric¬ 



Fio. 5. Tolerances, allowance, and crest den ranees Tor 
classes 1A. IB, 2A. and 2B. 

tion, when power wrenches are used. This often 
caused the internal member to expand, and galling 
and seizure of the thrends resulted. 

2. The allowance solves the problem of interference 
between muted members due to plating. 

3. Handling of threaded articles, such as bolts, 
nuts, and screws, occasionally results in the burring 
and nicking of threads. The producer’s plant may 
contribute a few burrs and these are added to by the 
wholesaler, the retailer, and finally the consumer. Ex 
cessive burrs formerly caused interference between 
threaded parts to be mated, but the allowance in the 
new standard eliminates the interference. 

4. Much of the freezing of threads under condi¬ 
tions of elevated temperatures will be avoided. 

Fig. 5 goes into greater detail ns to the genera! 
contour of the new thread and shows tolerances, al¬ 
lowance, and crest clearances for classes 1A, IB, 2A, 
and 2B. 

No attempt is being made here to delve into the 
intricacies of screw thread theory. The scientific and 
engineering aspects have been in good hands and the 
new standard tables speak for themselves in this re¬ 
spect. Several articles have been published on these 
phases of the problem (1^5). 

The most widely used thread class for bolts, nuts, 
and screws in the old standard is designated as dass 
2. Its related classes in the new standard are 2A for 
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Fm. A. Comparison of j>roaont titan duril clans 2 pitch <11- 
umeter tolerances with the new standard claws 2A And 2B 
for 1-13 national coarse thread. 


external threads, such ns on bolts and screws, and 
class 2B for internal threads, such as on nuts. Fig. 6 
gives a clear graphical example of the difference be¬ 
tween the old and the new standards. This difference 
in shown for one size only, that is i inch, 13 threads 
per inch. 

Tables have been compiled for the new standards, 
covering every conceivable screw dimension for every 
size and class of fit, and every thread pitch series. 
For example, the limiting dimensions for the i -inch- 
diameter, 20-threads-per-ineh, coarse Unified and 
American Thread Series, class 2A, for external 
threads, are: 


Size 


i inch 


Threads per inch 

Thread symbol 

Allowance 

Major diameter limits— 
maximum 

Major diameter limits— 
minimum A 

Major diameter limits. 

minimum B 

Major diameter 
tolerance A 

Major diameter 
tolerance B 

Pitch diameter limits— 
maximum 

Pitch diameter limits— 
minimum 

Pitch diameter tolerance 

Minor diameter maxi¬ 
mum 


20 

UNC2A 

0 . 001 ] 

0.2489 

0.2408 for finished and 
semifinished items 
0.2367 for unfinished items 

0.0081 for finished and 
semifinished items 
0.0122 for unfinished items 

0.2164 

0.2127 

0.0037 

0.1876 


These few figures serve as an indication of the great 
amount of engineering, mathematical, and editorial 


work thut went into the tables. It is little wonder 
t hat it took so many years to accomplish the task. 

The impact of a change such as this one could very 
well upset the economy of the producer, distributor, 
and consumer of threaded articles. These three 
groups represent possibly 90 percent of the world’s 
tAde and commerce in manufactured durable articles. 
An approach to such a world-wide problem calls for 
extreme caution. The three principally affected 
groups ure now faced with the problem of placing the 
new standards in effect. Howevel*, the job cannot be 
done fully in a month or a year. It has been esti¬ 
mated that it may take five yearn from the time of 
publication of the new tables to complete the conver¬ 
sion. 

The producer .of threaded fasteners and articles 
must produce and purchase the necessary new tools, 



Fio. 7, Modern nerew Hi mu! roll lug machine, 
dies, and gauges. If hia operations are broad, he may 
be manufacturing in accordance with both the old and 
the new standards at the same time, but during the 
transition period he will gradually increase produc¬ 
tion of new standard parts and decrease production 
of the old. He will have products made with both 
standards in bis inventory at the same time. It is 
fortunate indeed that the old standard threaded fas¬ 
teners are interchangeable with the related new stand¬ 
ard counterpart. If this were not true there would 
indeed be chaos. A photograph of a modern thread 
rolling machine, upon which will fall the burden of 
producing the new standard threads on bolts and 
screws, is shown in Fig. 7. 

The distributor's problem is somewhat simpler, in 
that he will only need to cope with his inventory, 
which will contain some of the old stand&rd parts and 
some of th« new during the transition period. Hare 
again, the problem is minimized because of the inter¬ 
changeability of the old and tho new. 
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The consumer is the man who buys threaded fas- The entire problem resolves itself into the elements 


toner* or threaded articles to be assembled in his 
plant into manufactured durable goods—automobiles 
radios, washing machines, and any number of other 
articles. He too Jins a problem during the transition 
period. His inspection will need to cover either the 
old or new standard. His warehousing, manufactur¬ 
ing, and assembly operations will need to be flexible 
to accommodate both standards. He will find it ex¬ 
pedient to accept purchased articles, during the transi¬ 
tion period, which may have been produced in accord¬ 
ance with either the old or the new standard. His 
inspectors will no doubt be instructed to accept either 
standard during the transition period, regardless of 
which specific standard may have been ordered. It 
would be simple, from the consumer's standpoint, if 
on a certain day he could discontinue using the old 
and start using only new standard threaded articles, 
but this is obviously impractical. Whut might have 
been a complex transition, however, is made easier by 
the interchangeability of the old and new standard 
articles. 


Solar Eruption of May 10,1949 

A. H. Shapley and R. M, Davis, Jr. 

National Bureau of Standards 

IN OUTSTANDING SOLAR FLARE and its 
effects on the ionosphere were observed in un- 
X V USUft l detail on May 10, 1949, at the Sterling 
Field Station of the National Bureau of Standards. 
In addition to the usual magnetic variation and con¬ 
tinuous wave radio field intensity observations that 
are always in progress, data were also obtained with 
solar noise radiometers (Wurzberg) at 480 and 160 
megacycles, and rapid sequence, vertical incidence 
multifrequency (h'rf) observations of the ionosphere, 
Preliminary determinations of the times of significant 
activity have been communicated by Helen Dodson, 
of the McMfith-Hulbert Observatory, who estimates 
the flare as of importance 3+, the greatest reportable 
on the scale of the International Astronomical Union. 

All observations of the eruption and its absorption 
effects show that it began between 20 : 00 and 20: 03 
Universal Time (see Table 1). The solar burst of 
radio noise seems to have been detected before any 
terrestrial effect. Estimated errors in time determi¬ 
nation arc £0,25 minute for solar noise observations, 


of time, patience, and money. The time, as noted, 
may be as much as five years, and the patience of 
both producers and consumers will be tested during 
this transition. The money is a real consideration— 
many thousands of dollars will have to be spent on 
new standard tools, dies, and gauges, on product iden¬ 
tification, and on storage systems. 

The new standards offer so many advantages to 
everyone concerned that they will be placed in effect 
as quickly as possible by all producers and users of 
threaded articles. Requests for new standard threaded 
fasteners are already being received from some of the 
leading national industries. The wheels of industry 
have been set in motion to accomplish this gigantic 
task and it may be completed much sooner than we 
expect. 
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nnd ±1 minute for ionospheric measurements. The 
precision of the McMath estimntes is not known. The 
maximum effect was reached for all types of obser¬ 
vation of the phenomenon at between 20:10.5 and 
20:12.5; again the solar burst attained maximum first. 
The duration of the extremely intense portion of the 
solar noise burst lasted only two or three minutes. 
The severe ionospheric absorption effects lasted con¬ 
siderably longer, the duration being greatest for ob¬ 
lique incidence paths. 

The intensity of the noise burst, presumably ema¬ 
nating from the small visibly active area, was about 
290 times the normal energy output of the entire disk 
of the quiet sun on 160 megacycles, while the intensi¬ 
fication on 480 megacycles was probably 1000 times 
the background radiation. The mirror and antenna 
of the 480-megacycle radiometer were not set directly 
on the sun at the time of maximum of the burst, so 
that the value given is an estimate; the possible range 
of intensification ratio appears to be between 800 and 
1550. This is the strongest burst observed tbns fxr 
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with these radiometers. Minor bursts previously ob- ginning of the brief disturbance, or “crochet,” which, 
served with these instruments have yielded the larger appears in the magnetic recordings, is aligned with 
ratio at 160 megacycles. the other phenomena; no maximum can be defined. 

TABUS 1 


Summary or 8olah-Tbbrbstriai. Phenomena or May 10, 1040 

__S__ 


Phenomenon 

Time of 
beginning 
U.T. 

Time of 
muximum 
U.T. 

First stage 
of recovery 
U.T. 

He turn to 
normal 
tJ.T. 

Item arks 

H b dare 

2 Oh 02 m 

20hllm 

20h30m 

After 

221i20m 

I 

Importance 3+ (preliminary 

Solar noise outburst 

20 00 

20 10.0 

20 11 

20 37 

estimates) 

Increase of solar radiation at 

100 megacycles 

Outburst 480 megacycles 

20 01 

20 10.0 

20 12 

20 58 

maximum of 200 times 

Intensification at maximum 

8.X, D, b'-f trace 

20 02 

20 11 

20 30 

After 

21 11 

order of 1000 

Absorption of vorlical Incidence 
signals up to 0.5 megacycles 

8,1,1). (Signal from tiLH, 

20 03 

20 12 

20 28 

21 10 

Decrease of 42 decibels 

England) 

8.I.D. (Signal from 

20 02 

20 11 

21 28 

22 00 

Decrease of 45 decibels 

WBXAL, OUlo) 

Magnetic crochet 

20 on 


20 30 

20 45 

Increase of 24 gammas in 


horizontal intensity 


The strongest outburst of energy occurred during 
the same period on the two frequencies. The phe¬ 
nomenon started abruptly on 480 megacycles (Fig. 1), 
with a 39-fold intensification in less than a minute. 
Thereafter the radiation increased in steps to the 
maximum. The initial postmaximum decrease was 
very abrupt. By contrast, on 160 megacycles the 
phenomenon begun gradually, and then there was a 
37-fold increase in about two minutes. Again de¬ 
crease was rapid. The field intensity records indicate 
a small increase in absorption at the start of the flare, 
followed within three or four minutes by the abrupt 
increase (sudden ionospheric disturbance), The be- 

480 Me, WURZBURG RADIOMETER 



tfw. X. Solar noUe burst at 480 megacycles, May 10, 


A secondary maximum of the 480-megacycle record 
at 20:18 coincides with a brief increase in the mini- 



Fig. 2. Multifrequency Ionospheric record at beginning 
of solar flare (left) and Ht stage of maximum absorption 
(right). 


mum frequency returned at vertical incidence (Fig. 
2). Otherwise none of the features of the postmaxi- 
mum solar records corresponds with details of the re¬ 
covery stage of the fadeout. The flare had subsided, 
but had not disappeared, by 22:20 on spectrohelio- 
grains taken in the light of the alpha line of hydrogen. 
The 480-megacycle solar noise became relatively quiet 
much earlier (by 20; 53), while on 100 megacycles, 
solar radiation was relatively steady after 20 : 37, 
though at an enhanced level and with minor fluctua¬ 
tions. Ionospheric absorption effects continued to be 
noticed as late as 23; 00 at the very lowest transmit¬ 
ting frequency; for higher frequencies the effect of 
the disturbance had disappeared soon after 21: 00. 

The flare was observed in a rather small sunspot 
region, with area only 450 millionths of the atm's 
visible hemisphere. Assuming that the radiation orig¬ 
inated entirely in this region implies that the intensity 
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of the source was 2 x 10° times as gTeat as the average 
energy from the entire disk at 480 megacycles. This 
region crossed the central solar meridian on May 11.5 
in latitude 18° S. An intense magnetic atom begun 
at 00: 24 May 12, 34 hours 22 minutes after the flare, 
during an interval when disturbance had been fore¬ 
cast by the Central Radio Propagation Laboratory. 

This occurrence supports previous evidence that 
great flares and severe fadeouts start very nearly 


simultaneously. The observation that the times of 
maximum intensity of the bursts of solar noise at 480 
and 160 megacycles coincide to within a few seconds 
differs from the condition observed with the lesser 
bursts. That this time of maximum intensity is also 
very nearly the time of maximum absorption is fur¬ 
ther evidence that the radiation which ionizes the ab¬ 
sorbing layer varies in intensity similarly to radiation 
in the H tt and the 480- and 160-megacycle regions. 


TECHNICAL PAPERS 


Low Temperature Studies with 
Colloidal Silicic Acid 

Fred Hazel, J. A. Parker, and Edgar Sckipper 

Department of Chemistry and Chemical Engineering, 
University of Pennsylvania , Philadelphia 

A number of observations have been made in this lab¬ 
oratory during the past two years pertaining to the 
thermal behavior of silica sols which appear to be re¬ 
lated to the properties of Ice. The following gives a 
brief summary of the findings. More detailed reports 
will be published elsewhere. 

The offoct of freezing on the stability of colloidal si¬ 
licic acid is known to bo related to pH (4). An exten¬ 
sion of the study to liquid air temperatures has revealed 
that the rate of thawing may have a profound effect with 
systems frozen at temperatures below about -55* C (e.g, 
at -65* or in liquid air). When thawed rnpidly by im¬ 
mersing the containing vessels (test tubes) in water at 
room temperature the oolloidnl system remains stable. 
However, when tho same system is thawed slowly in air 
at room temperaturo it coagulates. 

An explanation of this phenomenon may be that the 
ice lattice is more disordered when formed by rapid freez¬ 
ing below about -55° C than it is when formed above 
this temperature. Freezing tho colloidal system in liquid 
air produces a solid system which approaches an amor¬ 
phous condition (5). At temperatures higher than about 
-55* C tho iee lattice Is more ordorly and this causes 
the colloidal particles to be coagulated when they are 
crowded together into pockets. 

When the system described above is frozen by immer¬ 
sion in liquid air and thawed slowly, the solid state is 
retained long enough above - 55° C for well-defined crys¬ 
tals to fom, This results in the dehydration of the col¬ 
loidal particles in the pockets which serve as loci for 
cOfl^ttlatlQn* Under conditions of rapid thawing the 
more stable lattice does not have a favorable opportunity 


to form, hence freezing and thawing do not produce 
coagulation under these conditions. 

It has been demonstrated in a striking way that this 
fundamental change can occur in the solid state. A sol 
frozen in liquid air may be held for an undetermined 
length of time at temperatures below about -55* C (e.g. 
at - 65° or in liquid air), and it will not coagulate if it is 
thawed rupidly. However, when the sol is frozen in 
liquid air and then transferred to a temperature above 
-55° O, but substantially below the melting point, e.g. 
-35° O, and held at this temperature for 15 min it co- 
agulutcs irrespective of the rate of thawing. Fifteen 
min is a relatively short time and it is apparent that the 
disoriented lattice is metastablo with respect to the crys¬ 
talline lattice. 

These observations tend to clarify the reported be¬ 
havior of a variety of different systems and to strengthen 
the view that the properties of ice at different temper¬ 
atures may be a determining factor in the stability of a 
colloidal system. Thus, it has been reported that hemo¬ 
globin and vanadium pentoxide sols coagulate when 
frozen at -5% -15°, and -21° C but not at -190*0 
(I). The rate of thawing of synthetic rubber disper¬ 
sions frozen at -60* C has been found to have a similar 
marked effect on the amount of coagulation (5). 

It is tempting to correlate the behavior described with 
the fact that the dielectric constant of ice diminishes ab¬ 
ruptly at about -65* C (d). On the basis of free rota¬ 
tion of the water molecule, it can be said that, at about 
-65*C a polymorphic transition from a" fine iee struc¬ 
ture with a disoriented lattice (not a glassy state) to 
a more orderly lattice with a higher lattice energy occurs. 
It is the condition of the ice above -65*0 which is 
responsible foT the precipitation phenomena. The lattice 
energy under these conditions is sufficient to overcome 
the solvation energy. 

Additional information concerning this complex be¬ 
havior has been obtained by observing the freezing pre¬ 
cipitation in the presence of alkali metal halides. Some 
success has been had in correlating the affect of these 
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ions on orientation of the water molecule by hydration 
with their influence on the amount of coagulation during 
freezing. Aa predicted, coagulation varies with salt con¬ 
centration and gooa through a minimum at low concen¬ 
tration*. Under favorable conditions coagulation can be 
entirely inhibited. These effects would appear to have 
various biological applications. 
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Antithiamine Effect of Oxythiamine and 
Neopyrithiamine. A Comparative Study 1 

Albert J. Evsebi and Leopold R. Cerecedo 

Department of Biochemistry, Ford ham University t 
New York 

According to Wilson and Harris (S), pyrithiamine does 
not have the structure assigned to it. These workers have 
synthesized a new compound which they call “neopyri- 
thiamine , 1 * and which shows chemical and physical prop¬ 
erties that would be expected from the pyridine analogue 
of thiamine. When this compound became available,* an 
experiment was sot up with a view of comparing its 
antithiamine effect with that of oxythiamine, which was 
shown in this laboratory to act as an antagonist for 
thiamins (tf). 

Mice of the Swiss and 0-57 Black strains from our 
stock colony were used. The animals were placed at 
weaning on a thiamine-deficient diet which consisted of 
casein (Labco) 25%, sucrose 53%, hydrogenated vege¬ 
table oil 10%, lard 6%, Osborne and Mendel salt mix¬ 
ture* 5%, and Kuffex 2%, and contained the following 
supplements per kg of diet: riboflavin 10 mg, pyridoxin 
10 mg, calcium pantothenate 100 mg, a-tocopherol 40 mg, 
P-carotene 4 20 mg, vitamin D (Drisdol) 6000 units, and 
choline chloride 1.6 g. When the animals had become 
steady in weight, they were maintained on 1 of thi¬ 
amine per day, injected in aqueous solution subcutane¬ 
ously for one week. Daily injections of oxythiamine or 
neopyrithiamine were then started together with 1 pg 
of thiamine in a ratio (thiamine: antivitamin) of 1: 60. 
Control animals, three for each group, received thiamine 
alone. The results are shown in Table 1. 

In the ease of both compounds the effect on the food 
intake was apparent overnight. There was a drop in 

* This investigation was aided by grants from the National 
Institutes of Health and the John and Mary R, Harfcle Foun¬ 
dation. ' 

■We are indebted to Dr. K. Folkers of Merck ft Co.. Inc. 
for the neopyrithiamine. 

•The nwintUy of manganese waa doubled. 

■A mixture of 90% beta and Ml % alpha carotene (OBI) 
was used. 


the food intake of the animals and a loss in weight. 
The data show that the antivitamin effect of neopyri¬ 
thiamine is more pronounced than that of oxythiamine. 

TABLE 1 

Comparative Antithi amine Effect of Oxy thiamine 

+ AND NROrVUITHIAMINS 


SubwtHnce 

tested 

No. 

of 

mi(*e 

mice at RtRrt 
of injections 
of nntl- 
vltnriiin 

K 

Y _ 

denceof 

. fore noly- 

polyneu- * , 

... .neuritis 

rltls L . , 

developed 

% 

Survival 
time In 
dn.vf* 

Oxythiamine 
Neopy ri- 

9 

10.0-13.6 

O 

1321 

thiamlne 

9 

10.2-13.8 

100 5 7 

7-Si 


This manifested itself in the development of polyneuritic 
symptoms in the animals treated with neopyrithiamine 
and in a shorter survival period. The polyneuritic syn- 
drome was similar to that described by Morris (1). In 
addition, we observed that the mice were apt to hold 
their heads on one side, and that they developed com¬ 
plete paralysis of the hind legs. The controls main¬ 
tained their weight, and they survived until they were 
sacrificed two weeks after the last animal in the corre¬ 
sponding experimental group had died. 
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Mechanical Transmission of a Plant Tumor 
Virus to an Insect Vector 1 

Kmrl Maramorotch, 2 M, It. Brakks, and L. M. Black 
Brooklyn Botanic Garden, New York 

Most plant viruses transmitted by leofhoppers have not 
been demonstrated to be infective in extracts. The virus 
dealt with in this paper causes tumors in certain sus¬ 
ceptible plants, is carried by leafhoppers, and like others 
in that group has proven difficult to detect in extracts. 
It is our purpose to recount briefly the variety of meth¬ 
ods that failed to transmit the virus and to report on the 
success of insect-to-inseet transmission by injection. 

The virus, known ns wound-tumor virus, Aureogenw 
magnivena Black (£), is transmitted from plant to plant 
by the leafhoppers AgatUapeie fmella (Say), AgalUe 
eonstricta Van Duxee, and Agallia quadripunct&ta (Pro- 
vancher). Attempts by the authors to transmit the virus 

1 This work was supported In part by a grant from the 
American Cancer Bociery li* accordance wtfh a recommends* 
ekm by the Committee on Growth, National ftestareh Comma 
•Fellow hi Cancer tbwearch, Awcrlwm Cancer Bodrty. 
Present address : The Rockefeller Institute for Medical Re¬ 
search, New 1 York City, ■' ' 
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mechanically from plant to plant have been made, using 
various methods of inoculation, both with untreated juice 
from infected plants and also after the addition of ma¬ 
terials to the juice to alter the osmotic pressure, pH, and 
oxidation-reduction potential with the aim of stabilizing 
the virus. Juice has been rubbed onto the leaves and in¬ 
jected into the stems and crowns of plants by different 
techniques. Several species of susceptible plants have 
been used in these experiments, but ftn infection has 
never been obtained by any of those methods.^The in¬ 
oculation of plants with juices from infective insects also 
failed to produce infection, even though such juice was 
proved to have infective virus when tested by the suc¬ 
cessful technique described here. Leafhoppers fed on 
juices from diseased plants, from viruliferous insects, and 
on concentrates of these juices prepared by high speed 
centrifugation did not become infective.\ It is possible, 
of course, that more extensive trials with tnese procedures 
or variations of them might yield positive results.' 
^Storey (5) was the first to transmit a plant virus from 
insect to insect by inoculating virus free vector leafhop¬ 
pers, Cicadulina mbila Naude, with juice from insects 
carrying maize-streak virus, Frnctilinea maidis (Holmes) 
McKinney ( S). Using fine glass capillaries, Black (1) 
transmitted the aster-yellows virus (Ohlorognnns calliste- 
phi H. vnr. vulgaris H.) by injecting juiee from virulifer* 
Ous into nonviruliferous leafhoppers (Macrostelen divisus 
Uhler). In view of those earlier successes, it seemed 
logical to attompt transmission of the virus by injecting 
healthy vector leafhoppers with extracts from insects car¬ 
rying wound-tumor virus. 3 

Three hundred and fifty nonviruliferous leafhoppers 
{Agollia oonatricta Van Duzee) were caged on crimson 
clover plants ( Trifolium incamatum L.) showing pro¬ 
nounced symptoms of wound-tumor disease and were kept 
there for four weeks at about 25° C. Maramorosch had 
previously (4) obtained good transmission of the virus 
at 25 a C with this vector, after a minimum incubation 
period in the insect of two weeks. The insects were then 
collected and ground at 0 s 0 with an equal weight of 
0.25 u NuCl. The suspension was centrifuged at 3500 
rpm for 5 min, and the supernatant used without further 
dilution for the injection of 28 virus-free nymphs. The 
solution was drawn up into a fine glass capillary, and a 
small amount forced into the insect through a puncture 
made in the abdomen with a glass capillary. Twelve of 
the 16 insects which survived the injection proved to be 
Infective when tested on crimson clover plants. Although 
no controls were included in this experiment, the results 
are considered significant because there were no acci¬ 
dental infections with this virus in the greenhouse during 
the course of this experiment or the two previous years. 

A second experiment was carried out to confirm these 
results as well as to obtain a first approximation of the 
dilution end pobt. An extract of viruliferous insects 
was prepared as in the first experiment, and 0, I<M, 10-*, 
MH, and 10-* dilutions were made with 0.25 m Nad 
Groups of 5MHJ0 insects were inoculated with each dilu¬ 
tion, and an equal number of uninoeulated insects were 


kept as controls. All insects were tested individually on 
two sets of crimson clover plants over a period of two 
months, and the plants weTe then observed in the green¬ 
house for an additional period of two months. None of 
the control insects became infective, but some insects in¬ 
oculated with each dilution of viruliferous insect extract 
up to and including 10-a did. There was a long incubu 
tion period before inoculated insects wore able to infect 
healthy plants with wound-tumor virus. 3 
These experiments show that wound-tumor virus can 
be detected in extracts from insects, and the experiments 
also make possible the determination of some of the 
physical and chemical properties of the virus. The fact 
that three leafhopper-transmitted plant viruses have 
proved transmissible by this method of insect inoculation 
suggests that the method may succeed in certain instances 
whore other techniques have failed. 
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The Chromatographic Estimation of Lysine 
and Some Applications of the Method 1 

Anthony A. Albanese^ and Marilyn Lein 

Department of Pediatrics, 

New York University College of Medicine 

In exploring the various published chromatographic 
techniques, it occurred to us that paper chromatography 
of the copper salts of amino acids might provide a simple 
means of estimating some of the amino acids. TUo salts 
were prepared as described in our modification of the 
Pope and Stevens procedure for determination of the 
amino acid N (1) and 0.02 -cc aliquots of the resulting 
solution partitioned on paper strips in an aqueous phenol 
atmosphere for 0 hr by the capillary ascent principle de¬ 
scribed by Williams and Kirby (2). After drying in 
air the strips were developed by painting with a freshly 
prepared 10 % solution of aqueous iron forrocyanide. 
The characteristic pink color of copper forrocyanide, 
which appears distinctly on drying, indicates the position 
and relative amounts of various amino acids <ra the strip. 
Tests with 60 y of purified specimens showed glutamic 
and aspartic acid to have overlapping B r values in the 
area 0 . 08 - 0 . 10 . Lysine occurred in the region 0 . 42 - 0 . 60 . 
Arginine and histidine overlapped in the 0,55-0.02 R f 
zone. The other amino acids, glycine, serine, threonine, 
valine, leucine, isoleucine, tyrosine, proline, hydroxypro- 

i Supported la part by funds from tbs Office of Naval ft* 
search. 

•Present address; Nutritional Beeearch Laboratory, 8t. 
Luke’s Hesptaa New York. 
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line were to be found la the zone 0.7-1.0. Tryptophane, 
methionine, cystine, and phenylalanine could not be iden¬ 
tified by thie technique, einee they arc oxidized during the 
partitioning process. 

For our purposes the lysine -band, because of its rela¬ 
tive consistency, proved most useful. The band spread 
of tho copper lysine salt is roughly proportional to the 
concentration in the range 80—60 y of lysine. With pro¬ 
tein hydrolysates containing initially 0.5 mg -iN/cc it was 
found that zein gave negative tests; wheat-gluten gave 
faintly positive tests; and casein, gelatin, laetalbumin, 
human hemoglobin, and fibrin gave bands which approxi¬ 
mated roughly the lysine content of the preparations. 

Fivefold concentrates of urines of adult or infants on 
normal diets showed the lysine concentration to be greater 
for the infant than for the adult. When a wheat gluten 
diet supplemented to contain 4% L-lysine was fed to in¬ 
fants, the lysine output was similar to that of an evapo¬ 
rated milk diet. When the infants were fed wheat gluten 
diet without the lysine supplement, the urine lysine level 
fell below the sensitivity of the test. Supplementation of 
this diet with 6% D-lysino caused a tremendous increase 
in the lysine output, which became normal on changing 
to 6% L-lyaine. On the basis of this observation and the 
poor N-rctention and weight changes manifested by in¬ 
fants maintained on the n-lysine-supplemented wheat 
gluten diet it would appear that D-lysine is not utilized 
for growth by the infant. 

Blood filtrates could not be manipulated satisfactorily 
to give positive tests by this procedure. 

Within limitations this method is a useful one, but it 
cannot be expected to yield bettor than semiquantitative 
results. Other metal salts of the amino acids—namely, 
nickel, silver, chromium, mercury, lend, and barium—are 
being studied to determine their chromatographic char¬ 
acteristics. 
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Quantitative Study of Root Systems in 
Different Soil Types 

J. E. Weaver and R. W. Dsrland 

O apartment of Botany, University of Nebraska, Lincoln 

Study of soil-root relations of various crop plants and 
range grasses has lagged far behind the pressing need 
for*an understanding of these relationships. Little prog¬ 
ress in devising new methods for such study, nt least 
methods that baro been widely used in the field, has been 
made since the extensive researches by the direct mothod, 
using trench and hand pick, employed by Weaver (1, £) 
during the period 1019 to 1026. This lack of a quantita¬ 
tive approach to comparative root studies in various soil 
types has undoubtedly been a chief reason for the dearth 
of mote definite information on this important subject. 

A new method has recently been devised by which & 
complete sample of an entire toot svstem from soil #ur- 


face to maximum depth of penetration may be taken, 
separated from the soil without injury to the root or 
displacement of individual roots from their natural posi¬ 
tion, and examined in the laboratory In relation to the 
various horisonB of the soil profile. The method, applied 
to range grasses, consists in obtaining monoliths of soil 
12 in.*vide and 3 in. thick to a depth, varying with root 
extent, of 3-6 ft. 

A trench about 3 ft wide and 4-5 ft long is dug in a 
site where there is normal development of vegetation. 
The depth is usually 4—6 ft; Beneath the particular 
sample of grass, previously selected nnd^ left undisturbed 
in the side wall, the wall of the trench is made smooth 
and vertical, as shown by a plumb lino. A long shallow 
wooden box, 12 in. wide and 3 in. deep (inside dimen¬ 
sions), without a top and lacking one end, is employed. 
It Is placed on end, wi 4 th the closed end downward. The 
open top is placod against the vertical trench wall, the 
upper end of the box just reaching the soil surface. An 
impression of the sides and lower end of the box is made 
on the vertical wall of the trench by tapping the bottom 
of the box vigorously with a 4-lb sledge. The box is 
then removed and the soil column marked out with 
butchers * knivos having rigid blades. The soil on the 
sides and below these marks is removed by means of 
knives and spades until the monolith protrudes from the 
trench wall, its sides and bottom extending outward at 
least 3 in. The box is then fitted tightly over the mono¬ 
lith and the bottom and lower end of tho box are braced 
to hold the soil column in place. Finally, tho soil on the 
inner, attached face of the monolith is cut away by 
working inward with knives and spades from each side. 
The soil is not cut close to the top of the box, but a 
V-shaped ridge of soil is left protruding throughout its 
length. This is a part of the sample when the braces 
are removed and the monolith is lifted out of the trench. 
The entire monolith is transported to tho laboratory, 
where a description of the profile as regards soil texture, 
structure, consistence, pH, etc. is made. Only then is the 
monolith reduced to exactly 3 in. in thickness. 

The soil is removed from the box by a process of 
repeated soaking, often for several days, and gentle 
washing, mostly under water, even when it is extremely 
compact or contains a claypnn. A flaring rose nozxle 
attached to a garden hose is employed. During this 
process one may study the intimate relations of soil and 
roots. Boots are unharmed and in their natural position 
in the water after the soil has been washed away. 

The root system is transferred to a large smooth 
‘ painted board. The board U kept wot and tilted while 
the roots are Anally washed free of any remaining soil. 
Excess water is then removed by large blotters and the 
damp root system is transferred to a mounting board 
covered with cloth of black felt. Tills is done by placing 
the mounting board, face downward, over the root system, 
holding the two boards tightly together, and inverting 
thorn. The painted board is then removod* The root 
system is lighted for photographing by elbetroflAlfe units. 
It may then be dried and presorvod indefinitoly or mt 
into sections according to depth in feet or aeeording to 
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Pio. 1. Portion of n 
root BjHtem of western 
wheitt (fniHH (Agropgron 
•mithU Itydh.) 12 In. 

wide and .'10 In. deep. 
The bottom h of tlie A 
aiul It horlzona are 
marked by white lines. 
Only a small portion of 
the roots In the C lio- 
rlRoii la shown. 


Fin. 2. Upper 4 ft 
of roots of buffalo tfrnsti 
BttcMotf dactglolAe* 
(Nutt.) Hn^elm. Upper 
lines w»rk tbe depth of 
n 12-ln. All which gradu¬ 
ally burled the former 
topsoil (A,., horizon). 
14 In, thick. Note ex¬ 
cellent root development 
In these layers. 


depth of the soil horizons it occupied. The roots are 
then oven-dried and weighed. 

The root system in Fig. 1 was taken from Butler silt 
loam soil 28 in. deep, overlying deep, friable, silty clay 
loam parent material. The A horizon, which U only 7.5 
in. thick, contained 67% of the roots by weight. Hoots 
were poorly branched in all but the lower part of the 
clnypan or S horizon. Most of the branching occurred 
in the C horizon of less compacted, friable silty clay loam. 
Boots in the 13 in. below the point of heavy branching 
weighed 36% more than the 13 in. of poorly branched 
roots above. The root system In Fig. 2 was taken from 
Wabash ?Ut loam in a valley between two loess hills. 
Although the grass is normally only 4-3-in, tall, the roots 
are 6-0 ft deep. 

Descriptions have been made of the profiles of 16 soil 
types, from which U species of grasses were taken in a 
total of 33 monoliths in 1948.1 The depth, density, and 
weight-distribution of roots of the same species in dif- 

* Profile dwwrthfhms were made by Mr. Jam** Thorp, Prin¬ 
cipal SoU Correlator, Great Pis las Stales Division of Soil 
Survey, U, S. ©ept. of Agriculture, 


ferent soil types and of different species in the same soil 
type have been ascertained. Quantitative data on root 
distribution in the several soil horizons have also been 
obtained. The effect of buried profiles on root habit has 
been examined, as have modifications resulting from the 
loss of one or more soil horizons by erosion. A detailed 
account of the work is in press. 
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A Simple Micromanipulator 

Gunner Nygeerd 

Lektor at Ordrup Gymnasium, Cbartotteulund, Denmark 

For the isolation of one microscopic cell a fine capil¬ 
lary pipette is often used, the point of which is inserted 
into the drop of fluid containing the organisms; under 
microscopic control a single ceil can then be sucked into 
tho capillary pipette. The difficulty of this operation 
consists in keeping the point of the pipette motionless, 
at a magnification of, say, 100 times, in front of the or¬ 
ganism, which in many cases has n size of only 10-25 ^ 



V \_ ) 


Fio. 1, A. Micromnn ipulator top view without the capil¬ 
lary pipette. B. Micron* nnipulator with the capillary 
pipette, side view, mounted on the objective of the micro¬ 
scope. Three-fourths natural size. 

The device described here is one whereby the pipette can 
be fastened to the objective of the microscope. By 
means of the mechanical stage of the microBeope, the or¬ 
ganism can then be moved to the mouth of the fastened 
capillary pipette and sucked up. 

As shown in Fig. 1, the apparatus may consist of n 
block of metal 55 mm long, 15 mm broad, and 10 mm 
high, or to avoid scratches on the side walls of the ob¬ 
jective, of a corresponding piece of ebonite or plastic 
used for insulating purposes by the electrical industry. 
In one end, there is a vertical hole for the objective, 
and a deep incision so that the walls of tho hole can be 
fastened around the objective by means of a threaded 
bolt. On the side wall of the other end is placed a 
retaining plate, so that the capillary pipette can be 
pressed Against one vertical wall of the block by means 
of three screws. Small pieces of felt or thin plates of 
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cork glued to the walls of the block and the retaining 
plate prevent breaking of the pipette. 

The capillary pipette is a 5-mm glass tube, one end of 
which has been drawii into a long, thin point and bent to 
form an angle of about 135® with the tube. At the other 
end of the tube, a small but high nut with a threaded 
bolt to match is fastened by means of gloss cement. It 
is very important that the bolt should fit exactly into the 
thread of the nut and that it is greased with a heavy 
lubricant of the kind used for glass stopcocks of burettes, 
In order to make a completely air-tight connection. It 
is desirable to have a set of capillary pipettes, the points 
of which are 25, 50, 100, and 500 p, thick respectively. 

When the apparatus is to be used, the block is fastened 
to the objective, after which the capillary pipette chosen 
is placed in such a position that the mouth of the pipette 
is clearly visible, in the center of the held of vision (mag¬ 
nification about 100 timos) and the point is nearly 
horizontal. 

If a single microscopic organism is to be selected from 
a fluid suspension of organisms, it cannot be done by 
lowering the empty capillary pipette into the drop on 
the slide. The capillary action, which increases with the 
diminishing diameter of the pipette, will immediately 
carry fluid with numerous organisms into the tube. The 
pipette must be allowed to suck up sterile water and by 
turning the threaded bolt a convenient column of water 
remains; if the pipette is then let down into the suspen¬ 
sion by lowering the tube of the microscope, no organ¬ 
isms will be sucked up. By means of the meehnnicnl 
stage the slide is now placed in such a position that the 
organism selected is situated before the mouth of the 
pipette; a slight counterclockwise turning of the threaded 
bolt of the capillary pipette will then carry the cell into 
the pipette, after which the capillary pipette ia removed 
from the suspension containing other organisms by rais¬ 
ing the tube of the microscope. 

If an organism is wanted for the cultivation of a clone, 
the following procedure may be used. After the selection 
of one eoll, the slide with the suspension is replaced with 
a sterile slide, on which a sterile cover glass Is placed. 
The tube of the microscope is lowered until the point of 
the capillary pipette touches the cover glass; a slight 
clockwise turning of the threaded bolt will now eject a 
droplet of water containing the chosen cell onto the 
cover glass. At n magnification of, say, 200 times it 
should now be ascertained that the droplet contains ono 
and only one cell. If this is the case, the cover glass can 
be slipped from the slide into the sterile fluid in which 
the species is to be cultivated. 

The apparatus can also be used for making permanent 
slides of new or rare species, where only a few individuals 
were found among many others, for instance, dennid in¬ 
dividuals in a plankton sample. Some drops of glycerine 
should be added to the sample, which is then placed on a 
watch glass or In a salt cellar to allow a slow evaporation 
of the water. The specimens wanted can now be selected 
from the glycerine suspension sad placed in a droplet of 
pure glycerine on a slide for the usual method of pre¬ 
paring the slide. 


Pterin-like Pigment Derived from the 
Tubercle Bacillus. Fluorescence and 
Absorption Spectral Data for 
Erythropterin-like Pigment Isolated by 

Ultrachromatographic Analysis 

* 

M. 0*L. Grow* and A. Walker 

Division of Laboratories and Research, 

New York State Department of Health, Albany 

The pterins are pigments having a purine or pyrimidine 
type of structure that were isolated from the wings of 
butterflies and from the integument of other insects, first 
by Hopkins (5) and later by H. Wieland and his col¬ 
laborators (1925-1944), and by Schopf and Becker (II), 
and others. These pigments usually occur as mixtures, 
have no melting points, and cannot be transformed into 
derivatives with definite molting points. Hence, they 
present exceptional difficulties in their separation and 
purification. The determination of absorption spectra was 
one of the criteria used, in the studies citod, as tests in 
successive stages of purification, and in order to char¬ 
acterize the different pterins derived from different 
sources (II). 

We present evidence in this report that pterin-like pig¬ 
ments have been isolated from the tubercle bacillus which, 
to our knowledge, have not heretofore been reported for 
this microorganism. Fluorescence and absorption spectral 
data and other physical characteristics are given for ma¬ 
terial obtained from the acetone and other extracts of 
dried virulent human tubercle bacilli 1 after they had been 
washed with large quantities of sterile distilled water, 
Tl» is treatment is one of the steps in the preparation of 
antigens used in the complement fixation test for tuber¬ 
culosis (14b), / 

Observations in ultraviolet light wore made of zones 
(some not visible in daylight) formed when a few drops 
of the extracts were placed on the margin of the thin 
wedge of an adsorbent such as aluminum oxide, standard¬ 
ized according to Brockmnnn (1) by Merck, hereafter 
called alumina. These zones yielded fluorescence other 
than the red fluorescence that may be attributed partly to 
porphyrin and the yellow fluorescence of flavin reported in 
our previous studies ( 4 ). This micromethod (£) indi¬ 
cated the practicability of separating some of the mate- 
rials on chromatographs of alumina. 

Numerous exploratory experiments Indicated that a bet¬ 
ter separation of zones was effected by the use of benzine* 
ether 1t 1 and chloroform solutions of the residues of 
ether and acetone extracts than with the original ex¬ 
tracts. In some of the experiments the extracts were par¬ 
titioned with immisciblo solvents prior to placing them 
on chromatographs. The yield of material from the dif¬ 
ferent zones was in each case very small Hence, it was 
not possible to make all Of the various characterizations 

* Human tubercle bacilli strains #18 and #45150 were 
grown for 8-4 weeks in glywol broth which consists of 
beef, 450 g; peptone (Fairchild's), 10 g; sodium chloride, ft 
t ; glycerol* SO g; and water. leoQ g (14*). 
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that were reported by Schiipf and Becker for the much 
greater quantities of pigment that they extracted from the 
wings of a million butterflies* Our material ha* been used 
chiefly for the determination of absorption and fluores¬ 
cence spectra. These spectroscopic data and observa¬ 
tions of the general chromatographic behavior and pat¬ 
terns of the various zones when the chromatographs are 
developed closoly parallel those reported for pterins 
from butterflies, as clo certain other characteristics. 



Fio, 1. Ultraviolet absorption spectrum curve. Ery- 
throptorln-llke pigment. (In chloroform) Isolated from human 
tubercle buelllus. 


The number of fluorescing pigments revealed on our 
chromatographs and the reported difficulties of separating 
them preclude an exhaustive study of all at this time. 
Observations have been focused mainly on the material 
from the dark velvet brown fluorescing zone (orange-red 
in daylight and the only one clearly visible), which has 
many other characteristics similar to those reported for 
erythropterin (If). 

The ultraviolet absorption spectrum curve for this pig¬ 
ment in a limited range (Fig. 1) shows a band at about 
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Fro. 2. Wlcrnphotomctric tracing of ft fluorescence spec¬ 
trogram of erythroptcrln-Kke piement (In chloroform) Iso¬ 
lated from human tubercle bacillus. 


X 4540 A. Exploration of the shorter wavelength region 
revealed n bnnd at about X 2375 A and an inflection be¬ 
tween X 2900-3200 A, indicating selective absorption in 
the same -wavelength positions reported by Sehflpf and 
Becker for an erythropterin preparation (11). 

A violet fluorescence in dilute ammoniaeal solutions of 
erythropterin and changes in the fluorescence with changes 
in pH values have been observed (it). We also bare 
noted similar fluorescence with the pigment recovered 
from the orange-red none. A microphotometric tracing of 
the fluoreseeaee spentrogrttm (Fig. 2) shews an emission 


band extending from X 3580 to 4636 A with a maximum 
at X 3992 A. 

The chromatographic behavior on a column of alumina 
has been reported (11) for a mixture of several pterins 
—erythropterin, chrysopterin, xanthopterin, etc. The 
erythropterin is adsorbed at the top of the column os a 
velvet brown fluorescing zone, chrysopterin as a yellow- 
green fluorescing zone just below the erythropterin and 
above the yellow fluorescing xanthopterin zone. More¬ 
over, a brilliant light violet-blue fluorescing zone usually 
appears in juxtaposition with the velvet brown fluorescing 
zone and is ascribed by Schopf and Becker to a trans¬ 
formation product of erythropterin. We also havo ob¬ 
served this sequence of zones on our chromatographs. The 
medium which is used in the cultivation of the tubercle 
bacillus, when concentrated ten times and passed through 
columns of alumina, did not show this zone formation. 
However, the effect of strain differences and of variations 
in medium are being investigated. 

Erythropterin, as reported by Schopf and Becker (11), 
is precipitated from N ammoniaeal solution by treatment 
with N HC1 as a fine red powder that is easily soluble 
in water. On evaporation of the solution the residue is 
amorphous. An ammoniaeal solution of the pigment, 
when treated with an ammoniaeal solution of silver ni¬ 
trate, yields a fine dark red precipitate, which when 
heated turns brown, then black. Erythropterin gives no 
muroxide reaction. It is soluble in concentrated nitric 
acidj but is quickly destroyed and the dark red solution 
becomes colorless (11). We also have observed the same 
characteristics for the erythropterin-like pigment iso 
lnted from the tubercle bacillus. 

The wavelength positions of selective absorption, the 
fluorescence characterization, chromatographic behavior, 
and many other reactions observed for our material are 
similar to those reported by other investigators of pterins 
(.5, 11). Hence the presence is indicated of a new group 
of pigments not previously reported to be isolated from 
the tubercle bacillus. A more detailed report will be 
published later. 

We also have reported the isolation of pterin-like pig¬ 
ment from the diphtheria bacillus (3). Members of the 
pterin group of pigments havo been found in animal and 
human urine (#), mammalian tissue (9), and in argen- 
taffine cells in the epithelium of the stomach and intes¬ 
tine, with the same localization as that of the substance 
active against pernicious anemia (6, 7). Studies have 
been made of the activity of pterin in preventing clinical 
anemia (15), and also in the field of nutrition by Totter 
and colleagues (IS), Pritchard (10), and numerous other 
workers. Such investigations, if further substantiated 
and extended, will result in the pterins* becoming of 
wide interest and importance in the fields of biologies! 
and medical research. 
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Serum Lipase and Alloxan Diabetes in Rats 1 


JuJ«« Tuba and Robert Hoar* 

Department of Biochemistry, University of Alberta, 

Ld monton, Canada 

It was found by Cantor, Tuba, and Cupsey (1), that 
the production of alloxan diabetes in the adult male al¬ 
bino rat is pnralloled by a pronounced increase in the ac¬ 
tivity of scrum alkaline phosphatase. The development 
of the diabetic condition is usually accompanied by a 
marked transient lipemia, which appears about two days 
after the injection of alloxan and which then decreases 
after approximately a week. It seemed probable that the 
existence for several days of a severe lipemia might be 
reflected in altered serum lipolytic activity, and this 
paper presents our observations with the onzyme which 
hydrolyzes tributyrin. This enzyme, given a variety of 
names in the literature, will bo called lipase, although it 
could equally well be called trlbutyrinase (tf). 

Twenty adult male rats were starved ovoruight and in 
the morning each was given a subcutaneous injection of 
10 mg of alloxan monohydrate for each 100 g of body 
weight. The animals were fed Purina Fox Checkers and 
water ad lib. As a result of alloxan injection, diabetes 
was produced in fifteen rnts; three of the animals died, 
while two recovered from the initial hyperglycemia. 

Blood for glucose and lipase determinations was taken 
from the tails of the animals always at 8 a.m. Blood 
glucose was estimated by the method of Roinecke (3). 
Lipase activity wns determined within 24 hr after the 
serum wns obtained although the enzyme was found to 
be stable for several days in a refrigerator. The enzyme 
concentration of the sera was determined by a micro* 
method which will bo described fully olsewhere. Essen¬ 
tially It consists of estimating by titration with NaOH 
the acid set free from tributyrin by the enzyme contained 

1 This tnvefttignrum was conducted with the assistance of 
a grant to Jules Tuba from the Division of Medical Research, 
National Research Council, Ottawa, and Is part of Project 


in 0.1 ml serum. Hydrolysis of the finely dispersed sub¬ 
strate proceeds for 30 min at 87“ C in an aqueous digest 
buffered with sodium diethylbarbiturato at pH 7.9. The 
lipase activity of a serum in units is equivalent to the 
number of ml of 0.025 N NaOH required to neutralize 
the butyric acid which would be set froe by the enzyme 
contained in 100 ml of serum under the above experi- 
mentfl conditions. One ml of 0.025 N NaOH is equiva¬ 
lent to one Lipase unit. The normal mean value for serum 
lipase in 30 adult male albino rats was found to be 556 + 
70/100 ml, with a range from 390-090 units/100 ml. Ac¬ 
tivity of the enzyme in individual rats vnrios slightly 
from day to day, but levels are not appreciably altered 
by starvation for 5 days. 

• The effect on serum lipase activity of alloxan is indi¬ 
cated in Table 1. Results for the group of 15 diabetic 
rats are available for 7 days after the onset of hyper¬ 
glycemia and this information is supplemented for longer 
periods of time as indicated in Table 1. 


TABLE 1 

Effect of Alloxan on Sebum Lipase of Adult Malk Katm 


Time after 
alloxan 
Injection 

Blood sugar 
(nig/100 ml) 

Serum lipase 
(units/100 ml) 

mean 

range 

mean 

range 

0 

117 

00-120 

G50± 70* 

300- 090 

1 day 

309 

315-450 

530 ± 102 

320- 720 

3 days 

544 

230-800 

541 t 80 

410- 750 

6 days 

434 

200-070 

080 i 103 

510- 890 

7 day* 

429 

314-030 

800t 07 

690- 880 

21 dnyst 

420 

400-450 

830 ± 02 

700-3000 

3 months! 

350 

250-400 

930 ± 238 

930-1400 


* The values following the ± sign represent the standard 
deviation. 

t These values were obtained from seven of the group of 
15 rats. 

t These values were obtained from a group of five animal* 
for which there are no normal values. 


Blood sugars roach diabetic values within the first day 
in the usual way, but the effect on lipase follows a dif¬ 
ferent pattern. Almost without exception, individual rats 
showed a temporary fall in serum lipase levels between 
the first and third day after injection with alloxan. 
By the end of the seventh day, however, there was in 
.every diabetic animal a definite increase of the enzyme, 
with an average increase to about 40-45% above normal 
levels for the group of 15 rats. The results given in 
Table 1 for rats diabetic for period* of time iip to 3 
months indicate that the enhancement In lipase activity 
of rat serum is persistent and may reach concentrations 
os much as 05% above normal. The development of in¬ 
creased lipase levels roughly parallels the appearance of 
high alkaline phosphatase values in alloxan diabetic rats. 
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Growth-regulating Substances in 
Laminaria agardhii 

Louu O. William* 1 

Butman Univortity, QnanvitU, South Carotin* 

Growth-regulating Bubstancos have been reported from 
nearly all major groups of the plant kingdom, but in the 
lower forms little is known of their role in the differen¬ 
tiation of thoUi. The presence of a large, differentiated 
lamina in Iximinaria agardhii K jell man, formed from a 
well-developed intercalary meristematic region, suggested 
to the author the possibility that IAA (indoleacetic acid) 
might behave as a growth-regulating substance in this 
brown nlgft just as it does in the embryonic apical parts 
of vascular plant*. 

Along the southern New England coast this kelp de¬ 
velops laminaa which are commonly over 5 ft in length 


tamination and evaporation. Disks were blotted between 
filter paper before each weighing, which was done on an 
analytical scale accurate within 1 mg* The blotted 
weights of disks in any one series were rather uniform. 

From Table l a gradient for tolerance of IAA is shown 
by the response of cultured tissue. The rate of poisoning 
and disintegration in IAA solutions varies groatly with 
each series, being greatest in series A, less in series B, 
and least in series C. Apparently IAA is supplied by the 
alga itself and the disks injured come from regions al¬ 
ready containing so much IAA that addition of any more 
produces an injurious excess. 

Because of these results a hormone test was performed. 
The bending of the Avena colooptile for detecting the 
presence of growth-promoting auxins in vasculnr plants 
is a standard procedure, but except for the method used 
by Leonian (£) with fungi, the author does not know of 
any procedure for demonstrating the presence of minute 
quantities of auxin in algae. A crude extract in petro- 


T AUDIO 1 

PuscicNTAfflo Gain ok U>»h in Wt of Disks fiiou Laminaria uunritMi aftkk If) I)* vs' Co ltd HR 

IN IndOLBACKTIC ACID SOLUTIONS 


IAA in sea water 

mg/1 


O (ennlml) 
0.1 
1.0 
2.0 
5.0 
10.0 


Series A 
Totnl wt 
3551 mg 


+ 13% (healthy) 

disintegrated 

disintegrated 

disintegrated 

disintegrated 

disintegrated 


Series It 
Total wt 
1400 mg 


+ 10% (healthy) 
+ 10% (healthy) 
+ 5% (healthy) 
- 20% (fair) 
disintegrated 
din Integrated 


Heries C 
Totnl wt 
020 mg 


+ 5% (healthy) 

+ 8% (healthy) 
1-23% (healthy) 
-10% (fair) 

-15% (fnlr) 

-80% (unhealthy) 


and 8 in. broad. Young laminae are thin and homoge¬ 
neously flattened, but mature laminaa are thick, with 
peripheral parts undulating from alternate depressed and 
raised portious. For this investigation, plants were col¬ 
lected during Juno and July of 1948 from several habi¬ 
tats in the vicinity of Woods Hole, Massachusetts. 

According to Fritsch (I), the principal formative re¬ 
gion in all laminarias is situated in the transition zone 
between stipe and lamina. From this region 120 disks 
of living tissue of Laminaria, measuring 6 mm in diam¬ 
eter, were used in test series A. Series B consistod of 
120 disks from the middle and distal third of laminas; 
and series 0, of 120 disks from the distal third and thin 
periphery of laminas. An effort was made to get random 
samples from plants with laminae at a developmental 
stage just prior to formation of the undulating periphery. 
The 120 disks of each series were distributed in lots of 
20 to liter beakers containing sea water and various con¬ 
centrations of IAA. • A temperature range of 18-21° C 
was maintained by setting the beakers in running water. 
Each beaker was covered by a glass plate to reduce con- 

. j The author acknowledges the assistance in this research 
of Sir. So Ko Lay. graduate student at Washington Univer¬ 
sity. ; .V ' ■ V - ■ ' 


leum ether was prepared by soaking dried macerated 
tissue from the formative region. The other extract was 
mixed with lanolin paste and evaporated. Oat seeds were 
germinated in the dark between moist filter paper and 
the inside of liter beakers. The crude extract of kelp 
was applied by a fine gloss needle* After 8 hr, but more 
pronounced after 17 hr, the following results were noted: 
Seedlings with kelp extract appliod on the outside bent 
toward the center of the beakers; those with extract ap¬ 
plied on the inside bent away from the center, and those 
without extract treatment and those treated with lanolin 
only continued to grow straight. 

The results of this investigation indicate that growth 
substances, similar to or the same as indoleacetic acid, 
formed in the meristematic region of Laminaria agardhii, 
may be at least partly responsible for the mature pattern 
of growth in the lamina, and that the natural growth- 
regulating substances in this alga have some physiological 
properties in common with those of higher vascular 
plants. 
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Comments and Communications 


Dramamine and Motion Sickness 

I should like to comment on the two articles on motion 
sickness by Gay and Carliner and Strickland and Hahn 
that appeared in your April 8th issue ( Science, 1949, 109, 
350). 

Gay and Carliner f s procedure of dividing the subject* 
into control and medication groups on the basis of the 
ship's compartments they occupied may be expeditious 
from an administrative standpoint but is hazardous ex¬ 
perimentally. The various compartments of a ship are 
not subjected to the same degree and kind of motion. 
It is, therefore, difficult to ascribe the differences in sick¬ 
ness rates found in the several compartments solely to 
the medication employed. It is quite possible, for in¬ 
stance, that compartment 3-F was more conducive to 
causing seasickness than compartment 3-E. To have con¬ 
trolled this adequately, the investigators should have 
randomly divided the men in oncli compartment into the 
various experimental groups. 

The procedure of using sick men in a placebo group to 
test the efficacy of a remedy in curing the already sick 
can ho safely done only if a like number of sick men in 
the s*une group remain untreated or continue to receive 
placebos. Brs. Gay and Carliner, by neglecting this, left 
themselves without adequate controls and therefore one 
cannot determine with certainty to what extent the re¬ 
mission of symptoms was due to medication (Drama- 
mine), change in weather and sea conditions, or to the 
phenomenon of adaptation. The latter is of great 
importance. 

Studies of the efficacy of a remedy must be made under 
a variety of sickness rates aud the results should be ex¬ 
pressed as the percent protected for a given sickness rate. 
At placebo rates of between 20 and 30 percent—-the rate 
apparently found in the Gay and Carliner experiment— 
it is not uncommon for medication such as hyoscine, or 
even certain barbiturates, to give high protection. With 
such moderate Bickness rates in the controls this writer 
has, on occasion, found 0.6 mg hyoscine to give 80 to 90 
percent protection. Therefore, on the basis of the single 
experiment reported, no convincing evidence is presented 
to indicate that Dramamine ,is any more effective than 
u,6 mg hyoscine in preventing motion sickness. This is 
further home out by the paper of Strickland and Hahn 
in which they report an experiment where 55.6 percent of 
the placebo group became sick. Under this moderately 
high sickness rate, 28.7 percent of a like number receiv¬ 
ing Dramamine became sick, indicating that the medica¬ 
tion gave protection to about 50 percent. With such 
sickness rates in the controls, 0.6 mg hyoscine has been 
shown to give similar protection {Amer. J. Physiol, 1940, 
146,458). Incidentally, this dosage of hyoscine has been 
demonstrated to be without any harmful side effects-on 
the efficiency of combat men. 


Therefore, until Dramamine, or any other proposed 
remedy, is tested under adequately controlled conditions, 
against hyoscine as well as a placebo, and under condi¬ 
tions of a variety of sickness rates in the controls, any 
claims as to its superiority as n preventive are apt to be 
premature. . 

Finally, the statement in the opening paragraph of the 
paper by Strickland and Hahn, “Investigations on mo¬ 
tion sickness in the past have shown a paucity of con¬ 
trolled studies carried out on shipboard or on aircraft/' 
leave many of us who were connected In one way or an¬ 
other with the Subcommittee on Motion Sickness of the 
Committee on Medical Research a little dismayed, to put 
it politely. An enormous amount of time and energy 
had been spent on this problem during the war and much 
was accomplished. Also, many had the satisfaction of 
seeing or hearing of the results of their studies being 
successfully applied in landing operations. These stud¬ 
ies, sponsored by the CMR, were the subject of numerous 
reports to the Surgeon General. They are also to be 
found in many easily available scientific and medical 
journals. I and, I am sure, any of the members of 
the wartime Subcommittee on Motion Sicknoos of the 
OSBDcmr, would be glad to enlighten the Surgeon Gen¬ 
eral 'a office on this matter. 

David B. Tvleh 

Carnegie Institution of Washington 

In Criticism of Chisholm's "Social Responsibility" 

If no workable plan for peace can be based on the 
anomalous idea that social processes are the outcome of 
individual attitudes and decisions, then a retort seems 
badly needed to the endorsement {Science, 1949, 109, 
264) of the Chisholm article “Social Responsibility 99 
{Science, 1949, 109, 27). This fallacious individualism 
leads to der Fuehrerprineip —the belief that personal 
leadership by “mature“ or “socially minded" persons 
is the basis of an orderly human society. 

Much more space than this note can command should he 
given to serious refutation of such an idea. In a world 
in which * * the poor always ye have with you,' * individual 
responsibility is a preoccupation with keeping the wolf 
from one's own door. If our social setup Is working 
badly it is because the rules of tho game are badly de¬ 
signed to encourage and reward this acceptance of per¬ 
sonal responsibility for one's own welfare (see ** Indi¬ 
vidualism; True and False/’ chapter in F. A. Eayek's 
Individualism and the economic order, 1948). 

The spreading of the idea that science is an “endless 
frontier" which can provide for any number of Homo 
sapiens, all at whom can survive as winners in the game 
of life if we can develop a race of “brothor keapers," 
obviously begets anything but good sportsmanship in the 
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morale of those who are act winning their way into the 
promised land of milk and honey. Buch utopian mate¬ 
rialism is directly responsible for the current war psy¬ 
chology, for we are eternally looking for a scapegoat— 
always the other fellow is this dog in the manger—when 
we couple personal responsibility with the fact that the 
promised land is not in sight. 

From a truly impersonal, scientific anglo, we’d do well 
to think through these Malthusian problems, starting 
from the observation of Boulding ( Sci. Mon., 1040, 68, 
230) on the fallacies of composition and aggregation 
which obscure the fact that £1 tho real world . . . cannot 
he understood by any generalization from individual ex¬ 
perience.* * Note how this agrees with the contention of 
Leslie White ( J . Wash. Acad. So., 1947, 37, 181-210; also 


Sot. Mon., 1046, 66, 236) that the individual is the crea¬ 
ture, not the creator, of his culture; which leads us to the 
conclusion that ‘ ‘ there is now only one basic importance 
in the world ... on which the very existence of the race 
depends ” (in the interest of the scientific spirit we must 
now reverse the Ohisholm ex cathedra statement)—“the 
importance of an [un-]emotional relationship between the 
people of the world, 1 ’ based upon a justice that is blind¬ 
folded to persons and is using only an insensate mecha¬ 
nism. The last word has not been said on Adam Smith ’e 
* * unseen hand, ’ * not even by Hayek in his masterful dis¬ 
cussion of how the money-price system controls “The Use 
of Knowledge in Society” (Amer. So. Sev. t Sept. 1046). 

ATjDF.N Pottkk 


Bethesda, Maryland 


Association Affairs 


The thirtieth annual meeting of the Pacific Division, 
AAAS, was held in Vancouver, Canada, June 13-16, with 
537 registered members and guests in attendance. This, 
the first Canadian meeting of the Pacific Division, was 
held on the campus of the University of British Columbia, 
and inasmuch ns it came between terms, it was possible to 
house the delegates in the living accommodations normally 
available to students. 

Campus cafeterias and the Faculty Club provided ex 
eellent meals, and larger gatherings such as the general 
reception and the biologists 9 dinner were competently 
handled in Brock Memorial Hall. The University Exten¬ 
sion looked after registration and assignment of rooms, 
dispensed information, provided projection equipment 
where and when needed, and took care of other miscel 
laneous problems as they turned up. All of this made 
for a compact, well-integrated meeting, and pointed to 
much foresight and excellent organization by the local 
committee. 

Scenery is, perhaps, only an incidental adjunct of a 
scientific meeting. But it would be improper not to 
mention that the University of British Columbia occupies 
ft location of breathtaking beauty, a promontory looking 
out across many square miles of seascape—Burrard Inlet 
and Howe Sound—to a backdrop of high, snow-covered 
mountains.^ The visitors were not too preoccupied with 
scientific matters to take note of this. 

Forest ecologists bad a chance to study forests. Sea¬ 
shore biologists went on a field trip at low tide. For 
fisheries, biologists, and oceanographers, the Canadian 
Government made two boats available, one to demonstrate 
new oceanographic equipment and methods, the other to 
demonstrate trawling. 

There were three general evening sessions. At the 
first of these L, 8. Cres&man, of the University of Oregon, 
as retiring president of the Pacific Division, gave an 
address on 4 * Early Man in the Pacific Northwest. ’ ’ D. S. 
Rawsqti, ofthe University of Saskatchewan, spoke at the 


second on “Scientific Fish Harvesting in Groat Slave 
Lake.” At the third, William J. Bobbins, director of 
the Now York Botanical Garden, discussed “Growth, 
Normal and Abnormal.” 

The Divisional Symposium, held Monday afternoon, 
dune 13, had for its general subject, “Anthropology and 
its Applications to Society.” David French, of Heed 
College, discussed “Anthropological Itesearch in the War 
Belocation Authority”; H, G, Barnett spoke on “Social 
Besearch for Administrative ITsor”; and B. F. Spencer, 
of the University of Minnesota, took for bis topic “Tm 
migrant Culture and Acculturation.” 

Another general symposium was arranged by the Pacific 
Science Board of the National Besearch Council on the 
general subject, * * Research Plans, for the Pacific Area, 
with Special Reference to the Seventh Pacific Science 
Congress.” The speakers and their topics were; E. W. 
Gifford, University of Onlifornia, “ Anthropological Prob 
lems in Fiji”; Pierre Danaereau, University of Montreal, 
“Research Plans Developed at the Seventh Pacific Sci 
enee Congress, Relating to Natural History and the Pro¬ 
tection of Nature”; John P. Tully, Pacific Biological 
Station, Nanaimo, B. G\, “Plans and Needs for Oceano 
graphic Research as Discussed at the Seventh Pacific Sci 
ence Congress”; R. C. Miller, director, California Acad 
emy of Sciences, “Some Problems of Population, Food 
and Available Resources in the Pacific Aroa. ” 

The wide range of interests represented in this con¬ 
vention are well indicated by tho symposia arranged by 
various societies on such topics as the following: “The 
Role of Chemistry in Pacific Northwest Industry,” 
“Minor Element Nutrition in Western Soils,” “Why 
Plants Grow Where They Do,” “New Methods of High 
Speed Oceanographic Research, ’ * * ( Factors Influencing 
the Success of Reproduction in Anadromous and Shore 
Spawning Fishes,” “Some Aspects of Fire in Natural 
Communities, What Has Ecology Contributed to the 
Management of Natural Resources of the West!” 
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A circumstance much appreciated both by the Pacific 
Division and by the host institution was the presence 
throughout the meeting of the national president of the 
A A AS, E. 0. Stakman, and the administrative secretary, 
Howard A. Meyerhoif. Through conferences, informal 
addresses, and meetings with the Council and the Execu¬ 
tive Committee of the Pacific Division, they contributed 
greatly to the success of the meeting and to the per¬ 
manent values to be derived from it. 

The following societies, meeting in conjunction with 
the Pacific Division, held programs for the reading of 
scientific papers: American Chemical Society (Pacific In- 
torsectional Division), American Meteorological Society, 
American Nature Study Society (Western Section), 
American Phytopathological 8oeiety (Pacific Division), 
American Society for Horticultural Science (Woatcrn 
Section), American Society of Ichthyologists and Herpe¬ 
tologists (Western Division), American Society of Lim¬ 


nology and Oceanography, American Society of Plant 
Physiologists (Western Section), Association of Pacific 
Coast Geographers, Botanical Society of America (Pacific 
Section), Cooper Ornithological Club (Northern Division 
and Southern Division), Ecological Society of America 
(Western Section), Herpetologists 1 League, Pacific North¬ 
west Bird and Mammal Society, Pacific Science Board of 
the National Research Council, Society for Experimental 
Biology and Medicine (Pacific Coast Branch), Society of 
American Bacteriologists (Southern California Branch), 
Western Society of Naturalists, and Western Society of 
Soil Science. - I 

The British Columbia Academy of Science, an affiliated 
society of the A A AS, gave up its annual meeting for 
1949 in order to participate more fully in the Vancouver 
meeting of the Pacific Division. 

Robert C. Miller 

Secretary, Pacific Division, AAA8 


Scientific Book Register 


Albert, Adrian. A’oiid analytic geometry. New York: 
McGraw-Hill, 1049. Pp. ix + 102. $3.00. 

Ashford, M ah don. (Ed.) Trends in medical educa- 
tion. (New York Academy of Medicine, Institute on 
Medical Education, 1047). New York 22, N, Y.: Com- 
monwealth Fund, 1940. Pp. xiv+ 320. $3.00. 

Barlow, H. M. Micro-waves and wave guides. New 
York 39, N. Y,: Dover Pubis., 1949. Pp. x +122. 
(Illustrated.) $1.95. 

Begun, S. J. Magnetic recording. New York (16), and 
Toronto: Murray Hill, 1949. Pp. x + 242. (Illus¬ 
trated.) $6.00. 

Bi&khoff, Garrett. Lattice theory . (Rev, ed.) (Amer¬ 
ican Mathematical Society Colloquium Publications, 
Vol. XXV.) New York: American Mathematical 
Society, 1948. Pp. xiii + 283. $6.00. 

Burk, R. E. and Grummitt, Oliver, (Eds,) Recent 
advances in analytical chemistry, (Frontiers of Chem¬ 
istry, Vol. VTI.) New York: Interscience, 1949. Pp. 
vii+ 209. (Illustrated.) $4.50. 

Burrow, Trigant. The neurosis of man. An introduc¬ 
tion to a science of human behavior, New York: Har- 
court, Brace, 1049. Pp. xxvi + 428. (Illustrated.) 
$7.50. 

Oarington, Whately. Matter , mind, and meaning . 
New Haven, Conn.: Yale Univ. Press, 1940. pp. 
xx + 867. $3.75. 

Friedlander, Gerhart, and Kennedy, Joseph W. In¬ 
troduction to radiochemistry. New York: John Wiley *, 
London: Chapman A Hall, 1949. Pp. xiii + 412. (Il¬ 
lustrated.) $5.00. 

Gates, R. Boggles. Pedigrees of negro families . Phila¬ 
delphia, Toronto: Blakisfcon, 1940. Pp. vii + 207. (II-' 
luatratod.) $5.50. 


Leighton, Alexander H. and Dorothea C. Gregorio , 
the hand-trembler; a psychobiological personality study 
of a Navaho Indian. (Papers of the Peabody Museum 
of American Archaeology and Ethnology, Harvard UDi¬ 
versity, Vol. XL-No. 1.) Cambridge, Mass.: Peabody 
Museum, 1949. Pp. xiv + 177. $2.50. 

Lind, L. R. (Trans.) The epitome of Andreas Tesalius. 
New York: Macmillan, 1949. Pp. xxxvi 4103. (Illus¬ 
trated.) $7.50. 

Matsen,' F. A., Myers, Jack, and Haokerman, Norman. 
Pre-medical physical chemistry. New York: Macmil¬ 
lan, 1940. Pp. viii + 344. (Illustrated.) $4.76. 

Merton, Egon Stephen. Science and imagination in Sir 
Thomas Browne. New York: King’s Crown Press, 
Columbia Univ., 1949. Pp. viil +156. $2.50. 

National Health Assembly. America’s health: a re¬ 
port to the nation , New York: Harper’s, 1949. Pp. 
xiv + 395. $4.50. 

Nonidez, Jose F., and Windle, William F. Textbook 
of histology. Now York: McGraw-Hill, 1949. Pp. 
xiii + 450. (Illustrated.) $6.75. 

Rappaport, F. Rapid microchemical methods for blood 
and C8F examinations, New York 10, N. Y.: Grune St 
Stratton, 1949, Pp. xvUi + 404. (Illustrated.) $8.75. 

Rrmick, A. Edward, Electronic interpretations of 

, organic chemistry . (2nd ed.) New York: John Wiley, 
1949. Pp. vii + 800. $6.00. 

Thorndike, Robert L, Personnel selection: test and 
measurement techniques. New York: John Wiley; 
London: Chapman 4b Hall, 1940. Pp. viii + 358. 
$4.00, 

Van Hook, Andrew. Sugar: its production , technology, 
and uses. New Yorks Ronald Press, 1949. Pp. lx + 
155. (Ulustmtid.) fBiOO. 
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NEIVS 
and Notes 

Senator O* Mahoney's amend* 
ment to the independent offices ap¬ 
propriations bill HR 4177, calling 
for full FBI investigations of all 
fellows under the program of the 
Atomic Energy Commission (Science, 
July 22 , p. 103), was approved by 
the Somite on August 2. The entire 
bill is now the subject of a Senate’ 
House conference, but there seems to 
be no doubt that the amendment will 
be incorporated into the final act 
that is passed by both houses. Inas¬ 
much as all recipients of fellowships 
must undergo investigation, the ef¬ 
fect of the act will be to require 
investigation of all applicants. 
Whether, as reported in the July 
25th issue of Newsweek, the National 
Research Council will decline to ad¬ 
minister the AEG fellowships under 
these restrictions has not yet been 
learned, 

About People 

Joieph B. Platt, associate profea- 
sor of physics at the University of 
Rochester, has been given a two-year 
leave of absence to serve as chief of 
the Physics Branch of the Research 
Division of the Atomic Energy Com¬ 
mission in Washington. 

Harry C. Dyme, chief chemist at 
the Foundation of Applied Research, 
San Antonio, Texas, has accepted a 
position as chief of the Nutrition 
Unit of the Aero Medical Labora¬ 
tory at Wright-Patterson Air Force 
Base, Dayton, Ohio. 

George G. Manov has left the 
Radioactivity Section of the Na¬ 
tional Bureau of Standards to be¬ 
come chief of the Advisory Field 
Service Branch of the Isotopes Di¬ 
vision of the Atomic Energy Com¬ 
mission, Oak Ridge, Tennessee. 

B, Hungetford has retired as 
head of the Department of Ento¬ 
mology of the* University of Kansas. 
Dr. Hungerford will continue his 
teaching ana issearch, both at the 


University of Kansas and, during 
summer months, at the University of 
Michigan Biological Station. He is 
replaced as chairman by Charles 
D. Michener. 

Ruth Lofgren, assistant professor 
of bacteriology, University of Michi¬ 
gan, is guest investigator for the 
summer in the Microbiology Division, 
Scrippe Institution of Oceanography, 
University of California, La Jolla, 
where she is studying the cytology of 
marine microorganisms. 

Rudolph J. Pauly, diroctor of the 
School of Plmminey of the American 
University of Beirut, Lebanon, has 
been named assistant director of the 
Pharmaceutical Division of Sterling- 
Win throp Resoarch Institute, Rens¬ 
selaer, New York. 

Althea Revere, electron micros¬ 
copy consultant, has been appointed 
associate profeB&or of electron 
microscopy at the Graduate School 
of Stevens Institute of Technology, 
Hoboken, New Jersey, 

N. T. Mattox has resigned as as¬ 
sociate professor in zoology at Miami 
University, Oxford, Ohio, to accept & 
position ns professor of biology at 
the College of Agriculture & 
Mechanic Arts of the University of 
Puerto Rico, Mayaguez, Puerto Rico. 
Dr. Mattox will organize and direct 
the founding of a marine biological 
research laboratory, 

F. William Sunderman, head of 
the Department of Clinical Pathol¬ 
ogy at the Cleveland Clinic Founda¬ 
tion, hae been appointed director of 
clinical research and head of the 
Department of Clinical Pathology at 
the University of Texas. Dr. Sun- 
dormon has also been appointed pro¬ 
fessor of experimental medicine and 
clinical pathology of the University 
of Texas Postgraduate School of 
Madiolne. 

Visitors to U. S. 

Ch'ing-Sung YU, formerly of the 
Nanking Observatory, is now con¬ 
ducting research as an associate on 
the staff of the High Altitude Ob¬ 
servatory at Boulder, Colorado. 

Recent visitors at the National 
Bureau of Standards included! the 


Anglo-American Council on Pro¬ 
ductivity Simplified Practice 
Group, and Paul Vlgoureux, British 
Admiralty Research Laboratory, 
Teddington, England. 

Grants and Awards 

The Actonian Prise of one hun¬ 
dred guineas has been awarded by the 
Royal Institution of London to Alex¬ 
ander Fleming for his work in peni¬ 
cillin. The prize has been awarded 
every seventh year since its establish¬ 
ment in I93S. Dr, Fleming recently 
visited medical institutions through¬ 
out the U. S. and attended the dedi¬ 
cation exercises of the Oklahoma 
Medical Reserve Foundation in Okla¬ 
homa City. 

The Society of Chemical Indus¬ 
try awarded its biennial gold medal 
to Foster Doe Snell, chemical consult¬ 
ant of Now York, at its Manchester, 
England meeting. Dr, Snell is the 
second American to receive the 
award. 

The Royal Photographic Society 
of Great Britain has elected Loyd 
A. Jonos, head of the PhysicB De¬ 
partment at Kodak Research Labora¬ 
tories, Rochester, New York, an 
honorary fellow. The society had 
honored Dr. Jones twice before this 
year, by the award of both its Prog¬ 
ress Medal and its Hurter and Drif 
field Medal. 

Fellowships 

The John end Maty R. Markle 
Foundation invites doans of ac¬ 
credited medical schools in the 
United States and Canada to make 
nominations for the third group of 
Scholars in Medical Science on or 
before December I. Each school 
may nominate one candidate. He 
should have completed the usual fel¬ 
lowship training la some area of sci¬ 
ence related to medicine and should 
hold, or expect to hold, in the aca¬ 
demic year 1950-51, a full-time fac¬ 
ulty appointment on the staff of a 
medical school. Grants of #25,000 
each, payable at the rate of #5,000 
annually, will be made to the schools 
over a live-year period. 

The number of Scholars to be 
appointed in 1050 has not yet been 
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determined. Sixteen were chosen in 
1948, and thirteen in 1949. A new 
booklet describing the plan, with sug- 
gestiona for making application, la 
available on request from the Foun¬ 
dation, 14 Wall Street, New York 5, 
New York. 

Industrial Laboratories 

Schwarz Laboratories, Inc., 202 
East 44th Street, New York 17, an¬ 
nounces the availability of barium 
fructoae-6-phosphate, dipotasium glu¬ 
cose-1-phoaphate, and barium phos* 
phoglyceric acid, three phosphory- 
latad compounds used in studies of 
fermentation or enzyme reactions. 

DuPont Company has begun con¬ 
struction in Philadelphia of a new 
$2,000,000 building, to be known as 
the Marshall Laboratory. It will 
be four stories high and will house 
laboratory facilities for research in 
paints, varnishes, enamels, synthetic 
resins, and other finishing materials. 

A fused phosphate fertilizer, es¬ 
pecially suitable for use on magne¬ 
sium-deficient soils, is now being pro¬ 
duced on a commercial scale by Man¬ 
ganese Products, Inc., at Seattle, 
Washington. The new fertiliser does 
not rot bags, requires no curing 
period, and is nonacid in its reaction. 

Meetings and Elections 

The United Nations Scientific 
Conference on the Conservation 
and Utilization of Resources will 
be held August 3 7-8eptember 6 at 
Lake Success. Meetings will be hold 
at 10: 30 a.m. and 3: 00 p.m. The 
full program follows: August 17, 
morning, plenary meeting, Introduc¬ 
tory and Welcoming Addresses; 
afternoon, plenary meeting, The 
World Resources Situation; August 
t&, morning, plenary meeting, The 
World Resources Situation—A 
World Review of Critical Shortages; 
afternoon, plenary meeting, Using 
and Conserving Resources— Inter* 
dependence of Resources; August 
19, morning, section meetings, Now 
Techniques for Increasing Coal Pro¬ 
duction, The Appraisal of Water 
Resources, Forest Inventories, Hetli- 
uds of Soil Conservation, Storage 


SCIENCE 


and Preservation of Agricultural 
Products; afternoon, plenary meet¬ 
ing, Using and Conserving Resources 
—Soils and Forests; August it, 
morning, section meetings, Under¬ 
ground Gasification of Coal, Water 
Supply and Pollution Problems, Pro¬ 
tection of Forests, Soil Conservation 
—Organization and Evaluation of 
Programs, Changes in Abundance of 
Fish Populations; afternoon, ple¬ 
nary meeting, Using and Conserv¬ 
ing Resources—Fuels; August S3, 
morning, section meetings, Mineral 
Supplies and Their Measurement, 
Coal Carbonization, Comprehensive 
River Basin Development—A Sym¬ 
posium, Forest Management, Soil 
Surveys—Research in Relation to 
8 Conservation; afternoon, ple¬ 
nary meeting, Using and Conserving 
Resources-—Metals and Minerals ; 
August S4, morning, section meet¬ 
ings, Increasing Mineral Resources 
by Discovery, New Techniques for 
Increasing Coal Production, Drain¬ 
age Basin Management, Aids to 
Farming, Management and Cultiva¬ 
tion of Fresh Water FUh; after¬ 
noon, plenary meeting, Creatable Re¬ 
sources: The Development of New 
Resources by Applied Technology; 
August tS , morning, section meet¬ 
ings, Conservation in Manufacture, 
Techniques of Oil and Gas Discovery 
and Production, Protective Func¬ 
tions of the Forests, Improving Soil 
Productivity, Fisheries Statistics; 
jifternoon, plenary meeting, Methods 
of Resource Appraisal; August t$, 
morning, section meetings, Inorganic 
Fertilizers and Conservation, New 
Techniques for Increasing Produc¬ 
tion of Oil and Gas, Water Control 
Structures, Administration of For¬ 
ests, Game and Fur Conservation; 
afternoon, plenary meeting, The 
Adaptation of Resource Programs; 
August id, morning, section meet¬ 
ings, Oil Chemist xj, Flood Control 
and Navigation, Logging and Saw¬ 
mill Techniques, Seeding and Res¬ 
toration of Natural Grazing Lands, 
Management of Wildlife Resources; 
afternoon, plenary meeting, Assess¬ 
ing Resources in Relation to In¬ 
dustrialization Plans; August SO, 
morning, section meetings, Conser¬ 
vation and Mining and Milling, 
Utilisation of Energy, Irrigation 
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and Drainage, Protection of Crops 
and Grasslands, Livestock Breeding ; 
afternoon, plenary meeting, Educa¬ 
tion for Conservation; August SI, 
morning, section meetings, The Out¬ 
look for Future Discovery—A Sym¬ 
posium, Utilization of Energy, Pres¬ 
ervation and Chemical Utilization of 
Wood, Crop Policy and the Feeding 
of Livestock, Opportunities for the 
More Effective Use of New Agricul¬ 
tural Lands; afternoon, no meet - 
ings; September l f morning, section 
meetings, Conservation by Corrosion 
Control, Utilization of Fuel, Hydro 
Power and Other Water Uses. Live¬ 
stock Diseases and Tests, Research 
in the Conservation and Utilization 
of Marine Resources; afternoon, 
plenary meeting, Resource Tech 
niques for Less Developed Ooun 
tries; September S, morning, section 
meetings, Conservation by Substitu 
tion, Plant Breeding, Condition of 
Grazing Lands, Developing Fishery 
Resources; afternoon, plenary meet¬ 
ing, Resource Techniques for Less 
Developed Countries—Labor and 
Public Health Techniques ; Septem¬ 
ber 5 , morning, plenary meeting. 
The Integrated Development of 
River Basins—The Experience of the 
Tennessee Valley Authority; after 
noon, plenary meeting. The Int.e 
grated Development of River Basins 
—A Symposium on Public Policy; 
September €, morning, plenary meet¬ 
ing, Review of the Conference—A 
Symposium on Future Lines of 
Study and Directions for Progress; 
afternoon plenary meeting, Conclud¬ 
ing Session. 

A symposium on mineral nutri¬ 
tion ol plants will be held at the 
University of Wisconsin on Septem¬ 
ber 1-3. It will be followed on Sep¬ 
tember 5*7 by a related symposium 
on plant growth substances. 

The Tenth Annuel Research 
Conference of the Institution Dlvi 
Thomas and its affiliated units will 
be held in Cincinnati, September 6-9. 
Elton S* Cook, dean of research and 
head of the Division of Chemistry 
and Biochemistry, will act as general 
chairman. Reports vtfH be presented 
on research in rim fields of oaneer, 
enzymes, growth, microbiology, and 
physics and physical ehaaiistry, 
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The American Physiological So¬ 
ciety will hold Its regular fall meet' 
ing on September 14-17 at the Shera¬ 
ton Bon Air Hotel and in the labora¬ 
tories of the School of Medicine of 
the University of Georgia, Augusta. 

A symposium on plasma proteins 

will be held in Chicago September 
23-24 under the auspices of the Uni¬ 
versity of Illinois College of Medi¬ 
cine and sponsorship of the Robert 
Gould Research Foundation. The 
foundation is at present, devoting its 
funds primarily to support of sci¬ 
entific research in animal and hu 
man nutrition. 

The Institute of Radio Engi¬ 
neers and the Radio Manufacturers* 
Association have appointed Donald 
G. Fink and John V. L. Hogan, fel¬ 
lows of the Institute of Radio Engi¬ 
neers, as chairman and vice chair¬ 
man respectively of the Joint 
Technical Advisory Committee. 
Laurence G. Cumming, senior mem¬ 
ber of the Institute of Radio Engi 
neers, was reappointed secretary of 
the committee, AU three will serve 
for the term July 1, 1040-July 30, 
1950. 

The American Astronomical So¬ 
ciety elected the following officers 
at Its recent meeting in Ottawa: Al¬ 
fred H. Joy, president; Dirk Brou¬ 
wer, vice president; G. M. Clemence, 
G. P. Kuiper, and Andres McKellar, 
councilors. J. J. Nassau, treasurer, 
and C. M. Huffer, secretary, were re¬ 
elected. 

The American Society for Engi¬ 
neering Education, at its annual 
convention at Rensselaer Polytechnic 
Institute, announced the election of 
the following new officers i president, 
Thorndike Savillo, dean of engineer¬ 
ing at New York University; vice 
presidents, B, J. Robertson, profes¬ 
sor of mechanical engineering at the 
University of Minnesota; H. H. 
Armsby, specialist in engineering 
education, U. 8. Office of Education; 
and F. E. Toman, dean of engineer¬ 
ing at Stanford University. 

Au international symposium on 
morphogeneria was hold under the 
auspieee of the Centro National de 
lA Beelmrcho Bcietttidque iu Straa 
j-'WSy. 4~ML Thebe- 


tanical and zoological part of the 
program had been organized by Dr*. 
Gautheret (Paris) and Wolff (Stras¬ 
bourg), respectively. The opening 
address on * 1 The Future of Morpho¬ 
genesis M was given by Paul Weiss 
(Chicago). Individual reports dealt 
with the following topics: vitamins 
in morphogenesis (Bchopfer, Bern); 
estivation (David, Bordeaux) ; mo¬ 
lecular problems of morphogenesis 
(Faur$-Fr4miet, Paris); mechanisms 
of sea urchin development (Hoersta* 
dius, Uppsala); rhizogenesis (Bouil* 
leune, Lifcge); chemical regulation 
of plant organogenesis (Bkoog, Wis¬ 
consin) ; correlations in plants 
(Champagnat, Strasbourg) ; regula¬ 
tion in amphibians (Palcq, Brus- 
Hftis) ; development of amphibian lens 
(Woerdemanu, Amsterdam); phyllo- 
taxis (Plantefol, Paris); experi¬ 
mental morphogenesis in lower plants 
(Hnrel, Paris); experimental embry¬ 
ology of Tubifex (Lehmann, Bern); 
experimental embryology of Limnaea 
(Raven, Utrecht); induction in 
avian development (Waddington, 
Edinburgh); regulation in avian de¬ 
velopment (Wolff, Strasbourg) ; tu¬ 
mor growth (White, Philadelphia); 
tissue culture and histogenesis (Gau¬ 
theret, Paris); dedifferentiation in 
plants (Buvat, Paris); induction in 
annelid regeneration (Avel, Bor¬ 
deaux) ; cell migration in planarian 
regeneration (Dubois, Strasbourg); 
development of flowers (Emberger, 
Montpellier). Participants report 
that the bilingual discussions brought 
ample proof of the need for close 
contact among botanists, zoologists, 
histologists, and biochemists in the 
analysis of morphogenesis. The har¬ 
monious spirit which prevailed dur¬ 
ing the conference augurs well for 
continued fruitful Interchange among 
workers in this field on an interna¬ 
tional scale. 

Deaths 

Btrasrd E. Read, 8S, acting di- 
rector of the Henry Lester Institute 
In Shanghai, died In Shanghai on 
June 12, Dr. Read had taught and 
conducted research in Ohiaa almost 
continuously since he went to Peiping 
Union Medical College in 1900 to 
head the Department of Pharmacol¬ 
ogy and Chemistry; He is the Author 


of the six-volume text Chinese mo* 
Uric medica* Since 1032 Dr, Read 
had been In Shanghai and was in¬ 
terned there during the war. He 
later reestablished the institute, 
which had been pillaged of its equip¬ 
ment by Hie Japanese. 

Roy Selden Cook, 68 , professor 
of chemistry and head of the De¬ 
partment of Chemistry of Mary 
Washington College of the Univer¬ 
sity of Virginia, died of a heart 
attack on June 18 at Fredericksburg, 
Virginia. 

Charles Alfred Weatherby, 73, 
research associate of the Gray Her¬ 
barium of Harvard University, died 
June 21 at his home in Cambridge, 
Massachusetts. Mr. Weatherby had 
served as a member of the Interna¬ 
tional Commission on the Nomen¬ 
clature of Plants since 1935 and was 
recently appointed a vice-president 
of the Section on Nomenclature of 
the International Botanical Congress 
to be held in Stockholm in 1950. 

William Frederick Prouty, 60, 
head of the Department of Geology 
and Geography at the University of 
North Carolina, died June 27 of a 
heart attack. Dr. Prouty had done 
extensive research on the origin of 
the bays and lake basins of the Caro 
Unas. 

Robert A. Blum, 28, research as 
seriate of the Yerkes Laboratories of 
Primate Biology, Orange Park, Flor¬ 
ida, with rank of assistant profes 
sot at Yale University, died June 30. 

Alexander MacLeod Fraser, 42, 
professor of pharmacology at Dab 
housie University Medical School, 
Halifax, Nova Scotia, died on July 
8. Dr. Fraser had been at Dalhousie 
less than a year and previously he 
had held the rank of of assistant 
professor at McGill University. 
During World War It he was en¬ 
gaged in the study of the physiology 
of high altitudes. 

Wallace W. Atwood, 70, presi¬ 
dent emeritus of Clark University, 
Worcester, Massachusetts, died July 
24, Dr. Atwood was professor of 
physiography at Harvard University 
from 1918 to 1020. He founded the 
Clark School of Geography and di¬ 
rected It until his retirement 
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Plans have been announced for 
publication of the Proceedings of 
the Seventh Pacific Science Con¬ 
gress, held in New Zealand in Feb¬ 
ruary. It is expected that the print¬ 
ing will be completed by March, 
1950. The six volumes—which com¬ 
prise general proceedings; geology, 
geophysics and volcanology; meteor¬ 
ology and oceanography; zoology; 
botany and soil resources, agricul¬ 
ture and forestry; and anthropology 
—will bo sold at a total estimated 
cost of $20.80, or as single volumes. 
The larger tbo initial order for print¬ 
ing, the lower the cost of the individ¬ 
ual volumes will bo. Early registra¬ 
tion, therefore, with the Secretary- 
General, Pacific Science Congress, 
Box 27, Newmarket, Auckland S. E. 
1, New Zealand, will contribute to 
lowering the cost. Complimentary 
copies of the proceedings will be 
available only to official mombers of 
the congress. 

The Hall of Comparative Anatomy 
of the American Museum of Nat¬ 
ural History has placed on exhibit 
a domostic donkey, last mounted 
specimen of the late S. Harmsted 
Chubb, who at the time of his death 
on May 6, 1940, was associate cura¬ 
tor emeritus of comparative anatomy. 
Dr. Chubb had developed a realistic 
technique for mounting animals to 
show their characteristic action. The 
entire collection of Ids specimens, 
prepared during his forty-eight 
years at the Museum, will remain 
on permanent display there. 

The Director of Translators and 
the Translations Pool (see Science, 
June 10, page 601) are now both 
under the sponsorship of the entire 
Special Libraries Association located 
at the Southwest Research Institute 
in San Antonio, Texas. The ex¬ 
panded services of the Translations 
Pool now include cards for 18,000 
translations. 

Studies in Air Hygiene, a report 
on the * techniques for reducing 
airborne bacterial contamination 
through the use of filters, ventilating 
equipment, and chemical sprays, is 
now available. The report, published 
by the British Medical Research 
Qouacil, dismi ss es various instru¬ 
ments for sampling air; chemical, 


ultraviolet, heat, and filtration meth¬ 
ods of air disinfection; field studies 
of air contamination in public places, 
homes, factories, and warships; and 
various air disinfection methods now 
available. The report may be ob¬ 
tained from British Information 
Services, 80 Rockefeller Pfiusa, New 
York 20, New York, at $2.36. 

The Veterans Administration 
Hospital at Hines, Illinois is seek¬ 
ing a biochemist for its recently ea-‘ 
tablished neuropsychiatrio labora¬ 
tory. It is preferable that the ap¬ 
plicant have a Ph.D. and experience 
in medical research. The starting 
salary for this position is $6,232 n 
year, with periodic increases up to 
a maximum of $6,235. 

The Southern Association of 
Science and Industry has adopted 
as its official publication the now 
Journal of Southern Research. The 
journal contains a section reviewing 
technical works of Southern authors, 
a page listing patents issued to 
Southern inventors, and a news sec¬ 
tion devoted to the activities of 
Southern scientists. 

Recently Received— 

International Council of Scientific 
Unions, report of the Executive 
Committee for 1948. Printed at 
the University Press, Cambridge, 
England. Price 5». 

Nutrition Surveys: Their Techniques 
and Value. (NEC bull. 117). 
Published by the National Re¬ 
search Council, National Academy 
of Sciences, Wash. 25, D. C. 
Price $1.50. 

Vertebrate Embryology by Richard 
M. Eakin. (University of Cali¬ 
fornia Syllabus Series No, 314). 
University of California Press, 
Berkeley and Los Angeles. $1.25. 

‘ 1 Murex Limited ’ 9 (descriptive book¬ 
let outlining availability and in¬ 
dustrial uses of Murex metal¬ 
lurgical and chemical products). 
Murex Ltd., Rolnham, Essex, Eng* 
land. 

Proceedings of the Auburn Confer¬ 
ence on Statistics Applied to Re* 
search in the Social Sciences, 
Plant Seieftcec, and Animal Set- 
cnees, September 1948. Sta¬ 


tistical Laboratory, Alabama 
Polytechnic Institute, Auburn, 
Alabama. 

Tracts for Computers: Random Nor¬ 
mal Deviates, by Herman Wold. 
(No. XXV.) Cambridge Univ. 
Press, 51 Madison Avenue, New 
York 10, N. Y. $1.25. 

Nuclear Instrument Handbook. (Re¬ 
printed from Nucleonics.) Mc¬ 
Graw-Hill Publishing Co., New 
York 18, N. Y. 

Cinchona Review edited by Albert 
Hemming. Cinchona Products In¬ 
stitute, Inc., New York, N. Y. 

Eight of Way Maintenance by Flant- 
dommunity Management by Frank 
E. Egler. Copies available from 
Conn. Tree Protective Association, 
Waterbury 84, Conn, at 30f. 

Proceedings of the Federal Inter- 
Agency Sedimentation Conference 
(held at the Buroau of Reclama¬ 
tion Laboratories, Denver, Colo¬ 
rado, May 0-8, 1047). Prepared 
for publication by the Bureau of 
Reclamation, U. S. Dept, of the 
Interior, Washington, D, C., from 
which copies are available foT 
limited distribution. 

Electroniqua Magnctonique et Radia¬ 
tion by Maurice Ducharme. Mon¬ 
treal Radio College, Montreal, 
Canada. 

Conference on Metabolic Aspects of 
Convalescence: (1) Transactions 
of the Sixteenth Meeting, New 
York, October 27-28, 1947, (2) 
Transactions of the Seventeenth 
Meeting, New York, March 29-30, 
1048. Available from Josi&h 
Macy, Jr. Foundation, New York 
21, N. Y. at $3.00 and $4.00 re¬ 
spectively. 

Make Plans for— 

Conference on Low Tempera* 
ture Calorimetry, September 19, 
Massachusetts Institute of Technol¬ 
ogy, Cambridge. 

American Chemical Society, 
116th national mooting, September 
18-23, Atlantic City, New Jersey. 

Hhninsting Engineering So- 
dety, national technical conference, 
September 19-£3, French liiek, In- 
" dtama. 
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Civil Liberties of Scientists 


On December SO, 1947 the AAA8 Council patted a 
resolution instructing the President of the Association 
to appoint a Special Committee on Civil Liberties for 
Scientists, Maurice B, Visschcr teas named chairman, 
ami with Philip Bard, Robert E. Cushman, Richard L, 
Meier, and James R, N women as members, and Walter 
Oellhorn as consultant, the Committee completed its i»- 
vestigations and submitted a 77 page report of findings 
and recommendations in December 1948, The full text 


T HERE IS AT PRESENT a tendency in 
public thinking to relate scientific activity 
almost wholly to military activity, exposing 
scientists more than most occupational groups 
to sustained and stringent limitations upon their pro¬ 
fessional freedom. Fearful lest these limitations ex¬ 
ceed justifiable bounds, jeopardize the national wel¬ 
fare, and infringe the rights of scientists, the Amer¬ 
ican Association for the Advancement of Science, in 
December 1947, created a Special Committee on the 
Civil Liberties of Scientists. 

The present report embodies its conclusions and 
recommendations with respect to three main areas: 

1. Restrictions on research and scientific informa¬ 
tion; 

2. Measures to assure the personal reliability of 
scientists having access to confidential data; 

3. Inquiries relating to the "loyalty” of scientific 
workers in federal employment. 

Conclusions 

I 

Secrecy is damaging to both science and democracy. 
In both, progress and the detection of error depend 
upon open discussion and free interchange of ideas 
among widely divergent and widely separated groups, 
0 Yet today, in the United States, we have within the 
body of science large regions of secrecy. We endorse 
the statement of the President's Scientific Research 
Board, which in its 1947 Report on Science and Public 
Policy said: "Strict military security in the narrow 
sense is not entirely consistent with the broader re¬ 
quirements of national security. To be secure as a 
Nation ;i 'eltatet* conducive to the 

full flowering of free inquiry. However important 
secrecy about military weapons may be, the funds* 
mental dbeovei^ ^ 

to ^ . Security regulations, 

therefore, should be ^^ 


ica« referred to the Council, which voted bp an over¬ 
whelming majority to publicise the findings, and it is 
planned ultimately to make the complete report available 
at cost to those who want access to it. Announcement 
will be made in Science when Maurice B . Visschcr and 
E. C. Stakman have concluded editorial revisions and the 
report is ready for distribution . Meanwhile f by vote of 
the Executive Committee at its meeting July 7, the con¬ 
clusions and recommendations are published herewith . 


sary and then limited to specific instruments, ma¬ 
chines or processes. They should not attempt to cover 
basic principles of fundamental knowledge.” 

II 

No matter how the area of secrecy may be delimited, 
there will undoubtedly remain some matters of scien¬ 
tific cognizance which should be kept confidential. So 
long as national policy dictates that secrecy be ob¬ 
served, the reliability of persons to whom these mat¬ 
ters are entrusted must be assured; hence inquiries 
into the character and attitudes of these persons are 
warranted. 

If national as well as individual interests are to be 
protected, however, improvements must be achieved in 
the policies and procedures of our present security 
clearance programs as they affect scientists who will 
be entrusted with classified information. 

The Atomic Energy Commission and the National 
Military Establishment are the chief agencies con¬ 
cerned with the trustworthiness of scientists who have 
access to "restricted” or "classified” data. Neither of 
these agencies furnishes the affected scientist any 
statement 6f the reasoning underlying a conclusion 
which is adverse to him; neither one sets forth chargee 
in a precisely formulated fashion; neither one re¬ 
quires that testimony used against an individual be 
made known to him, or that even casual and non¬ 
official informants be identified and produced for 
examination ; neither one provides for the making of 
specific findings of fact; neither one undertakes to 
record and publish ite opinions in a way which makes 
possible any public understanding or analysis of the 
determinations made. 

In some respects the procedures of the Atomic 
Energy Commission are more fully elaborated than 
those of the National Military Bstablisin^^ 
the military ctearance of the latter may affect ^ 
millions of employees of priyate industry engaged in 
the planning ^ bf artiries tor military 
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use. A military determination that Clearance should 
not be granted a civilian scientist is subject to appeal 
to the Industrial Employment Review Board (IERB), 
composed of Army, Navy, and Air Force officers. 
Procedings of the IERB are themselves “classified,” 
which means that even the immediately affected em¬ 
ployee is forbidden to discuss them, keep notes about 
the handling of his own ease, or possess a copy of the 
record of the hearing. Despite the fact that its 
decisions have a drastically important impact upon 
Hie lives and careers of civilians entirely outside the 
public service, the tribunal is exclusively military in 
its composition and there is no opportunity for review 
of its judgments by an appellate body differently con¬ 
stituted. SuCh subjection of the destinies of civilians 
to military tribunals is contrary to national tradition. 
Quite apart from procedural inadequacies, the present 
organisation for deciding security clearance cases is 
open to basic criticism. 

The Atomic Energy Commission has recently mani¬ 
fested a tendency to require security clearance not 
only for those scientists who themselves have access 
to restricted data, but also for their fellow scientists 
with whom they may have personal contaot. This is 
graver in its implications than even the serious pro¬ 
cedural and administrative imperfections already 
noted. At Brookhuven National Laboratory, for ex¬ 
ample, where only perhaps one-tenth of the scientific 
personnel works within the area of secrecy, all sci¬ 
entists must be cleared as a condition of employment. 
This apparently reflects a yielding to uninformed or 
sensationalist legislators and others who tend to ex¬ 
aggerate the problem of “keeping our atomic secrets.” 
The effect of the excessive precautions is to discourage 
participation in important research activities closely 
linked to the nation's well-being. Scientists are in¬ 
creasingly reluctant to commit their personal and pro¬ 
fessional reputations to those who have brought frivo¬ 
lous charges against respected colleagues. Moreover, 
the delays and expense often involved in obtaining 
security clearance deter qualified persons from enter¬ 
ing the atomic energy program. 

80 far as disclosures of evidence reveal, the prob¬ 
lem of faithless scientific personnel in this country 
appears to be markedly less grave than the public 
has been led to suppose* Moreover, informed scien¬ 
tists are in broad agreement that restricted data can¬ 
not be readily transmitted to unauthorised persons. 
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lists who do not have or desire to have access to 
restricted data, it is likely that many of the most 
penetrating and original scientific minds will be turned 
to pursuits unrelated to further development of the 
atomic energy program. Work in that field will be 
*hugned by men of ability and pride if they are con¬ 
stantly treated as objects of suspicion and possible 
calumny. 

Ill 

I 

Executive Order No. 98H5 provides that no person 
-shall be employed in a federal post if he is believed to 
lie disloyal to the government of the United States. 
This Loyally Order does not supplant, existing pro¬ 
visions for summary removal of employees on security 
grounds. Entirely without reference to security con¬ 
siderations, the Order seeks to assure “complete and 
unswerving loyalty to the United States” on the part 
of all those who are in its service. 

No one doubts the importance of faithful discharge 
of duty by public officials. No one questions the 
propriety of the government’s demanding that its 
employees be loyal to their jobs and to the democratic 
institutions they serve. The Loyalty Order is, how¬ 
ever, basically objectionable because it seeks to deter¬ 
mine the employee’s loyalty by inquiring into his sup¬ 
posed thoughts and attitudes, which are established 
in large part by imputing to him the beliefs of his 
associates. 

If fhe Loyally Order is to be retained, a drastic 
revision is essential. Instead of focusing on an em¬ 
ployee’s associations, it should focus on his behavior 
in overt acts. Legislation alrefldy on the statute books 
amply protects the federal service against retention 
of employees who advocate overthrow of the gov¬ 
ernment. 

Insofar as the Loyalty Order purports to deal with 
such matters as espionage, sabotage, and disregard of 
instructions, it is wholly superfluous, since conduct 
of that character is not only criminal but is also fully 
subject to administrative disciplinary action under 
existing law and regulations* The failure to confine 
the Loyalty Order to matters of objective proof has 
engendered a feeling of insecurity in public employ¬ 
ment and may be expected to lessen the vigorous in¬ 
tellectual independence which is a prime condition of 


sound scientific work as it is of an imaginative civil 
service. “Experimentation there may be in many 
In ^tfa* circumstances which exist rather than those things of deep concern," Judge. Cardoao once wrote, 

which are fancied to exist, the stringent application ‘ but not in setting boundaries to thought, for thought 

of personnel security clearance should be limited to freely communicated is tbe indispensable condition of 

smaller numbers of seUmtista rather than extended to intelligent experimentation, the one test Of Its valid' 

ever larger^ If^ ifdouetoreverse the ity> Unless there is elimination of the Oider^ 
present trend ie require setarity clearance of arien- present emphasis on attitude rather than conduct, the 
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nation will suffer heavily from the present loyalty 
program. 

Even if the Loyalty Order were to be continued 
without revision of its underlying philosophy, impor¬ 
tant changes in administrative methods are urgently 
needed. The present loyalty boards discharge simulta¬ 
neously the functions of advocacy and adjudication. 
The content of the charges they issue and the conduct 
of the proceedings over which they preside do not 
assure that the facts and their implications will be 
fully explored. The organizations with which an em¬ 
ployee may be identified are finally and conclusively 
characterized by the Attorney General without either 
the employee’s or the organization’s having any op¬ 
portunity whatsoever to establish that the Attorney 
General was not fully informed. These end other 
procedural deficiencies can be corrected readily. So 
long as they remain, they accentuate the possibility 
of error in the loyalty program. 


The fundamental shortcomings in the Loyalty Order, 
however, are not procedural. Bather, they are to be 
found in the very conceptions which the Order ex* 
presses. Beftneznent of administrative methods and 
gentility of official behavior are important, to be sure. 
But they are not basic. Until the Loyalty Order deals 
with the way employees act, rather than with the way 
they supposedly think, we shall inhibit the freedom 
and encourage the insecurity of our public servants. 
The cost will in the end be borne not by the em¬ 
ployees who are deprived of their normal freedom to 
believe and behave as they wish within the limits law 
has set. It will be borne by the nation as a whole. 

Ah President Truman recently asserted, “Continu¬ 
ous research by our best scientists is the key to Amer¬ 
ican leadership and true national security. This work 
may be made impossible by the creation of an atmos¬ 
phere in which no man feels safe against the public 
airing of unfounded rumors, gossip, and vilification.” 


Challenge to Social Science 

Bruce Stewart 

Missouri Valley College, Marshall, Missouri 

T HE 1NDUSTBIAL REVOLUTION is a term 
that the elder Toynbee used to describe the 
historical shift in the basis of human culture 
from agrarian to industrial. The student gen¬ 
erally learns a few names of men associated with this 
period—Watt, Whitney, Hargreaves—and their re- 
npective inventions, but only rarely does he discern 
their relationship to the problems before which the 
world now trembles. The fact is, however, that the 
revolution is moving on more rapidly during his life¬ 
time than ever before, and engineering, chemistry, 
electronics, aviation, biology, and many other sciences 
nre contributing to it. 

The intellectual equipment for making this change 
was perfected by the labors of a host of men, scat¬ 
tered over a period of two thousand years. The scien¬ 
tific method that they applied to the material world 
has loosed u torrent of discoveries. 

Many results of these discoveries were beneficial 
apd brought higher standards of living. Mass pro¬ 
duction could succeed only on a base of mass power 
te consume, more leisure, end the broadened knowL 

stemmed firotn mass com¬ 
munication and tran«jK>rtfltkm, 


One profound change has been the shift from inde¬ 
pendence to interdependence. When the simple life 
prevailed, contacts were individual, relationships were 
uncomplicated and characterized by a high degree of 
self-sufficiency and independence. Today we know 
the paralysis that can occur with the breakdown of 
any of the numerous lines of supply within a notion. 

Nations are as interdependent as their citizens. 
Vitally needed products must be exchanged through¬ 
out the world, and an economic depression in any 
leading nation means that all others will be similarly 
affected. Any science or organized knowledge is the 
joint product of men all over the world. 

This interdependence has led to an extension of 
moral values from the personal and community level 
to the national and international level. Individual 
morality becomes inadequate when it is possible for 
a person to refrain from stealing from his neighbor, 
lying to him, cheating or killing him and yet advocate 
national or international policies that lead to moss 
destruction of peoples. The most humane and kindly 
individuals may be greatly disturbed at the suffering 
of one child but innocently contribute to wholesale 
suffering and deftth thousands of miles away. 
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Maw* civilization baa impersonalized relationships 
between men, When one killed with the sword, he 
saw his antagonist fall, saw his blood, and heard his 
dying gasps. To the killer this was real In modern 
war a plane dies over a city, a man in the plane 
presses a button, and ten or ten thousand people may 
die. The killer himself is only the final link in a long, 
mechanized, and impersonal chain of events, and even 
he does not witness the deaths of the people he kills. 
Successful war now means total war, and the civilian 
comes to suffer more than the soldier. 

, Being moral involves, therefore, much greater 
knowledge of national and world events. It makes 
greater demands upon the intelligence of people who 
have become citizens of the world whether they hap¬ 
pen to like it or not. Good intentions are less and less 
adequate to the situation. 

Natural science has become “dehumanized,” as 
James Harvey Robinson (7) so clearly described. Its 
adherents have in large measure become so specialized 
that they give little consideration to the effects of their 
discoveries on the population or how their techniques 
and knowledge might help solve problems. In this 
unawareness they have been burrowing into nature 
and throwing up great heaps of specialized informa¬ 
tion and expending little effort on organizing and 
utilizing it to best social advantage. As Robinson 
said a quarter century ago: 

We are forced to ask ourselves whether it ie safe, since 
our life has come to be so profoundly affected by a de¬ 
pendence ou scientific knowledge to permit the great mosB 
of mankind and their leaders and teachers to continue to 
operate on the basis of presuppositions and prejudices 
which owe their respectability and currency to their great 
age and uncritical character and which fail to correspond 
with real things and actual operations as they are com¬ 
ing to be understood. Even the more magnificent scien¬ 
tific discoveries, especially those of recent years, have not 
penetrated into our general education and are entirely 
disregarded in most discussions of social problems. 

This has led to what a symposium of British scien¬ 
tists called "The Frustration of Science (5).” The 
original aims and*basic intentions are clear enough. 
The physicist Harold Urey (8) says: 

I believe I speak for the vast majority of all scientific 
men, Our object is not to make jobs and dividends. 
These are a means to an end, merely incidental. We, 
wish to abolish drudgery, discomfort and want from the 
liven of ften and bring them pleasure, comfort, leisure 
and beauty. Often we are thwarted hut in the end we 
will succeed. 

One sees on every hand, however, that Bacon's gun- 
powde^ for example, can be used either for food or 
for homiride j ^cfbel^ dynamite, a* he discovered, for 
engineering jb* for bombe : the automobile and ship 


for the spread of culture or for tanks and destroyers; 
the Wrights’ airplane to bind the world more closely ( 
together or blow it to pieces; organic chemicals for 
life-saving drugs or krcredibly potent poisons; knowl¬ 
edge of microorganisms for the conquest of disease 
or bacteriological warfare; and radioactivity for medi¬ 
cine and power or for the obliteration of cities and 
naffons, How are we to determine what the alterna¬ 
tive will bet We cannot follow our present rate of 
destruction very far and survive. 

Men have begun to ask themselves, “What can we' 
do to solve the frightening difficulties into which our 
distorted ingenuity has led uet” Since the rise of 
biology, psychology, sociology, and anthropology dur¬ 
ing the last century we have been compelled to recog¬ 
nize that it is possible to apply scientific procedures 
to the problem of comprehending, predicting, and in¬ 
telligently controlling human behavior. The old stere¬ 
otype of science as frozen content, limited to a small 
number of fields, persists, however, despite the fact 
that its history shows, in the words of Karl Pearson, 
that it "is not peculiar to a certain subject matter.” 

More specifically, a series of writers have main¬ 
tained with increasing effectiveness that scientific 
methods are applicable to social problems—during the 
last century John Stuart Mill, Auguste Comte, and 
Karl Pearson; more recently Graham Wallas, James 
Harvey Robinson, Harry Elmer Barnes, and John 
Dewey. The last five years have brought the pub¬ 
lication of Lundberg’s Can science save usf (J) ; Wil¬ 
liams- Human frontier (9), expressing the approach 
of the biochemist; Human nature and enduring peace 
( 6 ), the psychological analysis of the war, edited by 
Gardner Murphy; and Stuart Chase’s Proper study of 
mankind (1), giving the coordinated approach to man 
of many social scientists. We should not omit Lynd's 
admirable Knowledge for what? ( 4 ) and Mayo’s The 
social problems of an industrial civilisation (5) . 

Organizations, too, have been active—among them 
Yale University’s Institute of Human Relations and 
the Society for the Psychological Study of Social 
Issues. Several foundations for humanics and scien¬ 
tific industrial relations are in process of develop¬ 
ment throughout the country. All these efforts point 
in the direction of a new synthesis of information 
from many fields, information which is relevant to 
the solution of modern problems. 

The American sociologist Ogburn devised the term 
"cultural lag” to describe the failure of the social 
phase of culture to keep up with thapbysieal. It Is 
now a platitude to that aci^tific ^ 
foust be applied to haman problems if we wish to 
foduee this ominous lag. What wifi this mean in the 
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Social science in a flexible term, embracing Malory, 
economics, political science, and sometimes education, 
sociology, and psychology. Some institutions of 
higher learning are beginning to classify psychology 
with the biological sciences. Only in sociology and 
psychology have scientific methods been practiced 
systematically. ]£ the social sciences are to grow-- 
as they must if man is to survive—certain improve¬ 


ments are necessary, 

(1) The success of the natural sciences con be 
credited very largely to the constant reconstruction of 
ideaH. Proponents of the Matum quo are the villains 
of their history, when known at all. The experience 
of these sciences lms been that there is no progress 
unless someone is con tinually finding (fault with things. 
Only in this way etm old concepts be strengthened and 
new ones discovered. Fending off criticism weakens a 
cause by denying it the opportunity to grow and to 
keep in close contact with a changing world. 

It is not easy to invite criticism even in the physical 
sciences, where most data are inanimate objects. In 
the social sciences, where datn are the intangible 
thoughts and emotions of people, this difficulty be¬ 
comes the primary concern. What is its source? 

In social inquiry we tend to identify our own ego 
with various concepts which we accept, and to regard 
criticism of ideas ns destructive criticism of the per¬ 
sonality holding them—as it too frequently is. It is 
tragic to see reputable social scientists falling victim 
to this tendency. 

The solution has already been found, not only by 
physical science but by many ordinary people who 
have achieved the capacity to dissociate judgment of 
the rnan from the ideas held. There is need for social 
criticism if it is offered in a constructive spirit. 
Everyone should seek it eagerly and be able to profit 
from it, gnining the advantage of a great positive 
force. We agree that everyone is fallible. Science has 
shown how this fallibility may be combated most 
effectively in n way that preserves mutual respect and 
offers the thrilling experience that accompanies n joint 
search for truth. 

(2) One of the primary objectives of criticism is 
stimulation of new ideas. Social science has hereto¬ 
fore looked t-oo much to the past for answers to its 
problems. This does not mean that there is no value 
in the past. It does mean that the complex problems 
of an interdependent and technological universe are 
unique in human history and that unique solutions 
must be devised. 


We venerate leaders of the past precisely because 
Fere courageous and farsighted enough to chair 
lenge old concepts with new ones for a new age. The 


fact that a problem exists is proof that old concepts 
have proven inadequate to the situation. The uni¬ 
verse is dynamic and change is eternal* Human in¬ 
stitutions and problems are the most rapidly evolving 
segments of it. Refusal to recognize and guide this 
change will merely insure greater confusion. 

If history demonstrates anything it is that a frigid 
reception is invariably accorded new social proposals. 
The social sciences stand now in their development 
where the physical sciences stood in 1600 and its 
innovators may expect a similar fate. Will we again 
require 400 years to achieve our goal? 

It is interesting to compare attitudes in the physical 
and the social sciences. We take pride in the newest 
and most modern gadget or technique. We are dis¬ 
turbed if the doctor evidences the slightest suggestion 
that he is “behind'the times,” since this may mean 
needless suffering. Rut in social matters we are 
equally proud of beliefs which wore current when dis¬ 
eases were treated by boring holes in the head. 
Barnes puts it picturesquely when he says, “The only 
place we prize antiques more than in our living rooms 
is under our hats.” 

It is true, as many maintain, that we should show 
a healthy skepticism toward new propositions until 
they have been proven. It is interesting to note, how¬ 
ever, that those who advocate such experimental test¬ 
ing of new concepts frequently do nothing to aasist it 
and in fact may do n great deal to prevent it. We 
must devise ways to keep the intellectual concrete 
from setting too early and too hard. 

(3) In the natural sciences we have learned the tre¬ 
mendous value of subsidizing the search for objective 
truth. This means criticism and new ideas against 
which there is determined opposition. Why? 

Change in human institutions is thwarted by several 
forces. First is the immense power of custom; one 
discovers early in life that things are done according 
to a set pattern and that fundamental deviation from 
it will surely be accompanied by ridicule and social 
disfavor. Closely related is that intellectual inertia 
which manifests fear of anything new. This fear 
cannot be inborn, since the same people will show no 
such fear of new physical concepts or devices once 
they have become habituated to the idea of change. 
There is also a lack of the information necessary for 
enlightened action. Finally there is special interest 
in the status quo, which is a tremendous force. 

How many agencies can the reader name that sub¬ 
sidize the analysis and reconstruction of human insti¬ 
tutions without respect to the results? Yet the value 
of objectivity has been demonstrated in the physical 
sciences. .Newton had no patents on gravitation, nor 
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did .Pasteur and tKoch have an investment to protect 
when the virus was discovered to be another cause 
of! disease besides the bacterium. 

The NAM will sponsor an investigation whose con- 
elusion has already been established, and the CIO will 
spend money to prove the opposite. People in such 
organizations do not invite even the most helpful criti¬ 
cism. Lobbies, pressure groups, and influential busi¬ 
ness interests represent highly effective instruments 
for thwarting scientific attack on problems. 

(4) Before any reliable information can be eom- 
mtinicated we must be sure that our words symbolise 
something that really exists and furthermore that they 
convey the same conception to everyone who is influ¬ 
enced by them. This is the principal aim of semantics 
and propaganda analysis, which, together with logic 
and statistics, are the indispensable tools of the social 
scientist. 

Although the original purpose of language was to 
communicate accurate information, its present misuse 
contributes to prejudices, destructive criticism, and 
frustration of new concepts. History uncritically 
preserves in its texts the most emotionalized and mis¬ 
leading language imaginable. Political economy and 
political science abound with sacred cows and verbal 
demons. Perhaps no language reform could succeed 
in making a true science of social problems but there 
is no doubt that decided improvement can be made. 

In the natural sciences, use of Greek and Latin has 
provided a symbolism to avoid the changed meanings 
and affective connotations of popular usage. It is too 
much to expect that such a symbolism could be applied 
extensively to social problems. The reason is not far 
to Heek, Those who support government by the ma¬ 
jority must recognize that; this majority is not likely to 
adopt such a mode of expression. 

Fortunately, however, we do not have td resign our¬ 
selves to the nightmares of distorted meaning which 
the semanticistH are able to select (is examples of our 
everyday speech. The average person can grasp a 
few simple rules that will avoid the present confusion. 

Let us illustrate one difficulty by returning to the 
word criticism. It denotes constructive analysis and 
yet hearing the word evokes a mental picture of an ill- 
adjusted, complaining egotist because these connota : 
lions have' been built up through popular use. The 
semanticist would probably advise the use of another 
word/ such as reconstruction. In a moment we will 
consider the operational approach to meaning. 

(5) Social science tends to get lost in a forest of 
particulars. Facts, although they are indispensable, 
can never tell us anything by themselves. Conclu¬ 
sions must be drawn from them. Disciples of the 
monographic school of historians of a half-century ago 


supposed that they could found a true science of his¬ 
tory upon a massive accumulation of facts on the sub¬ 
ject. But history as the record of human behavior can 
be understood and interpreted successfully only when 
there are some clearly defined standards for evaluation 
and objective techniques for processing data. Only 
in this way can the historian capture even partially the 
forces shaping events as they occur. 

A few fundamental principles of human behuvior 
are greatly needed for use in organizing its data. In¬ 
stitutions fail because they violate these principles—i 
governments fall, parties go out of (power, economic 
and social systems disintegrate. History lacks object 
live standards for evaluating its immense accounts, 
Facts are all things lo all men and can be made to 
point in any direction. 

Without a guide Id their meaning, facts alone, how¬ 
ever compendious, arc almost useless. Historians se¬ 
lect from a stockpile of past events (which make then- 
own appear trivial) those showing what they wish to 
show. Thus we see the tremendous scholarship of 
Toynbee and Gibbon and of von Ranke and Robinson 
producing opposite theories, and the only basis for se¬ 
lection we have is our own prejudice and desire. 

We have not yet realized the full significance of the 
elementary principle that there are causes for social 
phenomena. If we applied that principle we would 
renounce such attitudes as blame and condemnation of 
sin. These attitudes lead us away from an attack on 
causes und therefore away from cure and prevention 
of human ills. No physicist would kick his apparatus 
because it didn't work right. 

What should we think of a medical science that con¬ 
cerned itself primarily, with recording one-tenth degree 
fluctuations in the patient’s fever, as economists chart 
their business cycles T What should wo think of the 
physician who treated smallpox by covering up sores 
with flesh-colored*eream f Yet this is what we are do¬ 
ing when we institute home relief, 

Recognizing the principle of cause would mean also 
abandoning tbe prevalent attempt to interpret social 
phenomena in terms of what ib “right” or what 
“ought to be.” The scientific approach does not begin 
with ideas in mind about what nature “ought to do,” 
but recognizes that fundamental laws operate to cause 
- events to take place in the observed way. We are com¬ 
pelled to discover these basic realities and adjust our 
own acts accordingly so as to derive the maximum ad¬ 
vantage and control of nature. 

Science is pragmatic. Much scientific knowledge is 
based on what works/even when we lack exact infor¬ 
mation on how it works, But those who think they 
can get by with violating laws of human behavior, 
denying basic human needs, because “it works” will 
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soon Bud out that it does not work for long and that 
the cost of such short range pragmatism is very high. 

(6) After investigation and criticism have disclosed ; 
tentative conclusions, expressed in accurate language— 
after the hypothesis haB been established, what thenf 

What an idea really means to people, the true meas¬ 
ure of its relative significance, can be discovered only 
by, observing how their action^are affected. 1 This truth 
has found many expressions*from **by their fruits ye 
shall known them” in the Sermon on the Mount to the 
dictum of the physicist Bridgman that answers to ques¬ 
tions can be realized only in terms of actual opera¬ 
tions, If the difference between philosophy and sci¬ 
ence could be defined the distinction would probably 
have to be made on this action basis. 

What we can get people to say and what we can 
get them to do are often very different things. Most 
legislators denounce lobbies and trusts, In view of 
their agreement their lack of action might at first be 
surprising. A federal judge recently spoke of the 
trust question as “a problem for Congress.” But the 
yearly appropriation Congress makes for such prose¬ 
cutions is less than what one corporation has spent on 
one antitrust suit. A bill on lobbies was recently intro¬ 
duced in the Senate but was stalled in subcommittee 
and has not even been able to reach the debating stage 
on the floor. There might be legitimate room for doubt 
about the most effective approach but there is no ex¬ 
cuse for not undertaking some action that might pro¬ 
duce results, even if several method* had to be tried. 

The most frequent objection to the application of 
scientific methods to human problems is based on the 
belief that knowledge is certain and permanent in the 
natural sciences, whereas behavior difficulties are so 
complex that definite conclusions cannot be reached. 
People who hold this paralyzing belief do not realize 
first how much change is constantly occurring in the 
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pruwUpies of jAgpoical science and second, how success¬ 
ful we have -already been in the analysis, prediction, 
and control of behavior. Our analysis is based upon 
the observed reality of fundamental motives which 
constantly direct, our actions. . Our real problem 
to find what types inatitutiofes-Oan Ite'iaMNrtMBfr-' 
ful in terms of these realities.. . — . 

The* do-nothing attitude m respect to tfier social sdi 
cnees often falls hack on the “two sides to everyqtwa- 
tion” stereotype. There may be any gftwa number of 
hypotheses worthy of consideration when Tittle evi-; 
denee is available. As the evidence accumulates the 
number of tenable hypotheses decreases, it soon be¬ 
comes clear which one is the most probable. We edn 
not avoid acting on some assumption. It Is the con¬ 
stant purpose of science to make assumptions explicit 
and to relate them to facts as closely as possible. 

Apathy about human affairs is tragic, because the 
reasons for it are perfectly apparent and remediable., 
Most people believe that modern problems are insolu¬ 
ble, at least for them. When they turn to social sci¬ 
ence they are crushed by the weight of details and be 
wildered by the indeflniteness and contradiction of 
authorities. The physical sciences, on the other hand, 
are forbidding because they are so technical and ab¬ 
struse that the average man hasn’t a chance. Fortu¬ 
nately, however, it is not necessary to understand the 
physics of the chain reaction in order to grasp the real 
social significance of atomic eflSfcgy. 

Jf the ordinary person had to become an expert in 
social technicalities to fulfill his duties as a citizen we 
might well forget all about having the majority exer¬ 
cise control over public affairs. But we do not all have 
to be experts if we get down to working agreement on 
some basic principles and encourage the critical ability 
to apply them. Only then can wo look forward to a 
wbrld made safe for human life. 
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TECHNICAL PAPERS 


Hemagglutinating Behavior of Mouse 
and Egg*adapted Type A (PR8) 

Influenza Virus 1 

S«ynu»ur S. Kalter 

CoiU$e of Medicine, Syracuse University and 
The Virus Laboratory, Bureau of Laboratories, 

Syracuse, New York. 

Influenza virus undersea a change when introduced 
into the mouse following either primary isolation or 
adaptation in the chick embryo ( 1, p. 357, and 3). Both 
Hirst ( 1 , p. 357) and Wang (3) showed that the egg* 
adapted virus multiplies readily in the lungs of mice 
without producing either the clinical disease or histo¬ 
logical changes. Death or pulmonary lesions will occur 
after the egg-adapted virus has had several passages 
through mice. 

The present study indicates that mouse-adapted influ¬ 
enza virus undergoes a change when the virus is returned 
to the egg; although this change appears to be easier 
than the egg-to-mouae adaptation. 

The PBS strain of influenza virus A which was em 
ployed in these experiments has been maintained in the 
laboratory by allantoic passages through fertile eggs. 
Its virulence for mice had decreased so that the mean 
lethal dose which kills 50% of the animals (I/Don) per 
0,05 ml intranasally was 10 tt . After 25 mouse passages, 
this mouse-adapted strain possessed an LD W of 10 41 . 
These passages were performed by harvesting lungs 3-4 
days following inoculation, making a 10% suspension in 
buffered saline by homogenizing in a Waring blender, 
nnd reinoculating into 8-4-week-old mice. 

Ten-toelovenday-old embryos were inoculated into the 
allantoic sac with 0.2 ml of a 10~* dilution of mouse- 
adapted or original egg virus. At 2-hr intervals, 5-10 
eggs of ouch group were removed from the incubator and 
placed in the refrigerator. This was continued for every' 
2 hr up to 24 hr. 

Allantoic fluid was harvested in the usual manner at 
each 2-hr period and titrated in the hemagglutination 
test by the pattern method of Salk {$) with human type 
O erythroeytes. 

The data recorded in Fig. 1 are the results of a typical 
experiment with the 27th passage mouse strain. The 
egg virus was from a pool of allantoic fluid. 

It was demonstrated that the egg Btrnin produced 
hemagglutination at least 4 hr earlier than the mouse 
strain- Similar results were obtained with material from 
other mouse passages and other allantoic fluid pools. The 
earliest that hemagglutination was produced by the egg 
strain was 12 hr, while for the mouse strain it was 18.hr 
after inoculation. These were obtained in simultaneous 
titrations, using material from the 81st mouse passage; 

1 Aided by a grant from Hendrick* RescarcH Fund. 



HOURS or GROWTH tN CHICK EMBRYOS 

Flu. 1. HcmnffghitlnntlnK ability (type O red blood cells) 
of mouse-adapted and original egg strain in the chick embryo. 
Typo A (PUR) Influenza virus employed. 

the egg material was from an allantoic pool not previ¬ 
ously titrated. There was some variation in end points 
but when tested after 24 hr incubation, they were essen¬ 
tially the same for both strains. One egg passage suf¬ 
ficed to make the mouse strain indistinguishable from the 
original egg strain in hemagglutinating capacity. 

When the mouse adapted PBS strain was cultivated in 
the mouse lung and hemagglutinating ability determined 
at 2-hr intervals, the results were essentially similar to 
those obtained by Wang (3). Perceptible hemagglu¬ 
tination with mouse lung virus was obtained within 6-8 
hr after intmnasnl inoculation. As also observed by 
Wang, infection of chick embryos occurred more rapidly 
than hemagglutination. 

The data reported here substantiate the observations 
of others (1, p. 857, and 3) that changes occur in the 
virus particle which is adapted to a different host. 
Whereas the results obtained by theee workers indicate 
that there is a marked change in the virus when adapted 
to the mouse from the egg, little information is available 
concerning the reversal of this adaptative procedure. It 
appears, as Hirst suggests (1, p. 867), that adaptation 
to the egg is “a less drastic procedure than mouse 
adaptation. V 

Our data appear to agree with Hirst's findings that 
egg-adapted strains from a given epidemic do not differ 
significantly {1 , p. 367). One may postulate, then, that 
the vims particle in adapting itself to ft host alters itself 
to take advantage of the new host’s metabolic systems. 
Thus, when the virus is introduced into a new host with 
a slightly different metabolic pattern, a probable rear¬ 
rangement of the virus molecule occurs. 
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Cytological Evidence Opposing the Theory 
of Brachymeiosis in the Ascomycetes 

Lindsay S. Olive 

Department of Botany, Bacteriology, and Plant Pathology , 
Louisiana State University, Baton Rouge 

Recently n collection of the discoinycote, Patella mefu- 
Immt, was obtained by the writer from burnt-over ground 
in thi* area. The fungus hm? boon maintained in culture, 
wlier# it readily produce** its fruiting structures or 
jj pothccin. The species is of particular interest because 
it is one of several discomycetes studied by Gwynne- 
Vuuglmn (7), the most outstanding contemporary pro¬ 
ponent of Mm theory of double fertilization (two nuclear 
fusion*) and brachymeiosis (two roductional divisions) 
in the awi'omycetes. 

Probably the majority of geneticists and most cytolo- 
gista working on the ascomyeelos have doubted for some 
time that these two procossos occur. Thus far, however, 
no convincing evidence has been presented either to prove 
or to disprove the theory for those species in which these 
phenomena are said to exist. Most of the species of 
nscomycetes in which double fertilization and brachy- 
meiosis have been reported to occur have proved unfavor¬ 
able for genetical study. In those heterothallic species 
which might be used for genetical study such difficulties 
are experienced as inability to obtain a satisfactory per¬ 
centage of ascospore germinations, or failure of the asco- 
spores to occur in an orderly sequence in the ascus, or 
failure of the fungus to fruit well in culture. All the 
cytological evidence bearing on this subject has thus far 
been in the form of drawings, and descriptions of sec¬ 
tioned material stained with the use of techniques which 
are frequently inadequate for revealing the chromosome 
numbers of tho nuclei at various phases in the life cycle. 

With the use of the propiono-carmine staining tech¬ 
nique, recently employed with excellent results by Wheeler 
ct al, (#) in a cytological study of ascus development in 
Glomerella , the writer has been able to observe the three 
successive nuclear divisions in the ascus of Patella meia- 
toma and to determine with certainty tho number of 
chromosomes present dur in g each division. One of the 
must important features of this technique is that it leave® 
the spindle fibers unstained and that the chromosomes 
stand out clearly in the nuclear vacuole. Photographs 
demonstrating the anmbera of chromosomes in all three 
division# in- the asciis have been obtained and will be 
included in a paper to be published later/ 

Gwynne-Vaughan (I), in her study of this species, re¬ 
ported that the nuclei fused in pairs in the ascogonium 
to produce diploid nuclei. These diploid nuclei were be¬ 
lieved to pair among themselves, migrate into ttoe asco- 
geuotts hyphae, mid finally fuse in pairs in the young asci. 
Thus each ascus was believed to contain a tetraploid 
nucleus. She stated that the tetraploid number of 8 
chromosomes (4 pairs) was observed at metaphase of the 
first division in the ascus* These chromosomes were be- 
1!wed to pass in groups of 4 (the diploid number) to 


opposite poles, of the spindle. In this way the first re¬ 
ductions) division was completed. Each daughter nucleus 
was then observed to divide mitotically, 4 chromosomes 
passing to opposite spindle poles. Then in the third divi¬ 
sion, each of tho 4 nuclei was believed to undergo # 
second roductional division with 2 chromosomes (the 
haploid number) passing to opposite spindle poles. 
Therefore each of the 8 ascospores was supposed to re¬ 
ceive a nucleus with only 2 chromosomes. 

Tho writer is able to confirm Gwynne-Vaughan 'b re¬ 
port that there are 4 pairs of chromosomes present at the 
beginning of the first nuclear division in the ascus, and 
that a complement of 4 passes to each pole as the division 
is completed. In the second division also, 4 chromosomes 
appear and divide, a complement of 4 passing into each 
daughter nucleus. Rut the third division, instead of 
being reductional as Gwynne-Vaughan described it, is 
similar to the second division, and 4 chromosomes, rather 
than 2, pass into the daughter nuclei. The 8 ascospore 
nuclei, therefore, contain 4 chromosomes each. It is ob¬ 
vious from this brief description that the chromosome 
number is reduced only in the flrirt cttVisfen. The diploid 
number of chromosomes is 8 and the baploid number is 4. 
The third division is nonreductional. It is therefore ob¬ 
vious that brachymeiosis does not occur in thiB fungus. 
It is equally obvious that there can be no double fertili¬ 
zation in the life cycle, 

The writer intends to extend the#e observations to other 
species in which double fertilization and brnchymeiosis 
have been reported. The propiono-carmine technique is 
recommended as an efficient method for obtaining chromo¬ 
some counts in the ascomycetes. 
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Inability of Thymine and Adenine to 
Substitute for Pteroylglutamic Add 
in the Folic Acid-deficient Rat 

Hr G. Petering and It. *. Defer 1 

Ratearcb Laboratories, Upjohn Company , 

Kalamazoo, Michigan 

Although it has long been recognised that thymine can 
replace folic acid for growth of microorganisms (£), It 
has not been emphasized sufficiently that both thymine 
and purine bases are required for this purpose (S, 6), 
If an analogous situation exists in animals, it might be 
expected that thymine alone would be ineffective in re¬ 
placing folic acid in a synthetic type of diet which does 
not supply purine bases, and thjis ,^8, indeed been shown 
true for both the rat and j^e ( , chick (I, 3, 4), Experi- 

l The authors are greatly Indebted to Dr. E, E. Snell of 
the University of Wisconsin for his helpful suggestions and 
criticism. They also wish to thank Alice M. Bergdstii for 
assistance in etwntnfa'g the hcidatolotfe data. 
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tafents wholly analogous to tho bacterial growth tests, i.e., 
in which a dietary source of both thymine and purine 
bases has been supplied in an effort to duplicate the 
growth and hematopoietic effects of folic acid, have not 
been,/previously reported. We have therefore extended 
~ouf) previous work to indude such experiments. 


SnH^suxidine; (succinyl -sulfatirbwole). « These data are 
pertinent in discerning the possible -mode *©f action of 
pteroylglutamic Acid in animal metabolism, since it has 
been postulated by Rogers and Bhive (5) and Spies ei al, 
(£, 7) that folic acid operates in the enzymatic synthesis 
of purines «nd pyrimidines. 
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TABI/K 2 

Experiment 2. Hsmatovoiktic Wjtkbct or Thy mono cubic Acid on Folic Acidubk-icirnt 
Hats Krd 2% Buccinyi, 8vi,kat8Iazoijo 
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Twenty-eight-day-old Httermate rats and the basal diet 
containing 2% succinyl sulfathiazole os previously de¬ 
scribed (4) were used in each of the two experiments 
reported here. In experiment 1, using ten rats, the sup¬ 
plements wefe incorporated in the basal diet and fed 
ad lib. for a 3-wedh preventive period. In experiment 2 
the supplements were fed daily for a 2-week curative 
period after a depletion of 5 weeks. The results are 
Shown in Tables 1 and 2. f 

The data seem Condjuive in demonstrating that neither 
thymine combined with adteiilne mflfate or adeposine, as 
In experiment 1, nor thyMine and adenine suppbed ps 
thymus nucleic aeW, as in experiment 2, show physio- 
atthrlly fei replacing folft add for grewth and 
hematopoiesis : . In- v&e ; nafc ,; -f '■& ■ purified diet containing 
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The possibility exists that folio acid may sSrvb essential 
functions in the animal body other than hematopoiesis; 
and whereas thymine and adenine may replace folic acid 
for these, they do not do so for hematopoiesis, which is 
the limiting function in the experiments described here. 
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Use of Silicones in Aerobiology 

S, M> P«4y *ad C. D. K*lly 

Department of Botany and Department of Bacteriology, 
McGill University, Montreal 

In studies of organic and inorganic materials of the 
air, particularly in the epidemiology of rusts and other 
funguB diseases ( 4 ) and in allergy studies with pollen 
grains ( 1 ), it has been common practice to collect the 
specimens on glass slides covered with some adhesive such 
as vaseline, glycerine-jelly, or oil. In our investigations 
of airborne fungi and bacteria wo have encountered tem¬ 
peratures as low as -48* C. At such low temperatures 
ordinary adhesives become too viscous or congeal and are 
unsatisfactory. The silicones made by the Bow Corning 
Corporation 1 seemed to offer possibilities as a substitute 
for the usual adhesives l>ecuus« of their retention of 
physical properties at low as well as high temperatures, 
and they wore accordingly investigated. They have 
proved to be so satisfactory that it is considered worth 
while to call those new techniques to the attention of 
workers in this and related fields. 

Hlides coated with silicone grease (DC-4-ANCM28-A) 
have been used successfully in collecting rust, smut, and 
Alternaria spores from the air. Huch preparations are 
superior to vaseline-coated slides for the following rea¬ 
sons; (I) The background Is white, making an Effective 
contrast. (2) The consistency remains unchanged at 
temperatures ranging from -76“ C to over 200“ 0. (3) 

The slides can 1* sterilized, if desired, in dry heat for 
2 hr at J80 e C. Many other silicones are available which 
might also be used for this and similar purposes. 

In ordinary studies of airborne fungi and bacteria, ex¬ 
posure of agar plates from airplanes lias been common 
practice (.7, S ). However, Proctor and Parker (J, p. 49) 
have shown that agar plates exposed to low temperatures 
will freeze and give sterile readings oven in nonsterile air. 
This problem has been overcome by coating the bottom 
of a Petri plate with silicone grease, sterilizing at 180* C 
for 2 hr, exposing the plates from an airplane and pouring 
in melted agar on return to the laboratory. Under these 
conditions, bacteria and fungi produce satisfactory 
ponies. Fungi grow through the overlying agar to the 
surface aud sporulate normally; bacteria and yeasts 
develop between tho two layers, forming typical sub¬ 
surface colonies. 'Borne bacteria are freed when agar is 
poured in and oologies develop in or on the agar. Isola¬ 
tions from any of those colonies can be made without 
difficulty. The principal advantage of this method is 
that plates may be exposed to extremely low temperatures 
for an indefinite period without any physical change or 
danger of freezing. By this technique cultures have been 
obtained from plates which were exposed to air tempera¬ 
tures as low as - 48° C. 

It would appear to us that those two methods might 
prove very useful in many phases of aeromycology and 
nerobahteriology, particularly where exposures are to be 

1 Ezperiinentftl material supplied by Dr. M. J. Hunter, ite- 
^edrch Director, whose cooperation Is gratefully acknowl¬ 
edged. 


made at low or high temperatures. In routine exposures 
for stem and leaf rust studies, as well as for other cereal 
pathogens, silicones appear to be more satisfactory than 
vaseline. They should also be very satisfactory for the 
collection of,pollen grains, in allergy and other studies. 
For collecting micro fauna and even; small insects? the 
silicones would probably work equally well. They should 
prove of value also in fields other than aerobiology, par¬ 
ticularly in snowflake and ice crystal investigation, and 
in studies of dust at high altitudes or even in the strato¬ 
sphere. 
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Relation of Surface Phagocytosis 
to the Fibrinous Character of Acute 
Bacterial Exudates 1 

M»ry Ruth Smith end V. Berry Wood. 

Department bf Medicine and The Oscar Johnson Institute 
for Medical tin\earcb, Washington University School of 
Medicisse, St. Louie 

Evidence has recently been presented that encapsulated 
bacteria which cause aento respiratory disease hre phag¬ 
ocyted in the body In the absence of opstittinft'by a me¬ 
chanism termed * * surface phagocytosis r *(B, 8 ). Leuco¬ 
cytes operating in the presence of various tissue, struc¬ 
tures have been observed to ingest and destroy type I 
pneumococci, Friedlander'a bacilli, group A hemolytic 
streptococci, and staphylococci (?). Although the en¬ 
capsulated bacteria escape phagocytosis when Hosting 
freely in a fluid medium, they are readily phagocyted 
when trapped against tissue structures by the leucocytes. 
Also, when caught in a sufficiently dense concentration 
of leucocytes, they may be pinned between the surfaces 
of two or more cells and thus phagocyted (fl). Of th(? 
microorganisms so far studied, only type III pneumococ¬ 
cus is resistant to surface phagocytosis (£). It* ability 
to escape the leucocytic paeudopods has been shown to 
be due to an outer ** slime layer 11 of capsular polysac¬ 
charide which is present only when tho organism is multi¬ 
plying rapidly. When the slime layer is lost with aging 
of the bacterial papulation, typo III pneumococcus be¬ 
comes susceptible to surface phagocytosis. 

Since leucocytes utilize tissue structures in pfcagocyting 
encapsulated bacteria in the absence of antibody, It 
would seem likely that they may utilise in * similar 
manner the fibrinous strands that characteristically occur 

'Aided by a grant from the Commoiiweauh Fund. 
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in mute bacterial emulates. To test tills possibility, the Fibrin formation is & common feature of acute in-. 


following experiments were performed, 

Type I pneumococci (A-5 strain) harvested from 4-hr 
broth cultures, were washed la golatin-Ijocke’s solution 
and centrifugal ized (#). To tho pneumococcal centri¬ 
fugate were added rat leucocytes (#) which had been 
washed in the cold (4° C) in both gelatin-Locke ’b solu- 
tHart and citrated rat plasma 2 containing platelets from 



Fuj. 1. A —PlmgtK'ytlc tent in unclottwl plasma. H- 
PhAgocytic test In clotted, plasma, 

the buffy coat. (The platelets were included to insure 
clot retraction when thrombin was ad fled to the plasma.) 
The Anal leucocyte-pneumococcus suspension in plasma 
contained,approximately 5-30 phagocytic colls and 25-30 
pncpiftpooeci per pil immersion field. Phagocytic tests 
wore carried out on glass cover slips coated with dry 
films to prevent spontaneous clotting of the plasma. 
When clotting was desired, one part of gelatin-Locke’s 
solution containing 20,mg % of purified beef thrombin* 
was added to fits parts of the coil-plasma suspension. 
In all control preparations one part of gelatin-X^ocke's 
solution without thrombin was added. The cover slip 
preparations were covered with hollow ground slides, 
sealed with vaseline, and incubated for 1 hr at 37° C. 
Smears from the incubated preparations were stained 
with methylene blue. Clotted samples were fixed in 
Zenker-formol solution, sectioned, and stained by the 
G ram-Weigert technique. 

As is seen in Fig. 1, phagocytosis failed to occur in 
unclotted -plasma (A), whereas in clotted preparations 
(£) the phagocytosis was marked. 

In order to observe the manner in which the leucocytes 
utilise the fibrinous strands in phagocyting nappsoniaed 
pneumococci, pneumococeus-loucocytc mixtures in clotted 
plasma were studied in the warm stage of the microscope. 
Near the margins of the clot, phagocytosis was seen to 
result only when leucocytes succeeded in pinning the 
pneumococci against the fibrin strands. From this ob¬ 
servation it was evident that the mechanism of surface 
phagocytosis in fibrin clots is essentially the same as 
that previously described in the lung (f, 7, 8 ). 

*Bat plitmn* has been shown to contain no opsonin* to 
the A-fi strain of pneumococcus I. 

* General Bttectric, Orssuoemcon l^roduct, W87. 

«Obtained throegh the courtesy of I>r. T. R. Welchselbaum, 


fiammation. Fibrinous exudates occur in acute bacterial 
infections of the lungs, pleura, peritoneum, meninges, 
and other tissues of the body. A significant portion of 
the fibrinous material in purulent exudates has recently 
been identified as desoxyribose nuclooprotein (I). Al¬ 
though beta hemolytic streptococcal exudates (group A) 
are relatively poor in both fibrin and desoxyribose nuclei)- 
proteni (<?), most other bacterial exudates contain ap¬ 
preciable amounts of reticular substance. The present 
study demonstrates that strands of reticulum enable 
leucocytes to phagocyte encapsulated bacteria in the 
absence of antibody. Thus it may bo concluded that 
the fibrinous properties of early bacterial exudates con¬ 
tribute to antibacterial defense by promoting surface 
phagocytosis. In chronic infections, on the other hand, 
where most of the leucocytes in the exudate are nonvia- 
bte, the fibrinous strands may act as a mechanical barrier 
to recovery by interfering with adequate drainage of the 
lesions. 
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A Method for Prevailing Moisture 
Condensation During Photography of 
Tissue Cultures in Hanging Drops 

Mary J, Hogoe 

Department of Anatomy, School of Medicine , 

Univenity of PenUtyl vanla 

When tissue cultures grown in hanging dnqnj over 
depression slides are taken from an incubator (37*0) 
and kept at rooth temperature, moisture condenses on the 
(•over slip in the form of drops. These drops make it 
impossible to get clear photographs of the tissues. Vari¬ 
ous means have been* devised to prevent condensation— 
the most common one is to keep the culture at incubator 
temperature. To accomplish this, some form of heating 
apparatus is placed on or near the stage of the micro- 
scope, but this may be a tedious process. 

A simple procedure for preventing moisture from col¬ 
lecting on the cover slip has been devised. It consists of 
saturating the atmosphere around the culture with mois¬ 
ture and keeping the temperature fairly constant. Brass 
rings, such as those used by W. H. Lewis in his tissue 
culture work, are used* He found thenl uieful for photo¬ 
micrography, since they held the cultures at a uniform 
height above the slide. 
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Those -brass rings 01*0 1 mm thick with a 25-mm outside 
diam aud a 19-20 mm inside dimn. About one-fourth of 
the ring is cut away, leaving it incomplete. The ring, 
hold by forceps, is heated over a flame and then dropped 
into a dish of Balvoline (6 parts vaseline and 1 part 
paraffin). It quickly sinks below the surface. It- is then 
picked up, the excess salvoline is drained off and the 
ring, now completely covered with salvoline, is placed on 
an ordinary glass slide, well cleaned with 70% alcohol. 
When cool and hard, the salvoline holds the ring in place, 
The^paee enclosed by the ring is then filled with distilled 
water, most of which is at once drained off, leaving the 
surface of the slide within the ring covered with a thin 
film of water. 

The cover gluss containing the tissue culture is removed 
from its depression slide and placed on the brass, ring. 
The Salvoline holds it firmly in place. The layer of wa¬ 
ter inside the ring keeps the atmosphere around the cul¬ 
ture snlunited with water at a fairly constant tempera¬ 
ture, so that water does not condense on the cover slip. 
If necessary, more water can be added to tho space in 
the ring by means of a fine pipette placed at the open¬ 
ing in the ring. The tissue culture never comes in contact 
with the water. Aftes photographing, the cover slip with 
its tissue culture is returned to its glass depression slide 
and the brass ring is ready for use again. Sometimes it 
may bo necessary to add more salvoline to the top of the 
ring. This is easily done with a glnss pipette filled with 
salvoline. The slide inside tho ring must bo completely 
free of salvoline. If it is not, then a freshly cleaned slide 
must be used; otherwise tho distilled water will not form 
a thin even film over the glass slide. Glass rings or plastic 
rings can be used instead of braes rings. 

Enzymatic Decomposition of Lignin 1 

Sidney Gottliob and Jerry H. Goller 

Chemistry Department, University of Maryland , 

College Park 

Numerous claims have boon made in the literature pur¬ 
porting to demonstrate the ability of microorganisms to 
utilise lignin as a solo carbon source, or purporting to 
demonstrate the existOrtee: Of enzymes acting specifically 
on the lignin molecule. These reports are based on tech’ 
niques which presuppose that IJgnin isolated by acid or 
alkaline treatment of plant material undergoes no im¬ 
portant changes during its isolation (&, B, 73, t&) or 
that various color reactions can bo used to detect the 
presence or disappearance of lignin (£, 6 ). Some work 
has been based on the assumed similarity in structure 
between lignin and tannic acid (Z), Advances in our 
uudoratandlhg of the chemistry of lignin indicate that 
these suppositions are very dubious (5, 13, 14). The 

* This work was done under Contract No. NT oar 397-4 
between the University of Maryland and the Office of Naval 
Heseareh. The project w*s Initiated at the suggestion of 
the Prevention of IMerloratlon Center, NutlonaI Research 
Corowfi. ; ■ 


work of Brauns (3, 4) in isolating so-called ‘ ‘native 
lignin” by a process which minimises structural altera¬ 
tions in the lignin molecule seemed to us to warrant an 
experimental reexamination of the ability of microorgan¬ 
isms to utilize isolated lignin and of tho possible exist¬ 
ence of lignin-oxidizing enzymes. Result* of those studies 
to date are summarized here in a preliminary manner. 

Lignin was prepared from 12-yr-old red sprucewootf 
by the method of Brauns, and used in both nutritional 
and enzyme studies with fungi. 

After a survey of a large number of species of wood 
rotting fungi, good growth of several of these organisms 
was obtained after two weeks' incubation on media in 
which lignin was the limiting carbon source. This mate¬ 
rial will bo reported in a separate communication (7). 

Studies on a lignin-oxidizing enzyme were carried out, 
using the absorption of oxygen measured in a Warburg 
manometric apparatus as an indication of enzyme ac¬ 
tivity. A reliable source of enzyme was found to be 
commercial mushroom spawn,® which is an intimate mix¬ 
ture of mycelium of Agaricua campestris and well-decom¬ 
posed horse manure. Conditions used in the preparation 
of this material are such that it is essentially a pure 
culture of this organism. A dry, stable preparation of 
the ouzyme has been obtained by the following procedure: 

Mushroom spawn is mixed with three times Us weight 
of distilled water in a Waring Blendor for 3 min. The 
resulting mash is subjected to a pressure of 15,000 psi 
in n Carver press and the press juice is dialyzed for 48 
hr in Visiting cellulose sausage casing against cold run¬ 
ning tap water. The dialyzed solution is removed from 
the casing, cooled to 5° C, and to it is added two vol¬ 
umes of cold acetone. The resulting precipitated solu¬ 
tion is cooled to 5° C, and the brown precipitate is centri¬ 
fuged down and washed twice with cold 06% acetone. 
Tho precipitate is finally dried at 35° C under aspi¬ 
rator pressure. One lb of spawn yields 2-3 g of this 
dry preparation. The concentration of solids is reduced 
from £0 mg/ml in the original press juice to 6 mg/ml 
in the dialyzed solution, and to 2 mg in the acetone pre¬ 
cipitate, 

The enzyme is activated by citrate and phosphate ions 
and it is therefore buffered to pH fl.O with Mcllvalue’s 
buffer (It) for activity measurements. Under these con¬ 
ditions 75 cu mm of -oxygen a te absorbed in the first 
hour when 1 ml of an aqueous ^solution containing 3 mg 
of enzyme is Jneufcgted with 1 ml of an aqueous lignta 
suspension containing 30 mg lignin/ml. The enejtme is 
quite stable in acid solution (pH 4.0-6.6), but Idao# ac¬ 
tivity rapidly at pH values higher,than 7. The pH op¬ 
timum,,fof, enzyme activity is 5,7-fi.fy within temperature 
optimum close to 40’ O. Under optimum conditions, the 
activity of a solution of enzyme is pfoportionul to its 
concentration. 

It is believed that this enzyme is not identical with any 
of the known phenol oxidases, since mfisbroom sporo- 

■ The mash room spawn used In these experiments was ob¬ 
tained from the L. F, Lambert Company. Coates vine. Penn¬ 
sylvania, - ■' 1 ' ' 1 1 
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pit ores (ui recognised source of tyrosinase) do not yield 
a product having activity. The onsynif is not acti¬ 
vated by /copper ione and is/completely inactivated at 
pH values higher than 7. * A study of the action of 
various enzyme inhibitors supports the hoflkientity of this 
euseyme with any of the known copper-containing enzymes. 

Studies, are now in progress oh the effect of this enzy¬ 
matic reaction on the structure of the lignin molecule 
and on further purification of the enzyme. A detailed 
account of the work summarised here will be published in 
another journal. 
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The Hemostatic Activity of Amniotic Fluid 1 

Albert E. Weiner, Duncan E, Reid, and Charles C. Roby 

Boston Lying-In Hospital nnd Department of Obstetrics, 
Harvard Medical School, Boston 

During studies of the coagulation mechanism in prog- 
nancy it seemed of interest to investigate the action of 
Amniotic fluid. This fluid was collected in a sterile 
syringe by aspirating the intact membranes of women in 
labor. The Lee and White clotting test was done, using 
four I2x75-mtn glass tubes. One-tenth cc of amniotic 
fluid was added to each of two tubes and an equal amount 
of saline to each of two control tubes, Freshly drawn 
venous blood was added in fl-cc amounts to all four tubes, 
which were then incpjisiM^ The end point taken 

was that aMfhich both tubes of each set s could be in- 
wertodrseompletely without spilling. Results are shown 
in T me 1. 

It can be seen that one part amniotic fluid; when added 
to twenty parts of bided, can cut in half the time required 
for clotting. ■ 

It appeared that by studying the behavior of amniotic 
fluid with oxalated plasma and fibrinogen solution* we 


alight be able to identify its place in the coagulation 
mechanism, The effect of amniotic fluid on tho rapidity 


TABLE 1 
Cuwtino Tims 


8peel men 

W 

Number 
of IchIh 

Controls 

With 

amniotic 

fluid 



m» 

Min 

A1-X0 . 

5 

7.0 

3.5 

Al-21. 

i» 

7.5 

3.0 

A1-20K . 

4 

7.R 

8.4 

A1-19W 

3 

7.t 

3.4 

Al-268 . 

6 

7.5 

6.0 

A1-27 . 

3 

5.8 

4.2 

Al-28 . 

7 

6.8 * 

3.0 

A1-30G . 

15 

8.0 

8.6 

Al-81 . 

4 

8.7 

2.8 

A2- 4 . 

7 

10.0 

3,9 

A2- 4H . 

3 

8.0 

2.0 

A2- BA 

8 

9.0 

4.0 

A2- 5N . 

5 

9.8 

2.7 

A2- GS .. . 

5 

0.6 

8.4 

A.2- GW . 

5 

7.5 

8.0 

A2-15A . 

1 

8,3 

3.5 

A2-24 . 

4 

7.7 

8.1 

A 2-25 B . 

8 

40.6 

3.7 

A 2-24 N . 

3 

7.5 

3.1 

A3- 1G . 

5 

8.7 

2.1 

AS- 2W 

ft 

9.2 

3.9 

---— 


r -- 



TABLE 2 

Ituc a i .< 1 1 r ic a vio k Tim w 


PIuhO. 1 cc 

Specimen Controls* nmnlotlr 

fluldt 


Her Bcr 

Al-19 . 76 46 

Al-21 85 55 

A1-20U . 100 00 

A1-19W as 25 

Al-258 142 71 

A1417 131 55 

Al-28 177 52 

A1-80G . 145 4** 

AI-81 in 47 

A2- 4 140 56 

A2- 48 125 49 

A2- 5A . 98 58 

A2- 5N .. 97 87 

A2- 5S . 110 HI 

A2- 9W . 08 56 

A2-1&A . . . . :. * 115 59 

A2-24 135 05 

A2-2CB . .. 145 73 

A2-24N . 14ft 08 

A3 1G 187 01 

-AS- 2W . 120 30 


* Kecalcification time for 0.1 cc of 0X125 m calcium oMo- 
ride, plus 0,1 eq physiologic saline, and 0.1 cc fresh plasma 
<0.5 cc of 0.1 m sodium oxalate to 4,5 cc blood), 

t Substituting 0,1 cc fresh amniotic fluid for saline in 
recalciflcatlon. 

of dot formation in recaieifled plasma is illustrated in 


, 1 Supported in port by grants from the Blood Grouping 
laboratory, Children's Hospital, Boston. Mawmcbueette, sad 
tb^ CbarUo H. Hood Foiind«tJ|on, Booto , i, /UAssgchupetta 

** of >Dr. B^nment of 

I^^Atrhomletry, Hazard Modloel #*4*ool/Boston. 


Table 2. These data indicate that amniotic fluid de 
creases the clotting time of recalolfled oxalated plasma. * 
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Preliminary 'experiments Showed that amniotic fluid 
alone would not'dot oxateted plasma; therefor© it does 
not Adt like ^thrombin Or, 'tfypdin, which clot oxalate^ 
plasma without added calcium. Amniotic fluid contains 
no ptothromhiii, since a dot will not form in prothrom- 
bih-free, oxalated plaSm* on the addition of calcium, 
thromboplastin, and amniotic fluid. Amniotic fluid does 
not decrease 1 the plasma prothrombin time in the one* 
Hinge method. 



TABIjE 8 



Cl.OTTrNO Timk 


Specimen 

Hemophilic 

blood 

With 0,1 cc 
amniotic 
fluid 


min . 

mitt. 

A 2-2 4 . 

54 

4 

A2-20B . 

54 

3.8 

A3- 1(J . 

54 

8.5 

A3- 2\V . 

54 

3.0 


Amniotic fluid has a marked antihemophilic action in 
vitro. Table 3 shows the effect of .1 cc of amniotic fluid 
on the clotting time of a hemophiliac who whs resistant, 


to therapy with Fraction 1 find fretflrfroaen plasma. It 
can be seen that theamiijiotlefluids produced clotting 
times with hemophilic, blood comparable to these they 
gave with normal blood, whereas the hemophilic control 
tubes clotted in fi 4 min. ’ 

It would appear that amniotic fluid acts like- throm¬ 
boplastin in its effect on oxalatod plasma. This activity 
is preserved for several days by storage in the deep freeze 
at -10° C but deteriorates within 1-3 days on Standing 
at room temperature or iu the ice box. The activity is 
nondialysable. Boiling strongly for 5 min destroys it, 
although it is stable at 60° C for 30 min. Furthermore, 
it is entirely inactivated by small amounts of heparin. 
Various incubation tests which were done with amniotic 
fluid and fibrinogen clot or plasma clot showed no evi¬ 
dence of fibrinolytic power in amniotic fluid, Glotting 
tests of amniotic fluid with fibrinogen solution verify the 
lack of thrombi© or prothrombic activity. 

Uucontaminated amniotic fluid collected during labor 
contains a coagulant. This coagulant is thromboplastic 
in its behavior and antihemophilic. It is poBBible that 
amniotic fluid initiates clotting of shed intra-uterine 
blood and therefore plays an important part in normal 
jmstpartum hemostasis. 


Comments and Communications 


The AEG Loyalty Oath 

A letter that I wrote some time ago to Dr. Detlev W. 
Bronk, chairman of the National Research Council, in 
connection with the loyalty oaths now required of Atomic 
Energy Commission Fellows, is still timely. One of the 
points made in this letter is, indeed, strongly emphasised 
by the recent proposal, embodied in the O’Mahoney 
Amendment to ^he Independent Offices Appropriation Bill, 
ior a mandatory FBI investigation of all AEC fellows: 
namely, the point that it is difficult to contain measures of 
tiiis kind within those bounds which might be suggested 
by prudence or by a decent instinct of self restraint 

Basically, the issue here is one of political freedotn. 
The denial of educational rights or privileges to a citi¬ 
zen who would be eligible for them were it not for his 
failure to measure up to some arbitrary political test is 
a dear violation of the principles upon which our republic 
was founded. The essence of the matter has been stated 
with complete clarity by Mr. Justice Stone In his cele¬ 
brated dissenting opinion (later adopted by a unanimous 
court in a spectacular reversal of its decision) iu the so- 
called "Flog Salute Case"—Minersville School District 
et vs, Gobitis, 810 tJS 601. That opinion should be 
«ad by anyone interested’ in the present discussion. Any 
ftttatapfe to distinguish between the situation met in the 
* * Waf PaOe ** and the present one will only bring 

the fact that the distinctions are completely 


My letter follows: 
l»car I)r. Bronk : 

The statement homed by the Atomic Energy Connnttmlun 
on May 22 concerning the oaths and affidavits Which will 
henceforth be required of holders of A. M. C. Fellowship# 
Is now available In It* entirety, as published on page 532 of 
“Science** for May 27, 11)40. Previous fragmentary reports 
concerning this statement had caused me to weigh its possible 
Implications with great care. As n member of one of the 
boards created by the Council to pass on applicants for the 
A. E. C. Fellowships, l felt 1 should formulate and make 
explicit my own attitude toward Die new situation. With 
the publication of the full statement before me, I am now 
able to arrive at a definite conclusion. I am therefore writ¬ 
ing, you to request that my foulgnat|on from the Postdoctoral 
A, iK. C. Fellowship Board for Mathematics, Physics, ami 
Chemistry, already placed In your hands under data of May 
10 for reasons of a purely practical nature, be made effective 
at once. * 

A full-statement of my reasons for this request would doubt¬ 
less be Inordinately long, : There are, however, three main 
points which 1 might make hero by way of briefly explaining 
those reasons. Fundamentally, it see me to me, the imposition 
of political conditions upon the pursuit of scholarship, how¬ 
ever supported, Is contrary to the polltifeal prlnclplea on which 
our nation h founded; prejudicial to the proper development 
of basic research in the United States; and most difficult to 
contain within those limits which the proponents of the cur¬ 
rent measures appear to accept as accessary. If I were bot 
opposed to these measures on grounds of tminciple, I would 
nevertheless wish to withdraw from the atmosphere of sus¬ 
picion which they will Inevitably generate unless they are 
modified in tbs eequd hy a practice of confining loyalty ftp 
vesttgftttotm tvf ladders to there cases where 
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rtJHea r<* li In Involved. Finally, even If the mu Emission of 
sweCn statements were to bo reduced in MvIh wanner to a 
kind of empty ritual* It would nevertheless be a ritual in 
which many a you a# man, thready Idealistically dedicated in 
ills own eye* to the service of bis countrymen, would par¬ 
ticipate only with a certain sense of humUiatiou and a corre¬ 
sponding feeling of resentment; and I could pot bring rnyself 
to continue a remote but Identifiable association with the 
compulsion to participate. On this last point t recall with 
clarity the feelings I experienced when required to take the 
so-called Teacher’s Oath «ome years ago In Massachusetts, n« 
oath which I could and did take with a perfectly clear con¬ 
science’and without reservations. 

You will understand, t am inrrc, that this-tetter, being an 
expression of conscientious bcllefH and not a discussion of 
mere practical arrangements, is it eommunleatlon which I do 
not feel hound to hold private. 

Marshall H. Stone 

The University of Chicago 

Method for Supplying a Laboratory with 
Warm Sea Water in Winter 

Ouc of the handicaps faced by the biologist working 
in northern waters is tho long winter period when the 
water temperature is too low for active functioning of 
limny invertebrates. In our cose this period, when tlna 
water temperature in Long Island 8ound is 5.0“ C or less, 
may extend from four to almost five months. In severe 
winters a tempernturo of -1.5* C is often recorded 
(Loo&anoff, V. L., Ecology, 1937, 18, 500). Under such 
conditions many forms are hibernating, while others aro 
less nctive than at higher temperatures. 

During the last five years wo tried to overcome this 
difficulty by artificially Increasing the temperature of sen 
water uB«d in our experiments, Tho first attempts, which 
consisted in maintaining a high temperature in the ex¬ 
perimental aquaria by means of electric heaters, were 
rather promising because they showed that oysters kept 
under such conditions could bo induced to develop ripe 
eggs and sperknattaoci ©von in the middle of winter 
(Loos as off, V. L,, Science, 1945, 102, 124). However, 
since the use of electric heaters was rather expensive, and 
because there were certain objections to keeping metnl 
heaters and experimental animals in the same water, we 
did not consider the method entirely satisfactory and con¬ 
tinued to seek a better one. 

The principle of our present method is rather simple. 
Cold sea water is passed'through a coiled lead pipe, which 
is immersed in a large tank filled with warm fresh 1 water. 
The temperature of this water is maintained at the de¬ 
sired level by a gas flame regulated, by a pildt light 
thermostat (Fig* 1, A). The temperature of sea water 
in the lead pipe leaving the tank is regulated by an elec* 
trie thermostat, the bulb of which is attached to the pipe 
itsdlf. This thermostat is also connected to the magnetic 
gas valve (Fig. 1, B) of the gas burner, If the tem¬ 
perature of outgoing warm sea water in the lead pipe 
decreases below a certain minimum, the thermostat sends 
a signal to the- magnotie gas valve, which increases, the 
gas flame. To prevent the stratification of Wanner water 
*he njppar i^rt of the tank, a strong stream of air 
bubblesis continuously paseed through the tank* ; In gen¬ 


eral, the system is simple and can be installed by a per' 
son familiar with installation of domestic hot water ^ 
heaters. Ours was installed by our laboratory mechanic, 
Joseph Lucash. 

Tho advantages of having warm running sea water in 
a laboratory are numerous, the most obvious being the 
possibility of conducting throughout or almost throughout 
tho^year many experiments which formerly had to bo 



Piu. 1. Diagram showing method of raiding temperature 
of cold sea water. 


confined to the relatively short summer period. For ex¬ 
ample, by subjecting adult clams, Venn# mercenaria t to 
gradually increasing temperatures during January, wo 
induced them to spawn in February and March and grew 
their larvae to metamorphosis. For several years oysters 
were conditioned in the same way, and recently my col¬ 
league, Harry G\ Davis, was successful in obtaining heavy 
sets of oysters in the middle of winter. Ho doubt simi¬ 
lar success can be achieved with other forms which nor¬ 
mally are inactive in winter. 

By keeping the animals during the cold period at de¬ 
sired tempera turn, laboratories can be assured of a suffi¬ 
cient supply of biological material, which is ordinarily 
unavailable in winter. For instance, we already know on 
the basis of our experience that embryologies! studies on 
eggs of some lameUibranehs can now be continued on al¬ 
most a year-round basis. Thus, at least in this respeet, 
we can hope to accomplish as much In one year now as 
could be done formerly in three or four. 

Another advantage of a continuous supply of warm 
sea water in winter is that it is so easy to maintain 
Streams of different temperatures by mixing warn and 
cold water in different proportions. We use streams of 
about 6.0, 10.0, 15*0, 20.0, 25.0, 80.0, and even 85.0*0. 
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Water of sueli tempera tares, or any other temperatures 
within this range, can be prepared by haring constant 
level jars of cold and warm water and by regulating the 
flow 11*0111 these jars into a mixing chamber where the 
desired temperature is attained. From the mixing cham¬ 
ber tho water will flow into the trays or aquaria con¬ 
taining the experimental animals* Because the tempera¬ 
ture of our cold water is very uniform, adjustments are 
seldom necessary to compensate for fluctuations. 

Having running water of different temperatures offers 
an opportunity 4o experiment simultaneously with groups 
of organisms kept at such temperatures. For example, 
wo used our facilities for observations on growth of adult 
oysters at temperatures of 10.0, 15.0, 20,0, 25.0, and 
30.0° C; on development of eggs and growth of larvae 
of different molitwks; in studies of some phases of'phys¬ 
iology of oysters and clams, such ns gonad development 
i»ad spawning; and in many other experiments, 

Victor L. Loosanoff 

Fish and Wildlife Service, Milford, Connecticut 


Toxicity and the Chemical Properties of Ions 1 

The mechanism of the toxic action of drugs has long 
been a controversial subject. Attempts at an elucidation 
of the problem include correlations between toxicity and 
molecular properties. Tho older physiologists and medi¬ 
cal men are, in the main, opposed to any such correla¬ 
tion; the younger biochemists are for it. The more 
conservative investigators have much negative evidence 
to support their view, for usually when a drug is ad¬ 
ministered no one has the slightest idea what happens 
thereafter, other than the end result. Those who believe 
in an association between the physiological effect and 
molecular pattern of a poison have little evidence but 
much confidence to support their view—a view which 
they regard as the intelligent one, for, to what else con 
toxicity lie due? 

A study of the poisonous action of inorganic salts on 
slime molds should simplify matters, for the ion of a 
metal has a far less intricate structure than, for example, 
a molecule of coaaine, and a primitive form of life is 
devoid of the complexities of higher organisms. 

The slime molds are Myxomycetea to the botanists, 
who regard them as plants, and Mycetozpn to the zool¬ 
ogists, who think these molds are animals. To medical 
men, slime molds are just protoplasm, far removed from 
the intricacies of the human body and therefore having 
little bearing on medical physiology. But perhaps the 
difference between the protoplasm of lowly organisms 

1 A number of chemists have contributed to those com¬ 
ments, some of them unknown to me, speaking In group 
discussions. gather than attempt to select those whose 
comments should be acknowledged, I shall express my In¬ 
debtedness to aH collectively, and disclaim for myself any 
tfredft for the mete fertile suggestions, I need only add 
thgt the physiological work on the toxldty of salts reported 
here was done in my laboratory by thyself and my assistant, 
***** presence t owe to the Simm-Kettering Institute for 


And that of higher forms of life is not always as greaj as 
imagined. Lacking the differentiations which tissues 
present, the protoplasm of a slime mold reveals correla¬ 
tions which are obscured in highly complex organisms. 
Furthermore, the visible effect of a toxic agent on a 
slime mold may bo directly observed through the micro 
scope. 

The degree of toxicity of a poison acting on a slime 
mold is determined by a number of pathological changes 
which occur in the protoplasm; among them are the 
periods of time necessary to kill, to stop protoplasmic 
flow, and to produce injury. The degree and kind of 
injury are also significant criteria; among these are 
gelation, eolation, syneresis, blistering, surface rupture, 
and general disorganization. 

Beaults of studies on the poisonous actions of anesthetic 
agents, drugs, and metallic salts on protoplasm were re¬ 
ported at an Army Symposium in June 1948.* The dis¬ 
cussion there, mid later elsewhere, led to numerous com¬ 
ments and criticisms, both adverse and constructive. 
They are repeated here in the belief that they will prove 
of interest not only to toxicologists, biologists, and med¬ 
ical research workers, but to chemists as well, for they 
deal as much with the physical chemistry of solution as 
with toxicity. 

I had found a correlation between the anesthetic 
effects of 0O 3 and N a O and their isosteric properties 
(Smenoej 19+8, 107, Id). The correlation was questioned 
because, so it was said, the protoplasm is not in contact 
with the gas, GO*, but with carbonic acid. This is 
an old problem, and lias long since been answered by both 
biologists and chemists. Of tho several kinds of moleeules 
and ions which CO a in water may present, it can be 
experimentally shown, by a process of elimination, that 
only the GO, molecule is responsible for anesthetic and 
other toxic effects. There are several ingenious experi¬ 
ments in physiology which demonstrate, by taste and 
color indicators, that an acid condition is established 
within living tissue when an alkaline solutiou is added 
outside, due to the rapid entrance of GO, as such. Few 
substances outer a cell as freely and as rapidly as does 
carbon dioxide, and it enters primarily as the CO* 
molecule. 

The evidence from the physical-chemical side is of 
the same sort. H. B. Bull (Physical biochemistry, New 
York City: John Wiley, 1943) states that °at equi¬ 
librium, the amount of dissolved CO, is about 1000 times 
the amount of hydrated CO*, i.e., of carbonic acid. M 
This means that instead of having no free CO*, there is 
some 99 percent of it when GO a is dissolved in water. The 
correlation between the isosteric and the anesthetic prop¬ 
erties of the gas must, therefore, fall, if it is to fall, on 
other grounds. 

A further criticism, directed against physical-chemical 
interpretations of the toxicity of metallic salts, involved 
the validity of the assumption that the metal ions are 
present as free ions. That hydrates and complexes are 
formed in solution is, of course, well known. Balts such 
as these of Al and Zb are particularly bothersome from 

*Army Chemical Center, IDdfewood Arsenal, Maryland. 
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froin toxicity series, They. not only hydrolyse readily* 
forming weak. bases, but produce. soluble complexes* 
lending to such ions as [A1<H*0)k(OH)»]% . 

The c#eo of mercury it., a.:special one. HgCl a is but 
slightly dissociated ter solution, and the concentration of 
Hg* + is correspondingly low. But mercury salts of oxygen 
acid* are capable of giving high Hg ++ concentrations. 
Mercury poisoning by Hg(NO H ) 9 is therefore due to 
free mercury ions. 

AgNp,, which I had regarded as a dear case of simple 
dissociation, was said to he another “ troublemaker , 9 9 an 
appellation which I. had given to Zu€l a and A1C1 S . But 
this does not appear to be true of AgNG a . The extent of; 
hydrolysis of any given salt in aqueous solution can be 
calculated from the strength of the base, the metal hy¬ 
droxide, and the acid. In the case of AgNO„ hydrolysis 
and complex formation, if any, are negligible, and the 
solution can be considered as one of Ag* and NOr ions. 

As for ZnCl», it, too, in dilute solution, consists largely 
of the simple ions Zn* + and Cl". Hydrolysis, howover, is 
great. 

Accepting, therefore, as we apparently must, the fact 
that certain metals assumed to be responsible for the 
toxic effects of their salts are actually present as free 
ions in solution, we may seek in the physical and Chemical 
properties of these ions an explanation of their toxicity. 

A toxicity series such as N;i* < Ba“ < Au f++ < Th +++ * 
U readily explained in terms of valence and charge. That 
such an analysis has some meaning is seen in the rela¬ 
tive capacity of these ions to precipitate colloidal sus¬ 
pensions. But there are striking exceptions to a valence 
interpretation of toxicity. Monovalent Ag* is highly 
toxic, far more so than divalent Ca ++ and triv&lent La +++ . 
Very significant also is the fact that within any one 
valence group there are pronounced differences in toxicity. 
Thus, among the divalent cations, Ba is far more toxic 
than Ca. 

Ionic series are frequent in chemistry and biology. 
The sedation is based on various reactions, on protein 
('OH^ulatioh, sensory responses (Frinos, H,, J. Comp. 
physiol,- Psychol, 194$, 41, 25) cell permeability, ad¬ 
sorption, seta potentials, and colloidal precipitation 
(Freundlich, H., KapUlarchemic, Leipzig; Akademische 
VeriagsgeseUachaft, 1934). Usually these lyotropic salt 
series are presented in one continuous line, but this is 
not always feasible, for there is frequently much over¬ 
lapping; furthermore, the less toxic mono- and divalent 
ions often constitute a clear-cut series of increasing 
toxicity, whereas the more poisonous metals form a 
heterogeneous group. I prefer several distinct series, 
and I prefer, too, a staggered arrangement, as it bet' 
ter illustrates the experimental facts. For the proto¬ 
plasm of slime molds, the complete toxicity grouping; 

Li* < Na+ < K+ < Bb+ a C*+ 

Ca-H- < Mg++ < Sr++ < Ba++ 

Lat++ < Pb++ < Au+++ < Th*+++ 

The hydrogen ion, itself highly toxic, is not involved in 
the toxicity of the salt solutions here mentioned. The pH 
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of all solutions used was meat neutrality! and slime mold 
protoplasm thrives well at any pH above 4 and below 8. „ 
Molecular interpretations of lyotropic series have been 
numerous. Valence and atomic weight are the first , obvi¬ 
ous correlations to be made with toxic effects. From top 
to bottom and left to right in the periodic table is the 
general rule-for the increasing toxicity of the elements. • 
The unexpected position of certain ions in the third 
of^he foregoing groups is more difficult of interpreta¬ 
tion, but there are a number of atomic properties which 
appear to bear on the anomaly. The position of the ion v 
in the electromotive force series correlates with toxicity 
to some extent. Five highly toxic elements, Ou, Ag, Hg, 
Fb, and Au are grouped together in the emf series. Of 
possible significance is the second electronic ring, that 
' adjoining the outer valence orbit. Thus, Ag, Pb, and 
Au ore all highly toxic and all have 18 electrons in the 
second orbit. The meaning of such a correlation would 
lie in its influence on the activity of the ions, ou their 
tendency to form bonds with atoms which are part of 
the protoplasmic structure. Resonance 1 b another prop¬ 
erty of molecules which has come into the biological 
picture of late. L. Pauling {The nature of the chemical 
bond, Ithaca, N. Y., Cornell Univ, Press, 1945) calls at 
tention to resonance as a likely factor in physiological 
activities, to which W. T. Astbury (chapter in The struc¬ 
ture of protoplasm, Ed, by William Seifriz, Ames, Iowa: 
Htato College Press, 1942) adds, “It may well be that 
resonance and the hydrogen bond are of more impor¬ 
tance to physiology than any other two facts in chem¬ 
istry. 9 9 

It is upon still another property of ions tlmt I wish to 
lay particular emphasis. There is a very closo correla¬ 
tion between the toxic action of ions and their hydration. 
Protoplasm is largely water and lives in an aqueous 
medium. Hydration must, therefore, play a major role 
in physiological reactions. The order of hydration of the 
monovalent ions is: Li > Na > K > Rb = Cs; for the 
divalent metals it is: Ca > Mg > 8r > Ba. These are 
both the order of increasing toxicity. Relative hydration, 
therefore, correlates perfectly with degree of toxicity. 

Some questions have arisen over types of hydration, 
over arrangement and density of the hydration layer. 

I therefore quote J. D, BeTnal and R. H. Fowler (J. 
chem. Phys., 1933, 1, 515) who state simply * that Cs f is 
not hydrated and LP is highly hydrated. 

Water is an associated molecule, tetrahedral in struc¬ 
ture. Bernal and Fowler compute ionic hydration from 
the maximum packing of the tetrahedrons, and find the 
order of hydration of the monovalent cations to be as 
given above, which agrees with results from all other 
sources {Harked, H, & and Owen, B* B. The physical 
chemistry of eleetrolyiio soMione, New York City: Rein- 
hold, 1943.) 

Earned and Owen point out that the ionic field i» 
and hydration iB f therefore! in inverse ratio to the 
ionic radius. The radius of the LP ion is small enough 
to attract water molecules, whereas the large CV ion dote 
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uot permit the ion to hold a water layer. Thu* do ionic 
radii, fields, hydration, and toxic effect* run parallel to 
each other. 

The role of hydration is a shielding one. It determines 
whether or not a toxic ion can ekeft its effect, but it doe* 
not determine the innate toxicity of the ion; ie., if an 
ion is in itself not toxic, the absence of a protective 
water layer cannot make it so* A hydrated layer can 
protect but it cannot activate. Mobility is a measure 
of the activity of the ion and therefore must determine, 
in part, the nature of the reliction between ion and pro¬ 
toplasm. 

The order of mobilities of five monovalent ions is 
(Briggs, D. B. J. phys. Ckem.; 1928, 32, 1646): 

Li Na K Cu H 

33.4 43.5 64.6 68.0 315.0 

and this is the toxicity order. But mobility is itself 
dependent upon hydration. The order of ionic mobility 
parallels that of hydration and therefore of the toxicity 
of the mono- and divalent ions. (V is about twice us 
mobile as Li*. Li‘, us Li + ■ »H t .O, becomes then the ion 
with the smallest radius, greatest field, maximum hydra¬ 
tion, minimum mobility, and least toxic ion in the series. 
<'s and Rb, with numerous electron shells and therefore 
large radii, hnve weak fields, low hydration, and high 
mobility. They are, consequently, more toxic, being indie 
active aud having more direct contact with the proto 
plasm. The difference in the fields of Cs and Rb is 
slight; one would, therefore, expect that there would bn 
slight difference in their toxic effects, and this proves 
to lie true—it is difficult to distinguish the poisonous 
action of the two. 1 

The third group of ion* listed above is a heterogeneous 
one. The highly toxic Th**** ion is of largo size, heavy 
weight, great charge, and low hydration; Au*** is the 
same; Pb** also, but to a lesser degree. Their toxicity 
therefore correlates with their physical qualities. The 
toxicity of La***, however, is surprisingly low for a tri- 
valent metal, being less than Ba**. Trlvalent Au* +r , on 
the other hand, is highly toxic. Hydration helps in 
part to set the matter straight. If we compare Ba*% 
La* ++ , and Au***, we find that Ba* f is highly toxic for a 
bivalent metal; its charge is not excessive but its hydra¬ 
tion is low. La*** is a heavy metal ion of large size and 
great charge; it should therefore be quite toxic, but it 
is much more heavily hydrated than Ba**; the proto¬ 
plasm is consequently protected against it. Au* 4 * has 
nil the properties of La*** except its hydration; it should 
therefore be highly poisonous, and this it is. 

Ag*, because of its position in the third group with 
other exceedingly toxic elements, presents a special case. 
It is a large ion, and not highly hydrated, but these two 
facta alone are not enough to establish its high toxicity. 
The reaction between protoplasm and an ion is deter¬ 
mined by the thermodynamic properties of the ion and 
by the selectivity of protoplasm. The former include the 
several properties so far presented, but they are not 
equally effective. Mobility and hydration dominate 
among the lighter elements. These two properties be¬ 


come increasingly lees significant with increase in atomic 
weight. Among the heavier me this, mobility and hydra¬ 
tion play a lesser part 

Electronegativity, indicated : by position in the emf 
series, determines the force with which a metal attracts 
electrons and therefore the ease with which it forms 
combinations with other substances. In the present ease, 
these other substances are the protein constituents of 
protoplasm. Thus may we say that ionte mobility is a 
primary factor in determining toxicity among the lighter 
metals, whereas electronegativity is primarily the factor 
in determining the toxicity of the heavy metals. The 
long-recognized correlation between toxicity and atomic 
weight is here realized. Mobility decreases with atomic 
weight, but electronegativity increases, being greatest in 
the noble metuls, among which Th, Ag, Au, Hg, etc., lire 
the most poisonous of elements. 

My interest in those physical properties of metals ami 
organic compounds which explain thoir toxicity has 
centered primarily in the hydration and mobility of ions 
aud in the structural patterns of molecules; but the fur¬ 
ther one looks into other properties the more nearly per¬ 
fect the parallelism becomes. This is seen in the iso 
sterie properties of C0 2 and N a O (Langmuir, I., J. Anter . 
them. Soc., 1919, 41, 1543). It is also obvious in a num¬ 
ber of other properties of those elements considered here- 
The coagulating power of ions is of the Same order, as 
their ionic mobilities (PappaoA, N. Kolloid Z., 1909, 14, 
56). Furthermore, an ion which moves into an interface 
readily, because of high mobility, will for the same reason 
lower the potential and the surface energy. 

Adsorption, likewise, nicely parallels both the physical 
and the physiological properties of ions. 0. W. Hearth 
(General physiology, New York City: John Wiley, 3930) 
points this out in listing the order of adsorbability, 
which for the monovalent and divalent ions is that of the 
toxicity order given above. For certain ions, including 
some of those in the third heterogeneous group, the order 
of increasing adsorbability by charcoal is: Na < K 
< Cu < Zh < La < Cu < Hg < Ag. Adsorbability is 
thus seen to increase with valence, mobility, and capillary 
activity among the lighter elements. Among the heavier 
metals, electronegativity, i.e., position in the emf series, 
is the dominant factor in determining adsorbability. The 
nobler the metal the more strongly it holds its electrons, 
the greater it is adsorbed, and the greater is its toxicity. 

When numerous physicochemical properties correlate 
with toxicity It is impossible to know where to lay the 
emphasis. All play their parts in different ways. The 
important point at the moment is that all correlate with 
the relative toxicity of the ions. 

Toxicity, in the last analysis, involves tin interaction 
between the poison and a specific component of proto¬ 
plasm. Selectivity between ions and certain chemical 
groups is recognized. J. Northrop («L pea. Physiol, 
1928, 11, 480) has shown that Cu combines primarily 
with the NH, groups of gelatin whereas La combines at 
some other point. Particularly important in the present 
discussion is the knowledge that ilia heavy metals, such 





conduct basic research into the de¬ 
velopment and organisation of per* 
(tonality through the assessment of 
individuals in a variety of fields and 
especially of persons applying for 
admission to professional schools of 
the university. 

The J. Shelton Horsley Research 
Award of the Virginia Academy of 
Science has been presented to W. 
8. Flory, Jr., of the Blandy Experi¬ 
mental Farm, University of Virginia. 
Dr: Flory was honored for his study 
on pollen condition in some species 
and hybrids of Rose with a con* 
sideration of associated phylogenetic 
factors. 

The College of Physicians of 
Philadelphia awarded the Alvarenga 
Prise for 1949 to Owen Harding 
Wangensteen, professor of surgery, 
University of Minnesota, for his con¬ 
tributions to the etiology and 
therapy of gastric and duodenal ul¬ 
cer. Hr. Wangensteen will deliver 
the Alvarenga Lecture on this sub¬ 
ject at the college on November 2. 

The Jane Coffin Childs M emorial 
Fond for Medical Research has 

announced the following appropria¬ 
tions totaling $92,486 for support of 
cancer research projects and fellow¬ 
ships dering the academic year 1949- 
60: F. Duran-ReynaU, Bacteriology 
Department, Yale University School 
of Medicine, $7,500 for the third 
year of his grant for the study of 
the relation of viruses to tumors; 
Samvel C. Harvey, Oncology Depart¬ 
ment, Yale University School of 
Medicine, $8,500 for clinical and 
laboratory studies of cancer ; C. (?. 
Little, Roscoe B. Jackson Memorial 
Laboratory, $4,500 for Investigations 
on the mammary tumor inciter and 
related problems; Eugene t, Opie , 
Rockefeller Institute for Medical 
Research, $8,000 for studies on os¬ 
motic and cytologies! effects of he¬ 
patic tumor-producing diets; Arthur 
H tVscbbotm, Department of Anat¬ 
omy, University of Minnesota Medi* 
cal School, $2,900 for studies on the 
induction and therapy of leukemia 
and other neoplasms of mice; Alexan¬ 
der Baddow and his associates at the 
Chester BeattyResearoh Institute of 
the Royal Cancer Hospital, London, 
on the 
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chemistry, virology, and chemo¬ 
therapy of cancer; E. 8. Gwrtoan 
Barron, Biochemistry Department, 
University of Chicago, $10,000 for 
studies of the metabolism of blood 
cells and of blood-producing tissues 
in health and disease; T. M. Bonne- 
born and W. ,7. van Ifygtendonle, 
Zoology Department, Indiana Uni¬ 
versity, $6,500 for biochemical 
studies on the genetics of Parame¬ 
cium aurelia; Howard C. Taylor, Jr. 
and 8, H. Gusberg, Obstetrics and 
Gynecology Department, College of 
Physicians and Surgeons, Columbia 
University, $4,100 for hi Biochemical 
studies of abnormal growth of the 
human uterus; Sir Ernest L. Ken- 
noway, St. Bartholomew’s Hospital, 
London, $1,500 for statistical and 
laboratory studies of cancer; Ed¬ 
ward W . Shrigley, Microbiology De¬ 
partment, Indiana University Medi¬ 
cal Center, $4,000 for studies on the 
biology of the Rous sarcoma virus 
and of the properties of experi¬ 
mentally induced tumors; Trances h . 
Haven, Biochemistry Department, 
University of Rochester School of 
Medicine and Dentistry, $3,000 for 
studies mt .the selective localisation 
of radioactive estrogens and allied 
substances In normal and cancer- 
bearing tissues; Rivka Afihbel, De¬ 
partment of Surgery, Harvard Medi¬ 
cal School, $2,500 for completion of 
a specific histochemical method for 
the demoustration of adrenal corti¬ 
cal ketosteroid; Nathan B. Tried- 
man, Division of Laboratories, 
Cedars of Lebanon Hospital, Los 
Angeles, $2,735 for studies on cellu¬ 
lar dynamics in intestinal mucosa 
us determined with antimitotic 
agents on animals of different age 
and nutritional status; Joseph E. 
Sokol , Department of Pathology, 
Yale University School of Medicine, 
under guidance of C\ N. H. Long 
and H, 8. V. Greene, $2,500 for the 
third year of his fellowship; John 
J. Trentin, Department of Anatomy, 
Yale University School of Medicine; 
under guidance of William U. 
Gardner, $4,400; Walter 8 . McNutt, 
University of Copenhagen, under 
guidance of R. Hof Jorgensen and 
J9L Kalohar, $8,000, 

The Lonia Edward Levy Medal 

of the Franklin Institute of Pennsyl¬ 
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vania was awarded to Alan fi. 
Gerald, electrical research engineer 
of San Franciseo, for his work on 
the design criteria of nonelectronic 
amplifiers. 

Colleges and Universities 

The University of Michigan and 
the Mt. Wilson Observatory are 
cooperating in a solar research proj¬ 
ect whose immediate object is ob¬ 
taining a complete record of the 
infrared spectrum, to be made avail¬ 
able as an atlas for working astrono¬ 
mers. An infrared spectrometer, 
contributed for the purpose by the 
Office of Naval Research, has been 
installed on a solar telescope at the 
observatory. Two long range studies 
are also planned, to supplement and 
chock solar observations at the uni¬ 
versity’s McMath-Httlbert Observa¬ 
tory. One is a determination of the 
abundance, varieties, and tempera¬ 
tures of such compounds in the 
earth’s atmosphere as carbon diox¬ 
ide, nitrous oxide, and methane, and 
the other is a study of the structure 
of the solar atmosphere. 

Wayne University, Detroit, will 
receive a differential analyser and 
cinema integraph as a gift from the 
Massachusetts Institute of Technol¬ 
ogy. MIT. is acquiring a machine of 
newer design, and will no longer 
need the earlier one, which was de¬ 
signed by Vannevar Bush before the 
war and has since been remodeled. 

A new agricultural experiment sta¬ 
tion will be established at Virginia 
Polytechnic Institute as the result 
of a gift from Paul Mellon of a 420- 
acre farm and $125,000 for its opera¬ 
tion. The station will be used to 
develop pasture and forage crops 
for northern Virginia. 

Industrial Laboratories 

Th* Lfatdo Air Products Com* 
patty, unit of Union Carbide and CaT- 
bon Corporation, has announced the 
synthesis of clear crystals of cadmium 
tungstate, which is beiog eonsidered 
for use as a phosphor in scintillation 
counters, for the detection of high 
' energy relations. This new tung- 
state maintains high phosphor efl* 
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ciency throughout the temperature 
range of 0 s to 75* C and has high 
physical and chemical stability. The 
synthetic crystals are now available 
in 1-inch square section rods, in 
lengths up to 2 Inches. In special 
cases larger single pieces can be sup¬ 
plied. 

Eastman Kodak Company is pro¬ 
ducing photographic emulsions for # 
nuclear research in pellicle form, 
without the usual glass support. In 
this form emulsions can be as thick 
as 250 microns and still he developed 
evenly because developing solutions 
work on both sides. 

Meetings and Elections 

Britain, which produces the largest 
amount of manufactured gas in the 
world, was appropriately the venue 
for the 4th International Gas Con¬ 
ference, which was held June 15~17. 
The conference, organized by the 
International Gas Union, met for the 
first time since tho war. An address 
of welcome was made by Hugh Gaits- 
kell, Minister of Fuel and Power. 
President of the conference was C. 
M. Croft, of the British Institution 
of Gas Engineers, who retired toward 
the close of proceedings in favor of 
M. Brabant of Brussels, president bf 
the union for the next three years. 

Object of the International Union 
is the promotion of international co¬ 
operation in fuel research and tech¬ 
nology. The organizers were glad 
to welcome delegates and visitors 
from Austria, Belgium, Canada, 
Czechoslovakia, Denmark, France, 
Great Britain, Holland, Italy, Nor¬ 
way, Sweden, Switzerland, Turkey, 
and the U. S. No curtain divides 
this body, Which is essentially tech¬ 
nical and not concerned with poli¬ 
tical or labor matters. 

Principal themes were improve¬ 
ment of the efficiency of industrial 
gas manufacture and domestic utili¬ 
zation, which many countries re¬ 
ported to be the principal one. H. 
Zollikoifer, general secretary of the 
I ntemation Gas Union and the Swiee 
Bbeiety of tie Gas and Water Indus- 
%> pointed out, for instance, that 
hi Switzerland about SO percent of 
P* distributed is consumed domes- 
' : de«ign of 
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feature of the conference. There 
was alto a valuable survey by A. B. 
Bennett of progress in the domestic 
utilization of gas brought about by 
radiation, heat transfer, and aerody¬ 
namic studies. Reviews of research 
in France, Britain, and the U. 8. 
were presented. Two of the British 
papers discussed procedures adopted 
for maintaining gas supplies during 
bombing of mains. 

There were three papers of chemi¬ 
cal interest. J. E. OurriAre, of Hol¬ 
land, discussed modern methods of 
protecting cast iron and steel pipes, 
including the use of blown asphalt 
bitumen with fillers. A project foT 
absorption and recovery of carbon 
monoxide from town's gas was pre¬ 
sented by H. Deringer of Winter- 
thour. More elaborate was the paper 
by P. Ferrero of Belgium on the 
chemical <l valorization" of coal gas 
to yield ethylene derivatives (notably 
glycols) by fractionating the original 
gas for its 2 percent of this valuable 
olefine. 

Important among the many visits 
which contributed to the success of 
the meeting was a tour of the highly 
mechanized Beekton Gas Works, 
which consumes II million tons of 
coal and produces 22,600 million cu¬ 
bic feet of gas annually. Major gas 
consumers were also visited. 

I. BRRKOvm n 

The 19th International Congress 
of Americanists will be held in New 
York City September 5-12. The 
congress, which meets biennially, has 
as its objective the historic and sci¬ 
entific study of the two Americas and 
their inhabitants. The Viking Fund, 
Inc. is sponsoring the meetings and 
the American Anthropological Asso¬ 
ciation is acting as principal host. 

The Tbifd National Congress of 
Fruit Growing will be held in Fer¬ 
rara, Italy, October 9-16, Scientists 
and technicians throughout the world 
are invited to attend. Additional in¬ 
formation may be obtained by writ¬ 
ing to the Secretary of the Third 
National Congress of Fruit Growing, 
Foreign Section, Via Saltta Gastello 
•.; 10, ’ Ferrara, Italy.., ■. 

The American Standards Asso¬ 
ciation will hold Its thirty-first an¬ 
nual meeting October U^M at the 
Waldorf-Astoria Hotel hi NefcYork. 
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The Nations! Academy of Sci¬ 
ences will hold its autumn meeting 
at the University of Rochester, 
Rochester, New York, October 24-26, 

The Seventh Annual Pittsburgh 
Conference on X-Ray and Electron 
Diffraction will be held November 
7-8 nt the Mellon Institute of Indus- 
trial Research, Pittsburgh. 

The Illinois Institute of Tech¬ 
nology chapter of Sigma Xi elected 
the following officers for 1949-50: 
president, Karl Monger of the De 
pertinent, of Mathematics; vice-presi¬ 
dent, Eric T. B. Gross of the Depart¬ 
ment of Electrical Engineering. 

Deaths 

John R. Carty, 56, former profes¬ 
sor of radiology and chief of the X- 
Ray Department of the New York 
Hospital, Gomel) Medical Center, 
died July 12. Dr. Carty had retired 
several years ago because of ill 
health. 

Alfred Rehder, 85, professor 
emeritus of the Arnold Arboretum, 
Harvard UuiVcrsity, died July 21. 
Dr. Rehder conducted research in the 
taxonomy and bibliography of,woody 
and Chinese ligneous plants. 

Archie Garfield Worthing, 68, 

professor of physics at the Univer¬ 
sity of Pittsburgh, died July 30. 
Dr. Worthing had done considerable 
work in high temperature measure¬ 
ments and tungsten research. He 
was past president of the Optical So¬ 
ciety of America and of the Ameri¬ 
can Association of Physics Teachers, 
and a member of the executive board 
of tho American Institute of Physics. 

Hyman H. Goldsmith, 42, physi¬ 
cist and chief of the Information and 
Publication Divisions of the Brook- 
haven National Laboratory at Upton, 
Long Island, died August 7 as the 
result of a swimming accident. Dr. 
Goldsmith wus formerly associated 
with the Manhattan District Project 
and was co-editor of the BMetin of 
the Atomic Sciential*, published by 
tho Bdueatiotial Foundation for Nu¬ 
clear Research. 

Edward Lee Thorndike, 74, pro- 
feasor emeritus of eduoatioaalpsy* 
cbology at fh* Teachers College of 
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Columbia University, where he had 
been a staff member since 1899, died 
August 9 at hit home in Montrose, 
New York, Dr. Thorndike was one 
Of the first to devise tests for the 
measurement of reasoning and learn¬ 
ing ability; Ms Alpha test, used in 
World War I, introduced the present 
Army classification system. 

Homer Adkins, 37, professor of 
chemistry at the University of Wis¬ 
consin, died August 10 at his home 
in Madison. Professor Adkins 7 most 
recent research was concerned with 
reactions of hydrogen and organic 
compounds in * the presence of vari¬ 
ous catalytic agents. Outside the 
field of catalysis he had contributed 
greatly to knowledge of the reactivity 
ef a variety of organic types. 

Science has received word that the 
Peiping Union Medical College is 
continuing its teaching and research 
program, unaffected by the change in 
government. The city was besieged 
for a period of six weeks in Decem¬ 
ber and January and after skirmishes 
in the suburbs, the Chinese Com¬ 
munist army took possession of the 
city. There was no extensive de¬ 
struction of property and only a 
small number of casualties in the 
municipal area. Municipal power 
sad -light were curtailed over this 
period; but the college maintains its 
own power plant, and during the 
siege classes continued without in¬ 
terruption. American staff members 
have remained at their posts. 

Following the turnover, postal com¬ 
munication was interrupted for ah 
most two months, but this has new 
been restored. Surface mails during 
the winter were greatly delayed and 
journals for the library for the past 
six months are just now being de¬ 
livered. 

The college was occupied by the 
Japanese military daring World War 
II gnd the first postwar entering class 
in medicine was received in 1947. 
The rehabilitation program is about 
half accomplished; more depart¬ 
ments are to be restaffed this year 
and additional wards in the hospital 
pat into service. 

Uaeseo prup(Mes to publish later 
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national exchange of publication*. 
The manual will include on appendix 
containing a classified list of institu¬ 
tions, including libraries, univer¬ 
sities, scientific institutions, learned 
societies, etc. throughout the world, 
which are willing to exchange cither 
their own publications or other publi¬ 
cations which they have regularly at 
their disposal. AU institutions which 
have so far not sent to Unesco de¬ 
tails of their exchange material- in 
one form or another are urged im¬ 
mediately to communicate the follow¬ 
ing information to the Unesco Clear¬ 
ing House for Publications, 19 
Avenue KWber, Paris, 16*: (a) Name 
and full address of institution, (b) 
Exact titles of publications offered, 
(c) Institutions which wish to ex¬ 
change their publications only under 
certain conditions are asked to state 
what these conditions are. Only in¬ 
formation which reaches Unesco be¬ 
fore October let can be used in the 
manual. 

The Sectional Committee on 
Standardization of Optica of the 
American Standards Association 

recently held its second meeting. 
Subcommittees reported completion 
of proposed standards on nomencla¬ 
ture and specifications of color, and 
research on light sources. The com¬ 
mittee is sponsored by the Optical 
Society of America. 

The National Registry of Rare 
Chemicals, 33 West 33rd Street, Chi¬ 
cago 10, Illinois, has submitted the 
following list of wanted chemicals: 
pentamethylphenol, durenol, 8-chloro- 
theophylUne, 2-amino-l,3,4triasole, 
vanfllyl amide (AMumenoate), phos- 
phonium bromide, 5-hydroxyurociI, 
perftdotoethylcyclohexane, vidne, 
myristicine, absinthin, 7-hydroxy-1- 
HrV-triasolo-(d) -pyrimidine, 7-(«)- 
12- (a) -dihydroxyprogesterone, 12- 
(cl) -hydroxyprogesterone, bis-(2-(2'- 
fiuoroethoxy) -ethoxy) -methane, xan- 
thotoxin, sodium preg&Afiedlol glu- 
ouronate, phloretln, hemipie acid, p- 
fluoroaniiine, erytfcrophieine, and 
cyanogen. 

An Isesrhaffona/ Bibliography on 
Altotide prepared 

bf .the' .;$friavgy-, Commission ’ 

group 

Connell Affofri- ot the United Ka- 
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tions Secretariat. Volume I, which 
is now available, is a selective bibli- * 
ography of material on thepolifcioal, 
scientific, and social aspects of atomic 
energy. Volume II, which will he 
published later this year, Will discuss 
published scientific literature on 
atomic energy. 

The 1947-48 Report ot the Com- 
* mittee on the Measurement ot Ooo-^ 
logic Time has just been published. 
The report incltmes an obituary on 
Alfred Church Lane; a summary of 
the committee’s activities during the 
year; a report from Arthur Holms, 
of the University of Edinburgh; an 
article on "The Necessity for Dif¬ 
ferent Values for the Ratio Pb/V of 
the Crust and the Rest of the 
Planet/ 1 by Juan Manuel Lopes de 
Azcoan (translated by A. H. and J. 

P. Marble) ; a review of work in 
Japan by Dr. Marble; M Archaeo¬ 
logical Ages by Natural Radiocarbon 
Content/’ by W, F, Libby, with 
comments by R. F. Flint; f 'Prelimi¬ 
nary Report on Determining the Age 
of Bocks by the Lead-UraniuigL Ra¬ 
tio of Zircon, Apatite, and Sphene 
from the Rocks Using Alpha Count¬ 
ing and Bpectrographic Methods/’ 
by E. 8. Larsen, Jr,, N. B, Keevil, 
and H. C. Harrison; and an an¬ 
notated bibliography of articles re¬ 
lating to the measurement of geo¬ 
logic time, compiled by Dr. Marble. 
The report may be obtained from the 
Division of Geology and Geography, 
National Research Council, 2101 Con¬ 
stitution Avenue, N.W., Washington 
23, D. C., at 01.00 a copy. 

Make Plans for— 

Aeromedical Association, 20th 
annual convention, August 29-Sep- 
tember 1, Statler Hotel, New York 
City. 

American Mathematical Society, 
August MHSeptember 2, 03th sum¬ 
mer meeting in conjunction with 
summer meetings of Econometric 
Society, Institute Of Mathematical 
Statistics, and Mnthemstical Asto- 
clarion of America, t^lversRy ot 
Colorado, BonlfieY^ 

American P*f^k>gte*l Assoc!** 
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Selection and Eugenics 

Curt Stern 

Department of Zoology, University of California at Berkeley 


HEN CHARLES DARWIN pointed out 
the role that natural selection of certain 
genetic types has played in the evolution 
of animal and plant species, it was soon 
realized that modem man may be subjected to similar 
selective influences. As a result, two slightly different 
considerations were advanced, oach complementary to 
the other. One dealt with the changes in natural selec¬ 
tion that civilization has brought about. Darwin had 
stressed the ruthless struggle, in which the genetically 
less fit has a poorer chance of reproducing his kind 
than the more fit. Did not civilization reduce or elimi¬ 
nate this selection against the loss fit by improving his 
chance of reproduction through charitable care, or 
artificial remedies? Had not an ominous situation 
been created which would lead to an increase in unde¬ 
sirable genetic constitutions? But to counteract this 
pessimistic view another possibility fired the imagina¬ 
tion toward hopeful perspectives. Could not man 
take the genetic fate of the species into his own hands? 
Could he not be more efficient and successful than 
nature, and by the use of his knowledge improve the 
genetic qualities of future generations ? Francis Gal- 
ton coined the word eugenics to cover the whole “study 
of agencies under social control that may improve or 
impair the racial [meaning hereditary] qualities of 
future generations, either physically or mentally,” 

In accordance with its two aspects, the field of 
eugenics has often been subdivided into two branches, 
called negative and positive eugenics. The first is con¬ 
cerned with oombuting the increase or the presence of 
alleles or of genic combinations producing undesirable 
phenotypes, the second with furthering the increase of 
alleles or combinations causing desirable phenotypes, 
nr at least guarding against the decrease of such 
genotypes. 

The facts that eugenists ubb as a basis for the dis¬ 
cussions are worthy of the most serious attention. 
While estimates of the frequencies of subnormal traits, 
physical or mental, are not very accurate, the total 
number of affectedindividuals in theUnited States 
amounts to many millions. Of course, only in some 
of these individuals are the subnormal conditions due 
to heredity causes, but the sum of genetically defective 
persona may well he mueh larger than ope million* 

it eoets ihe public to care for defectives. Borne 


decades ago, a number of studies were published of 
families who, in the course of generations, had con¬ 
tributed a large number of undesirable individuals 
to the population of the United States. The Jukes 
and the Kallikuks—literally names assigned to these 
families—became household words in the discussion of 
eugenic problems. The recurrence, generation after 
generation, of various types of criminality and of 
mental deficiency was takou as proof of the heredi¬ 
tary nature of these traits. It is now recognized that 
the methods used in gathering these family histories 
were highly uncritical and that these studies therefore 
give a distorted picture. Moreover, even if the data 
were unbiased no valid conclusions regarding the 
genetic component of the traits in these families can 
be di*awn, since it is impossible to judge separately 
the parts played by genetic factors and by the very 
unfavorable environments which persisted generation 
after generation. As for the cost to society of these 
families, who instead of adding to its economy re¬ 
quired support from it or were directly destructive to 
its assets, it was estimated as amounting over 4he 
years to millions of dollars. The significance of such 
sums, however, must be judged in terms of the total 
national expenditure. Although any unproductive ex¬ 
penditure is undesirable, the costs of earing for defec¬ 
tives are small relative to the sums involved in the 
whole economy. 

It m often stated that physical defectives, and espe¬ 
cially the “insane,” are on the increase in Western 
nations. If this implies that the absolute numbers of 
such persons are increasing, this .may well be so, since 
populations have also increased. A statement of this 
kind is meaningful only when it refers to the relative 
frequency of defectives in the population. When the 
facts are stated in relative terms it is indeed found 
that the relative number of patients in institutions 
has steadily increased, but the interpretation of these 
data is by no means obvious. 

This rise may reflect a change in attitudes and 
in opportunities for social care. Whereas in former 
times the mentally ill were kept at home, they are 
now sent to hospitals. Better diagnosis and better 
methods of obtaining full reports also result in adding 
to the census of defectives. In Sweden, with its highly 
developed census system, 4,340 epileptic individuals 
had mistered ip 1040. Medical examination of 
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hH Swedish men reaching the age for conscription, 
however, placed the total number of epileptics at 
about 12,000, indicating that the census had unearthed 
less than 40 percent of them, Apparently the accuracy 
of the census data depended on the willingness of 
people to divulge relevant information to the authori¬ 
ties. Dahlberg, to whom we owe this example, con¬ 
cluded that “there is plenty of room for an increased 
frequency through improved registration, even if the 
actual frequency of hereditary epilepsy were to de¬ 
crease appreciably” ( 1 ). 

One more factor may be mentioned that enters into 
an interpretation of increased frequencies of certain 

TABLE 1 

Ratio or thk Net ItErnoi>orTivjc Bate foh Specific Lubas 
CLABBER TO the COttHBHI’ONlHNO RATE FOR THE TOTAL 
Urban White Population of the 1'nitkd 
State**, 1II30-1O8U* 

Education of mother Reproductive ratio 

College . 0.74 

High school . 0.07 

Seventh *»r eighth grndc. 1.28 

Long than wove nth grade. 1.36 

•After Knrplmw mul KlHcr ‘(2). 

defects. Many puthological conditions, among them 
certain types of mental derangement, as well as or¬ 
ganic diseases like cancer and diabetes mellitus, tend 
to make their appearance in the Inter periods of life. 
Without the recent prolongation of man’s average life 
span, many persons who now reach an older age and 
become affected formerly would not have lived to the 
necessary age and would not have swelled the number 
of recognized defectives. 

The greatest concern expressed by eugenists is that 
the intellectual genetic endowment of Western popu¬ 
lations is in danger of decreasing. This fear is based 
on the fact of differential fertility. If, for instance, 
the population of the United States is subdivided into 
different categories, according to occupation, educa¬ 
tional background, income, or in other ways, it is 
found that the average number of children per family 
is different for the different groups. The striking fact 
regarding the average reproduction of the different 
categories is that it decreases with increase in socio¬ 
economic, status, as shown in Table 1. 

The differential fertilities of groups of different 
socioeconomic statu* are of no concern to the geneti¬ 
cist if the genetic endowments of the different layers 
of-the population are alike—that is, by and large, if 
the. kame allele frequencies for all loci hold for the 
different groups. If, on the other hand, different 
layers differ in their corporate genetic make-up, then 
differential reproduction constitutes a selective agent. 


We cannot say now with any certainty whether or 
not different socioeconomic groups are genetically 
differentiated. The difficulties of research in this im¬ 
portant field are greet. The concept of socioeconomic 
levels itself is subject to various definitions, involving 
occupation, social prestige, amount of income, educa¬ 
tion, et«, and a simple scale of levels does not repre¬ 
sent actualities satisfactorily. These, however, are 
minor difficulties as compared to finding out whether 
different groups are or are not genetically alike. It 
might be not too -difficult to obtain datq on this prob¬ 
lem as related to various physical traits. But the 
question is primarily concerned with mental traits, 

TABLE 2 

Avkkaoe J.Q. IN THE CHILDREN (18- 54 MONTHS Ol!b) OK 
Fathers ok Different Occupational Levels 
IN THE t’NITED STATES* 


Occupation of fit!hern Average I.Q. 


J’rofVHHtoiMil . 125 

KiimIiiohb, clerical . 120 

Skilled workem . . . , 113 

Semiskilled workers . 108 

Unskilled workers . 110 


• After (loodenough ( J). 

since these may possibly be correlated with the socio¬ 
economic status of the individuals. Mental traits are 
expressed very differently, according to environmental 
conditions—in the widest sense of the term environ¬ 
ment. Undoubtedly, a large part of the variability 
in mental traits among human beings of different 
levels is therefore attributable to differences connected 
with their being in different environments as repre¬ 
sented by these levels. Psychological testa which 
measure mental differences are imperfect indicators 
of the genetic nature of such differences, since psy¬ 
chologists have not fully succeeded in devising tests 
that are equally intelligible to individuals who have 
grown up in different social surroundings. Even with 
these imperfections of the tests in mind, however, there 
is evidence that strongly suggests hereditary influences. 

Intelligence tests of the children of parents belong¬ 
ing to different socioeconomic levels show a rather 
consistent phenomenon, whether, for instance, based 
on studies made in the United States (Table 2), or in 
Soviet Russia (Fig,.I)*. The mean scores decline con¬ 
sistently from groups of higher levels to those of 
lower levels. How much of this decrease is environ¬ 
mentally conditioned is difficult to evaluate. Various 
lines of evidence, however, particularly studies on 
twins reared together as compared with other* sepa¬ 
rated early in life, and on the intelligence scores of 
adopted children in relation to ocedpationat status of 
the foster father and ns compared with own children. 
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make it hard to avoid the conclusion that environment 
is not the sole agent and that there are mean differ¬ 
ences in the genetic endowment of different socio¬ 
economic groups. 

At each level scores vary greatly, much more than 
do the mean scores of the different levels, The result 



Fig. 1. Mean wcoroti In Intelligence tewln ndm In in It* red in 
Olmrkow (USSR) to pupils in grades 4, 5, and 0, according 
to environmental levels aa judged by parental education. 
Environment I applies to children of workers, one or both, 
of whom were Illiterate, VI children of oHicinlw who had 
university education (3). 

of this intragroup variability is that an individual 
from a high level with n score at the average of his 
group will be surpassed by a great many individuals 
from a lower level; ftnd, conversely, that an indi¬ 
vidual from a lower level with an average score for 
his group will be superior to many individuals of a 
higher level. The fact that there is a wide spread in 
I.Q. scores within each group mirrors to some extent 
the fact that different homes provide very different 
environments. Undoubtedly tfie spread in I.Q. scores 
ia also owing to hereditary differences which express 
themselves in varying capabilities even within a single 
socioeconomic group. 

Investigations restricted to the subnormal categories 
of intelligence point to the same conclusion. It was 
found in several studies that the relative frequency 
of feeble-minded children was considerably higher in 
the lower socioeconomic groups than in the upper 
ones. Thus the lower average I.Q. scores of the lower 
levels is in correlation with the greater frequency of 
very low I.Q. scores among the children. This corre¬ 
lation undoubtedly has an environmental component 
in that the restrictions of a lower socioeconomic status 
tend to relegate a child of low intellectual potentiality 
to the feeble-mihded group whereas the opportunities 
provided by a higher status would tend to shift the 
same child into the fange of better I,Q.’s. It seems 
unlikely, however, that each environmental factors are 
solely responsible for the high rate of feeble-minded 


children in the lower levels. It is more likely that 
the segregation of genetic constitutions involved in 
low I.Q. scores in the parents results not infrequently 
in genotypes among the children that place them in the 
range of feeble-mindedness. Probably, too, expression 
of genetic constitutions involved in low scores may 
vary from feeble-mindedness on up and the same geno¬ 
type that in a parent permits somewhat higher intel¬ 
ligence may produce some feeble-minded children. 

To reach the conclusion that there are probably 
genetic differences in intellectual endowment of the 
different socioeconomic levels is one thing, but to 
determine the specific type and magnitude of these 
differences is quite another, Undoubtedly, the differ¬ 
ences are not absolute in the sense that any layer of 
a population is in the exclusive possession of alleles 
effective in the control of intelligence. There are no 
sharp boundaries between layers, since many indi¬ 
viduals in each generation rise from a lower to a 
higher status, while others fall from ft higher to a 
lower status. Some of these shifts may be explained 
by genetic segregation—of better genotypes in the 
lower levels and of poorer genotypes in the upper 
levels—but even if this interpretation should be true, 
there is a lag brought about by environment that; keeps 
many with higher genetic endowment from rising and 
others with lower endowment from falling. 

Whatever the genetic details and however important 
they may be for a complete insight, one fact is already 
apparent: If there are genetic differences between 
different socioeconomic layers, then differential fer¬ 
tility will result in selective increase of some allele 
frequencies, and decrease of others in the population 
as a whole. Since the differential fertility acts in 
favor of high reproduction of the intellectually more 
poorly endowed groups, and against high reproduc¬ 
tion of the bettter endowed groups, a deterioration of 
the genetic endowment of the population should result. 

The degree of this deterioration from one generation 
to the next could be determined only on the basis of 
exact data on the genetic basis of the intelligence 
scores and their nature-nurtrire interdependence. 
Lacking such data, attempts have been made to calcu¬ 
late expected phenotypic changes—that is, in the I.Q. 
scores—-in successive generations. Using the observed 
mean scored in different socioeconomic levels and the 
observed reproductive values of these levels, various 
authors have arrived at estimates for the decrease in 
I.Q. for the population as a whole, from the present 
generation to the next. These estimates vary from 
about one to abound live points. The calculations 
are based oh many uncertainties and cannot be 
checked with observation, since no actual tests of 
successive generations have yet been made. 
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Historically, differential reproduction, on a large 
scale, of the type under discussion is a rather recent 
phenomenon. It is primarily the result of birth 
control, which became an important social practice 
in the second half of the 19th century. Since birth 
control measures are more frequent y used by the 
upper and middle groups of Western countries than 
by the lower ones, the limitation of births becomes 
a selective process. There is reason to believe that 
the use of contraceptive measures will spread over the 
population as a whole and that the differential in the 
fertility of different groups will be diminished. From 
a eugenic point of view such a result is desirable. 

There is a possibility that the differential fertility 
of the different groups is less significant even now 
than it appears. Some data indicate that the most 
successful members of the upper groups (success be¬ 
ing estimated in various wuys) are more fertile than 
the less successful ones. The reasons for this higher 
fertility may be related at least partially to the favor, 
able financial status of these successful families, which 
permits them to bring up children under good con¬ 
ditions without undue strain. If the relatively high 
fertility of the upper subgroups within the higher 
levels should be a general phenomenon, and if success 
within a group is positively correlated with intellec¬ 
tual genetic endowment, then the higher fertility of 
the most successful would counteract, to an unknown 
degree, the low fertility of the group as a whole. 

No studies have been made which give information 
on the fertility of different subgroups within the mid¬ 
dle or lower groups. It does not seem unlikely that 
here the correlation between success and fertility is 
again negative. In the upper subgroups of the lower 
or middle groups, with their relatively small financial 
resources, the desire to provide for one’s children the 
most favorable conditions may lead to particularly 
stringent birth limitation. 

It is likely, then, that the present differential fer¬ 
tility of the different groups has a dysgenie effect in 
regard to intelligence. But the question may be raised 
whether there are desirable mental traits under gene 
control whose frequencies may be positively correlated 
with fertility. The upper layers of Western societies 
apparently have a relatively high frequency of genetic 
constitutions favoring intelligence, but they sedn to be 
no better off than other strata in their frequency of 
alleles whiyh lead to idiocy. Could there be still a 
third type of genetically controlled mental traits for 
which the upper groups are relatively deficient, but 
which constitute assets to the individual and to so¬ 
ciety? An answer to this question cannot be given. 
It would depend on many factors, of which only a 
few may be mentioned,. The first difficulty arises in 


defining a desirable trait. Emotional stability might 
be desirable, but it is a trait that does not accompany 
many types of genius which enrich civilization. Al¬ 
truism may be another desirable trait,* but acquisitive¬ 
ness and egocentric ambition have not produced misery 
exclusively but have also led to advances which have 
contributed to the welfare of the masses. It will be 
hard to i^ree on definitions of desirable traite—and it 
is dear that the ideal does not lie in uniformity. 

Even if some agreement could be reached, a second 
difficulty is that measures of the.gqnetic component of 
men’s variability in regard to these traits are not 
available. The social plasticity of mankind is very 
great and different societies and groups within socie¬ 
ties mold the attitudes of their members in most di¬ 
verse ways. Many facts of psychology show that 
cooperativeness or aggressiveness can be produced by 
environmental influences acting on the same individ¬ 
uals, but these facts do not preclude the possibility 
that certain genetic components, yet unknown, may 
bring out one particular trait more readily than 
certain others. 

There is some relevant evidence from two geneti¬ 
cally different strains of laboratory mice. Under cer¬ 
tain conditions, the males of one strain react peace¬ 
ably to a strange mouse and the males of the other 
strain are highly aggressive. Yet within a few days 
specific training can transform both types of m'.ce 
into either peaceful or fiercely fighting individuals. 

We have stressed the tentative nature, and the fre¬ 
quent absepce, of knowledge regarding the genetic 
basis of differences among human beings. Even if 
the information were more complete we would still 
have to make a detailed investigation of the effects 
selective agents would have on the genetic and pheno¬ 
typic composition of later generations, before we could 
fully understand the dynamics of populations. A 
few theoretical situations will be discussed in which 
selection.for or against various genotypes is active. 

The simplest situation is that of selection against 
a single factor, autosomal dominant genotype DD or 
Dd, or conversely, selection for a recessive genotype 
dd. Practically all persons carrying a rare dominant 
allele are heterozygous, so that we may restrict our dis¬ 
cussion to a population consisting of only Ddf and dd 
individuals. If the dmirmant allele is fully penetrant 
and causes its phenotypic effect to appear before the 
reproductive age has been reached, then suppression 
of reproduction of all affected individuals wilt lead 
to elimination of the dominant condition from the next 
generation (Fig. 2, dotted line) except for new muta¬ 
tions from the recessive to the‘dominant allele. If, 
on the other hand, selection, in terms of suppression 
of reproduction of Dd individuals, acts only oh aotne 




Vm. 2. Complete aelectlmi for teu sticcyiwlve generations agahiut u rare dominant genotype (Dom), a recesnlvt* (Kee), 
huU u double homozygota (Rec-Ree), Initial frequency of the selected genotypes 1% (3). 

Flo. 3. Complete selection against certain genotypes for four aucceMiive generations and cessation of selection dur¬ 
ing the following »1* generations. Rec = homozygous recesslves ; Rec-Rec - double homozygotes (e.g. A 9 A*M*B*) ; Dom-Bec** 
dominant phenotype In regard to one pair of alleles, recessive In regard to a second pnlr (e.g. AAhh aiuXAabb) ; Doro-Dom * 
dominant phenotype in regard to two pairs (e.g. A/1BJ9, AaBB, AAtib and AaBb) (3). 

and not on all these individuals, either because pene- Even with incomplete penetrance of a dominant 
trance is incomplete or for other reasons, then a frac- allele, a complete elimination in one generation could 
tion of affected persons will reappear in successive be accomplished if all children who had an effected 

generations. If, for instance, half of the carriers of parent remained childless, regardless of whetW they 

a dominant allele are selected against, while the other were phenotypically healthy or affected. This would 
half reproduce at the rate of the genetically normal involve not only the Dd individuals who might later 

population, the number of carrier individuals will be become diseased, but also their dd sibs who are geneti- 

reduced to one-half in the first generation following eally normal. Such a situation is fraught with 

selection, to one-quarter in the second, and in general tragedy. A person who knows that he is the carrier 

to (4)" of the original number where n equals the of a genotype that leads to a very serious disease later 

number of generations. in life will undoubtedly not wish to risk the chance of 

Complete selection against a single dominant factor producing potentially affected children, but the per¬ 
is thus 100 percent effective in a single generation, sonal sacrifice in remaining childless will appear very 

snd even partial selection accomplishes much. For heavy if the potential parent finds out later in life 

example, with a selection factor of one-half, the num- that he was free from the dreaded allele. A means 

her of dominants is reduced to a little more than one- of distinguishing between Dd and dd individuals when 

tenth of the original number in three generations, and both are still normal would be of great benefit to such 

has practically disappeared in ten generations. If, people. 

for instance, all dominant ehondrodystrophic dwarfs, Selection against a single-factor, homozygous, auto- 
or all individuals with dominant juvenile cataract somal genotype dd, or conversely, selection for a domi- 
would not reproduce, then the unhappiness caused by nant DD or Dd, is less effective than the type of seleo- 
the birth of affected individuals in these farailies would tion just discussed. The decrease of dd individuals 

he completely eliminated in one generation. For domi- from one generation to the next in a population in 

nantly inherited diseases like Huntington’s chorea, which all dd adults have been excluded from proerea- 

which often sets in after the reproductive age has tion can be calculated on the basis of the known fre- 

begtrn, the reproduction of the disease through eessa- queheies of the alleles D and d. If the two frequen- 

ttab of procreation try phenotypieally affected persons cies are p and q respectively (p + q »1), then the 
will follow the experimental decrease. frequencies of the three genotypes DD, Dd, and dd in 
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the original population are p* t 2 pq f and q 2 . After 
complete selection against dd, new dd can he produced 
duly in Dd x Dd unions. The frequency of Dd in the 
total population is 2 pq. Since under complete selec¬ 
tion against dd only DD (p 2 ) and Dd (2 pq) con¬ 
tribute to the next generation, the relevant frequency 
of Dd among the fertile population is 

2 pg _ 2 q 

p 2 + 2pq p + 2q 
which, because p-l-q, becomes 
2g 

1 + q. 

Therefore the frequency of dd in the new generation 
as a result of marriages of Dd x Dd, amounts to 

<»> 

The significance of the formula becomes apparent 
if some specific values for the initial frequency, q 2 , of 
dd individuals are used. If, for instance, this fre¬ 
quency is 1 percent then, after one generation of com¬ 
plete selection against the affected individuals (q t ) 2 
amounts to 0.83 percent. If the initial frequency is 
0.83 percent, selection in one generation will reduce 
it to 0.09 percent; if the initial frequency is 0.01 per¬ 
cent the reduction will lead to 0.009803 percent. 

Tlhese figures show two main facts; (1) that the 
lowering of the frequency is only a fraction of any 
initial frequency and (2) that the relative efficiency of 
selection against reeessives lessens with a decrease of 
the initial frequency. The second point is well illus¬ 
trated by a comparison between the first and last ex¬ 
amples. The reduction from 1 to 0.83 percent repre¬ 
sents a lowering of the initial frequency of dd by 17 
percent, while the reduction from 0.01 to 0.009803 per¬ 
cent represents a lowering by only 2 percent. 

This decrease in the effectiveness of selection against 
reeessives with a lowering of the initial frequency is 
of great significance if one considers the results ex¬ 
pected from selection continued over many successive 
generations. In Fig. 2 (continuous line) the results 
of selection over ten generations are given, starting 
with an initial frequency of 1 percent. It can be seen 
that the reduction in frequency of dd becomes less in 
each successive generation and that, after ten con¬ 
secutive generations of total selection, it is still nearly 
one-quarter of the initial frequency of 1 percent. 
To reduce it to one-tenth, that is 0.1 percent, would 
require 22 generations. If the selection against re¬ 
eessives is not complete but reduces the average repro¬ 
duction of dd individuals to some fraction of the 
normal rate, then obviously the effect of the selective 
process is even less. 

Selection would be more effective if it included not 
ohiy 0m homosygotes themselvefl but also eertainof 
whom likelyto be heterosygotes. 


The immediate effect, however, would bo very small, 
since in the case of rare alleles most marriages of 
heterozygous persons are with homozygous normal 
ones. It is true, nevertheless, that for any two 
helcrozygotcs who do not reproduce, two recessive 
alleles are eliminated, and this elimination, on the 
average, is equivalent to the nonappearance at some 
future tim? of one affected person. 

The foregoing analyses of the effect of selection 
against simple dominant or recessive traits apply pri¬ 
marily to specific abnormal traits. From a general 
point of view, the significance of these traits is small 
if compared to such traits as intelligence, for which 
a whole series of expressions exists and which are 
rightly of greater concern to the student of human 
genetics and to the sociologist. These quantitatively 
varying traits, insofar as their variation is genetically 
conditioned, arc the results of expression of multi fac¬ 
tor genotypes* If, for instance, a trait is controlled 
by two pairs of genes A 1 , A* and B x , B* f then nine 
different genotypes may be present in the popula¬ 
tion; A'A l B x B x , A'A'B'B*, A*A*B X B X , 

A X A'B*B*, A x A*B x B* t A*A 2 B x B 2 y A'A z B 2 B* t and 
A*A 2 B 2 B*. If A'A'B'B' and A 2 A 2 B-B 2 are pheno¬ 
typical extremes—for example, if they represent the 
lowest and highest endowment in the population— 
and if every substitution of A 3 for A x f or of B 2 for 
B 1 increases the endowment to a certain degree, then 
nine different degrees of endowment will exist. 

The results of selection against one or more of these 
multifactor phenotypes are different from those 
against single-factor genotypes. This may be seen in 
Fig. 2 (broken line), which shows the decrease of 
A i A 2 B 2 B i individuals during ten consecutive genera¬ 
tions of complete selection against this type. From 
on assumed initial frequency of 1 percent the fre¬ 
quency drops after one generation to 0.83 percent- 
just as in selection against a single-factor type 
dd. However, in later generations the decrease of 
A 2 A 2 B*B* is much less than of dd. After ten genera¬ 
tions the A*A a B®5 2 class still recurs in 45.5 percent 
of its initial frequency, in contrast to 25 percent of 
the dd class. The slower progress in the transforma¬ 
tion of a population in ease of multifactor as oppotsed 
to single-factor inheritance is«owing to the fact that 
the populations contain different frequencies of car¬ 
rier individuals. In single-factor inheritance only the 
heterozygous Dd individuals form a reservoir from 
which a dd may be reconstituted. In two-factor in¬ 
heritance against A*A*B*BV aS genotypes except 
arc carriers for one or the other, or for 
both oftfae alleles A* and againstwlwm selectionis 
directed. In a population which contains 1 percent 
18 pereentarotfdcamTOV 
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which contains 1 percent A 2 A 2 B 2 B 2 , 77,1 percent 
are A'A'B'B 2 , A*A*BW } A J A X B*B*, 

A i A i B l B 2 , A*A 2 B'B 2 , or A'A*B*B*. 

In single-factor inheritance with random mating, 
a change in on allelic frequency as a result of selection 
immediately leads to the establishment of a new con¬ 
stant distribution of the three genotypes DD } Dd, and 
dd , This is on expression of the Hardy-Weinberg 
rule, p 2 DD : 2 pq Dd: q 2 dd. This immediate establish¬ 
ment of an equilibrium implies that a lower frequency 
of dd attained after selection will remain at its 
level after selection ceases. It was Weinberg himself, 
however, who realized soon after his discovery of the 
situation relating to one gene pair, that for multiple 
pairs, if the equilibrium were disturbed, a new equi¬ 
librium would be established only gradually. This 
may be shown for the A 2 A 2 B 2 B 2 class. After one 
generation of selection this class is reduced from an 
initial frequency of 1 percent to 0.83 percent. If 
selection is discontinued, reconstitution of the cIosb 
from the large reservoir of carrier individuals leads to 
a new rise, which gradually brings its frequency up to 
0.91 percent—that is, to a recovery of nearly one-half 
of the originally lost frequency. 

This “comeback” phenomenon in two-factor pair in¬ 
heritance is obviously not restricted to cases in which 
selection ceased after one generation. Fig. 3 shows 
its existence and extent for some other examples, giv¬ 
ing the changes in the frequencies of various pheno¬ 
types after complete selection had acted for four gen¬ 
erations and then ceased. 

Multifactor inheritance is usually based on many 
more than two pairs of factors. The foregoing discus¬ 
sions, modified, apply also to inheritance involving 
three or more pairs. Since in a population the fre¬ 
quency of individual who are carriers for at least one 
of the alleles concerned in selection increases with the 
number of loci, the speed with which selection perma¬ 
nently accomplishes specific results decreases with in¬ 
creasing number of loci. 

The numerical data presented for selected cases of 
multifactor inheritance are examples of the kind of 
information needed for a detailed understanding of 
the effect of differential fertility in man upon the 
phenotypic and genotypic composition of later genera¬ 
tions, The model examples used in our discussion 
cannot be regarded as representing adequately the 
still unknown genetic situation in respect to such, traits 
as performance in intelligence tests, or other genetic 
components believed tq participate in the variability 
that places different individuals into different socio- 
aconomic layers. lt already ascmspossiblsj however, 
to aay timtgenctic changes brought about by selective 
arrsmallnext, and 


that the effectiveness of selection cannot be judged 
solely from a consideration of immediate phenotypic 
changes. 

The effectiveness of selection has been discussed for 
populations which at the beginning of the selective 
processes were in equilibrium. Specific alleles or com¬ 
binations of alleles, however, frequently occur in rela¬ 
tively high concentration in “pockets” of the popula¬ 
tion. The efficiency of selection is increased it there 
is a relatively high concentration of alleles in isolates, 
or more than random frequencies of homozygotes or 
of selected multifactor combinations. 

In another respect the effectiveness of selection may 
often be lower than predicted at first. If an inherited 
trait has a certain frequency in a random mating pop¬ 
ulation it must be ascertained whether the appearance 
of the trait is due to alleles at the same locus in each 
affected individual or whether it may be caused by dif¬ 
ferent loci. If the trait is the result of two or more 
different genotypes based on different loci, then the 
effect of selection has to be considered separately for 
each genotype. 

This may be shown by an example. Assume a pop¬ 
ulation in which 1 in 10,000 individuals is blind for 
genetic reasons—that is, a frequency of 0.0001. If 
the blindness of all individuals were caused by the 
same homozygous recessive allele, then one generation 
of selection against the trait, according to equation 1, 
would reduce its incidence to 0.00009803. On the 
other hand, if there were ten different, and equally 
numerous genotypes, each of which produces blind¬ 
ness, then the initial frequency of any one of them 
would be one-tenth of 0.0001 or 0.00001. Selection, 
for one generation against each homozygous genotype, 
would reduce it to 0.000009937, so that the frequency 
of the sum of all individuals affected with any one of 
the ten genotypes is 0.00009937. Selection against the 
trait would thus lead to a reduction of only 0.03 per¬ 
cent of the original frequency ns compared to 1.97 
percent when a single genotype is involved. This 
hypothetical example is probably representative of 
many actual situations, since many results suggest 
that similar or apparently identical hereditary pheno¬ 
types are the result of diverse genetic constitutions. 

The slowness of selective processes against recessive 
single factors and against multiple factors is both a 
blessing and a curse. It is a fortunate feature in that 
it forms a powerful buffer against sizable, undesirable 
effects of selection, as in differential fertility directed 
against intellectually well-endowed groups. It is an 
unfortunate feature in that selective measures aimed 
at eliminating undesirable traits are rendered rela¬ 
tively ineffective. In either respect the population at 
large serves as a huge reservoir for alleles from which 
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thedesirable and undesirable genotypes can be reoon 
stituted. 

If the hopes and fears of the eugenic movement 
seem greatly exaggerated in the light of a numerical 
treatment of the problems, it should not be forgotten 
that the idealism which concerns itself with the genetic 
fate of future generations has a sound core. To say 
that the loss of supposedly desirable genotypes in one 
or even many generations of differential fertility is 
small does not remove the fact that it is a loss, which 
may be regrettable and possibly even have serious 
consequences. Although reproductive selection against 
severe physical and mental abnormalities will reduce 
the number of the affected from one generation to the 
next by only a few percent, nevertheless these few 
percent may mean tens of thousands of unfortunate 
individuals who should not be bom. Conversely, even 
a slight increase of desirable genotypes, through posi¬ 
tive eugenic measures, would he a social gain. 

Eugenie and dysgenic selection are concerned with 
genetic constitutions which under present physical, 
mental, and social circumstances may lead to desirable 
or undesirable phenotypes. Since many genotypes 
express themselves differently under different environ¬ 
mental conditions it is possible that new kinds of en¬ 
vironments can make genotypes which now lead to 
undesirable phenotypes shift their developmental re¬ 
actions so as to result in desirable phenotypes. Thus, 
if a certain genotype formerly caused the serious dis¬ 
ease diabetes mellitus, by way of a deficiency in inter¬ 
nally produced insulin, the same genotype can now be 
made compatible with nearly normal living, by means 
of injection with insulin. Or it may be assumed that 
one genotype gives its carriers, in their specific edu¬ 
cational and social environment, a lower I.Q. than 
another genotype gives to other individuals in their 
different environment. In spite of these circum¬ 
stances, it might be possible to bring the carriers of 
the “lower” genotype to the same high achievement or 
even higher than the others, by means of a particu¬ 
larly appropriate environment. 

Does substitution of a special environment to make 
up for deficient gene function necessarily lead to a 
weakened constitution of mankind? This question is 
frequently asked, and if it means that man may be¬ 
come more dependent on his environment than he was 
when all deficient genotypes were wiped out by natu¬ 
ral selection the answer is yes, as far as the specific 
trait isconcerned. Such dependence on special envi¬ 
ronments, however, did not start with the advent of 


civilisation. When, in earliest evolutionary times, ani¬ 
mals first developed, a new dependence of organisms 
on the environment arose. Instead of being ahle to 
synthesize their protoplasm from inorganic sources, 
animals had to rely on other organisms for food. 
When, much later, man’s ancestors lost most of their 
mammalian body hair another, but this time minor, 
step was^aken. Man had to rely on fur from other 
mammals and on fire to keep his temperature at the 
necessary physiological level. 

In no instance, however, has man’s greater depend¬ 
ence on specific outside sources for his Survival been 
equivalent to degeneration. On the contrary, the de¬ 
pendence has often resulted in greater freedom from 
the restrictions of the external world. The loss of 
ability to use inorganic material for food became cor¬ 
related with the evolution of nervous systems and 
sense organs, which make possible the many autono¬ 
mous adjustments of animals. The dependence on 
clothing and fire enabled man to occupy regions of 
the globe where he could not have survived earlier. 
The passing of the primitive stages, in which each man 
was to a large extent independent of the help of 
others, gave rise to the complex interdependence of 
men in modern civilization. This new dependence has 
released man from the physical and mental starvation 
of earlier tunes. It is true, however, that man's free¬ 
dom from his many limitations can persist and grow 
only if he retains and extends his slowly acquired 
control over his environment and over himself. 

Human genetics concerns our own as well os future 
generations. Genetic counseling is largely devoted to 
individual problems, but the social implications of 
specific advice usually have not been disregarded. 
Eugenie thinking has always emphasized the well¬ 
being of mankind, even though much eugenic coun¬ 
seling was based on inadequate knowledge and has 
been harmful. In the future more knowledge will be 
gathered and will aid Wise planning. Then genetic 
and eugenic counseling will become the foundation of 
human genetic engineering. Although eugenic prob¬ 
lems are not as urgent as the pessimists believed, their 
ultimate importance can hardly be overestimated. 

1. Daii!,bsb< 2 ( O. Mathematical method* for jtojmtotien 

genetic*. New York: Interseienee, 1048. Pp. 1-1S2. 

2, Ifoftx, H. F. Milhank Mem. Fund Quart., 1047, 40 , 359, 
8. Kollbh, B. Z. Konetttutl, 1985, JL0, £58. 

4. Ohoiin, F. Preface to eu genie*, New York: Harper, 

1940, 012. 

5. 8mucin, M, $eh. 4 1929, SO, 804. 


T/wte article h a oondeneod verewn the chapter on selection and 
enpeftfef 4* Pr. Stem 9 * fotihetmlng beejb. Principles of human ge¬ 
netics, to he pnhUehed ty W* E. Freeman and {hmpauy 4* September* 




August 26, 1940, Vol. 110 


SCIENCE 


209 


Research Publication: A Federal Responsibility? 

Marion A. Jurgens 

former head of the Editorial Branch, Scientific Information Division, Office of Naval Research 


T HE NATION'S POSTWAR BUDGET for 
research and development during 1047 reached 
the highest point in our history—more than 
$1.1 billion.” Thus John R. Steelman reports 
to President Truman in “Science and Public Policy” 
on the unprecedented volume of our national research 
effort (£). 

This is a staggering figure when viewed against a 
total national research expenditure in .1930 of $166 
million and of $345 million in 1940. Over a period 
of 17 years the national budget for research and devel¬ 
opment has increased more than 560 percent. Steel- 
man recommends further that “our national expendi¬ 
tures for research and development should increase as 
rapidly as possible. By 1957, we should have at least 
doubled our present budget for this purpose” (J). 

If Steelman were making his report today, he would 
have the federal expenditures on atomic energy re¬ 
search and development to add to the total. Officials 
of the Atomic Energy Commission estimate that ap¬ 
proximately 300 million dollars of their federal ap¬ 
propriation are now spent annually on scientific re¬ 
search, exclusive of construction, weapon development, 
and administrative costs. This raises the total an¬ 
nual national expenditure for research and develop¬ 
ment to well over the billion dollar mark. 

Research vs. Publication 

For the cause of science, this calls for rejoicing. 
But something has been overlooked. The scientific 
journals—in which results of this tremendous research 
effort would normally be published—have not kept up 
either in volume or in scope with the inexease in re¬ 
search. tin the contrary, these journals have been 
beset by rising printing costs and overtaxed by the 
amount of good scientific material crying to be pub¬ 
lished. 

To make mutters very much worse, most research 
expenditures are made by the federal government and 
publication in the government, by tradition, has been 
viewed rather dimly because Congress frowns on pub¬ 
licity by government agencies. Although scientific 
publication u a necessary part of research and a far 
cry from publicity, the bad connotation of publishing 
byr. . This is unfortunate, for 

ernm record 


ONR-AEC Power 

It is interesting to note the stand taken in this 
respect by two government agencies which today figure 
most importantly in scientific research—-the Office of 
Naval Research and the Atomic Energy Commission. 
ONR’s publication policy has been stated as follows: 
“The most appropriate means of disseminating results 
of sponsored research is by publication in the recog- 
nixed scientific channels.” The AEC, in its Fifth 
Semiannual Report, says: “The Commission’s policy 
is to encourage the use of normal channels for the 
release of scientific and technical information” (5). 
Both agencies have adopted this policy because they 
believe the normal channels for scientific publication 
have been tested by time and found acceptable. But 
the policy has now proved inadequate. 

Let us review effects of this policy. The Royal 
Society Scientific Information Conference, held in 
London last surner to examine the scientific publica¬ 
tion problem on an international scale, listed these 
major effects of the existing publication system of 
scientific papers: , ■ 

1. Absolute loss of knowledge. Many papers are never 
seen by the workers who could make use of their findings 
and who are therefore obliged to discover the results for 
themselves. 

2. Relative loss of knowledge. Owing to delays in 
publication, abstracting and distribution, scientific papers 
often reach interested workers long after their publica¬ 
tion, occasionally as long as three years. This delay 
slows down the Whole circulation of science and also leads 
to unnecessary duplication. 

3. Inoonvenienee, due to loss of research time in search¬ 
ing for literature and for ibis purpose reading through 
masses of irrelevant information. 

A. Increasing cost of publioation, which in turn has 
three consequences: 

a. Reducing the possibility of full publication of sci¬ 
entific material 

b. Crippling scientific societies by so adding to their 
subscriptions that they lose membership, and conse¬ 
quently 

e. Depriving the students of poorer finances of the pos* 
•ibiliiy /<$■ mernbersh^ <rf these societies. 

A JEwse* of seienti}lo, tUrieal, aM technical manpower 
in directing and adauniatertng.aa extremely complicated 
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and overtopping series of small undertakings producing 
scientific literature. 

The report concludes that “these obstructions to sci¬ 
entific progress are plain and obvious” (5), 

These, then, are some of the recognised universal 
effects of the existing system of scientific publication, 
ONE and A EC, in recommending use of this system, 
as it now exists, are recommending use of an inade¬ 
quate system, but arc severely limited in authority 
and resources to make it more adequate. At the same 
time they are burdening the scientific press by adding 
to the volume of papers it must handle. 

To illustrate specifically what is happening to the 
normal channels for scientific publication, let us ex¬ 
amine journals in two very important fields: physics 
and the biological sciences. 

Physics . The American Institute of Physics pub¬ 
lishes the following journals: Physical Review, Re - 
views of Modern Physics, Journal of the Optical 
Society of America, Journal of the Acoustical Society 
of America, American Journal of Physics, Review of 
Scientific Instruments, Journal of Chemical Physics, 
and Journal of Applied Physics. The first five are 
published by the Institute for member societies and 
the last three are the property of the Institute. About 
a year ago the Institute started a semitechnical pub¬ 
lication, Physics Today . 

The Institute is trying to cope with its increased 
publication costs by using a standardized format for 
all of its eight technical journals, by lowering typo¬ 
graphical standards somewhat, and by expecting au¬ 
thors (or their laboratories) to make an appreciable 
contribution towards the cost of publication. Such 
aid is asked on the grounds that this cost is small com¬ 
pared with that of the research described, and that it 
encourages brevity of presentation. This policy is im¬ 
plemented by giving no free reprints and by charging 
a high price for any number np to 160. Price of re¬ 
prints ranges from $11.90 for 160 reprints of articles 
of 1-4 pages to $60.50 for an article of 17-20 pages. 
An additional $7A0 is charged for covers. Alterna¬ 
tively, authors may elect to pay a publication charge 
of $4 per page. In this case they arc entitled to 100 
“free” reprints (without covers), and the price of 
further copies is then obtained by deducting that of 
the first 100 front the prices quoted above. In prac¬ 
tice, the latter option is decidedly more expensive for 
tire author. It is nevertheless the one that he is ex¬ 
pected normally to adopt ns a means of meeting part 
of the costs of publication. 

The authors are also expected to prepare any dia¬ 
gram* included with ^ form suitable for 

The American Institute of 
offers no facilities for redrawing. Poor dia¬ 


grams are returned to the authors, and the result is 
delay of publication. 

The author is expected not to make changes after 
his article has reached the galley proof stage, and is 
charged $3 per hour for editorial corrections. 

In spite of these restrictions, physicists are publish¬ 
ing at a ^increasing rate. Henry A. Barton, director 
of the American Institute of Physics, reporting on 
the financial difficulties of the Journal of Chemical 
Physics , says: “The budget was balanced in 1948 only 
by ‘holding over' some 200 pages ready for publica¬ 
tion ... to catch up and keep up witrf the acceler¬ 
ated flow of material meeting the editorial standards 
of the Journal, 2000 pages are needed for 1949." In 
J 944, 696 pages bad been adequate. 

Dr. Barton continues: “The estimated total income 
of the Journal for 1949 is $30,000, which falls $20,000 
short of providing for the demand. ... To meet the 
need of the Journal of Chemical Physics and others 
of a like nature, the Institute would have to budget 
such large deficits as to exhaust its total financial re¬ 
serves in eighteen months. Obviously a more durable 
solution must be found. Meanwhile the Executive 
Committee of the Institute must very reluctantly re¬ 
strict the page budget for 1949 to a figure much lower 
than 2000. ... It is hard to overstate the seriousness 
of the present situation” (1). 

How much of all this should be of concern to the 
government! A count of all articles and letters-to- 
the-editor appearing, in the Physical Review over a 
six-month period last year revealed that fully a third 
were reports on government-sponsored research. 
There is no way of estimating what percentage of 
government research papers go unpublished, but the 
journal's many-month backlog indicates that very 
many such papers are lying in the editor's basket. 

Furthermore, the rise of nuclear physics has created 
special needs and no journal has come into being to 
provide for them, For instance, as far as ONE and 
AEC are concerned, there is no “normal” publication 
channel for the hundreds of nuclear physicists work¬ 
ing on their programs. If results in this field are 
published they add to the burden of the present 
physics journals. 

Nuclear physicists have an alternative: they can 
end do publish in McGraw-Hill's semitechnical maga¬ 
zine Uuckonics. It provide! only limited publishing 
facilities but it fills, in a marginal way, a need that 
commercial backing can fill where a less favorable 
financial positioh prevents the nonprofit Institute of 
Physics from attending adequatelyto many of the 
heie#i$^ it was founded to serve. " ' 

/'BMagieal pub- ■' 

liefttion in the biological sciences iS at least as serious 
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as in physiea. For one thing, the research men in the 
biological science's have not been organized until very 
recently. The American Institute of Biological Sci¬ 
ences was started just a year ago to serve this im¬ 
portant group of scientists, whereas the American 
Institute of Physics was founded in 1931. 

This looseness of organization has led to confusion. 
A count made recently by the American Institute of 
Biological Sciences reveals that there are in existence 
some forty journals in this field, some with a circula¬ 
tion of only two hundred. To mention just a few, 
there are the American Journal of Physiology, Jour¬ 
nal of General Physiology, Plant Physiology, Ecology, 
Ecological Monographs, Phytopathology, Journal of 
Parasitology, American Biology Teacher, Journal of 
Bacteriology, Bacteriological Reviews, the Bryologiet, 
American Journal of Botany, Copeia, Journal of 
Heredity, Growth, Transactions of American Ento¬ 
mological Society , Journal of Economic Entomology, 
Entomological News. 

It would be difficult indeed to establish which are 
the normal channels for publication here. Many of 
the journals seem to overlap in function and field 
covered. Many reach such & limited audience that it 
would seem they hardly justify their publication costs. 
It is little wonder that publishers of most journals 
in the biological sciences are worried. 

And yet the biologists constitute a large group that 
must be served. Seventeen member and affiliated 
societies, comprising over 10,000 scientists, have joined 
the AIBS in its first year of existence. Ten thousand 
scientists have much to soy and there should be organ* 
ized channels through which they could speak, AIBS 
has already appointed a Committee on Publication 
Problems to study the question. Under the capable 
direction of A. J, Riker, University of Wisconsin, this 
committee is trying to come up with some publication 
answers for its colleagues. 

Time Km Government Action? 

It is not necessary to recount here the publication 
troubles besCtiing scientists in other fields. It is safe 
to say that for the most part the learned journals are 
refusing good articles, forcing authors to pay for the 
privilege of publication, or reducing articles to little 
more than abstracts. To the extent that the scientific 
press has been forced to exclude useful material the 
progress of science is being slowed. To that extent, 
the norpeial channels, as the situation now stands, arc 
proving inod^quate to the dissemination of the na- 
tion ascientific information. 

The icientific journals are not to blame for the 
sftuarion and they can ^ to correct it. But the 
^ agencies ^ the principal sup¬ 


port of research might logically be expected to help 
shoulder the burden of publication that this research 
creates. 

The ecientifle information divisions of the govern¬ 
ment ugeueics are concerned with the problem. They 
have listened to various schemes and suggested various 
schemes. Many sent representatives to the Royal So¬ 
ciety Scientific Information Conference mentioned be¬ 
fore, which brought together heads of departments in 
universities and technical colleges, .directors of gov¬ 
ernment laboratories, research associations and indus¬ 
trial laboratories, and editors of scientific publications 
in Britain and the United States. The conference was 
called “to discover in what directions improved serv¬ 
ices can be provided for the promotion of science by 
assisting working scientists in the dissemination and 
assimilation of scientific information” (6). 

The first proposals the conference considered were 
for a panacea—one solution for all the world’s scien¬ 
tific publication woes. The most publicized scheme 
was that presented by J, D. Bernal of Birkbeck Col¬ 
lege, London, for replacing the present system of in¬ 
dependent journals with a system for distributing in¬ 
dividually printed papers through a central agency. 
“National Distributing Authorities” would be created, 
to receive papers and refer theta to panels of appro¬ 
priate scientific societies. On acceptance, papers 
would be printed by the National Distributing Author¬ 
ities concerned and distributed according to a detailed 
scheme. 

Dr. Bernal’s plan aroused such a storm of protest 
that lie finally withdrew his paper from the conference 
agenda in the interest of harmony. The official pro¬ 
test of the Society for Freedom of Science (Great 
Britain) contains the following statement (4) i 

Scientific publication is a natural and indispensable 
sequel to scientific investigation, the two together form- 
ing an indivisible process which rests essentially on the 
individual freedom of men of science to work, write and 
publish as they choose within the powers they recognise 
as their own. The scheme for centralised printing and 
issue of scientific papers seems to threaten these rights 
to scientific f reedom very directly and to involve a great 
over-all loes of efficiency. 

In view of tbia violent reaction it would seem wise 
to recognize the fact that we cannot hope to solve our 
problem with any one scheme. If the experience of 
the conference is any criterion, many solutions must be 
sought and many experiments undertaken before we 
oatt approach effectiveness. The conference made 
progress only when it settled down to tackling the 
problem by many method* in meaty places. Delegates 
returned to their countries determined to deanout 
their own olosete first 
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Proposed Steps for Government 
Research Agencies 

These are the steps proposed, then, for action by 
government research agencies (bat no one of the steps 
is adequate alone): 

1. Support of the normal channels* It most be 
recognised that the normal channels through which 
scientific information is published, if they are to cope 
with a billion dollars of research annually, must be 
supported. 

Existing legislation of course prohibits a govern¬ 
ment agency from supporting a private publication. 
That regulation need not be challenged. Support 
could be given to the learned societies or to groups of 
learned societies through their institutes to set up a 
central clearing office to cope with the publication 
problems of their own official journals. The Ameri¬ 
can Institute of Biological Sciences has such a centred 
unit under consideration to help solve the publication 
problems of its members, and funds are being sought 
for support from private research foundations. It 
seems only fair and right that the government agen¬ 
cies sponsoring research should lend their support, 
too. 

How would this central publications unit function ? 
It could consolidate weak journals into one effective 
stronger journal. It could negotiate with a printer a 
joint contract for a number of the journals of its con¬ 
stituent societies and thus obtain better printing rates 
by standardizing the physical characteristics of the 
journals. Type, paper stock, format, and other physi¬ 
cal factors could be standardized and yet each journal 
could retain Its individuality by means of such details 
as cover page and text divisions. The American In¬ 
stitute of Physics has already established itself as such 
a clearinghouse, with some success, but perhaps it 
could be more successful with outside support. 

2. Intra-agency publication. Each government 
agency should provide some medium within its organi¬ 
zation for publication of its own research. The Na¬ 
tional Bufeau of Standards seems to have set a pat¬ 
tern that works effectively. Its unclassified Journal 
of Research is recognized by its scientists a* worthy 
of carrying their papers. The Journal occupies a 
dignified, honored place, along with other well-recog¬ 


nized scientific journals. Furthermore, full reports 
on work reviewed in the Journal are readily avoidable 
from the Government Printing Office and are widely 
used by scientists requiring detailed data on a specific 
research problem. 

Other government agencies could establish such de¬ 
classified journals, which would achieve reputation 
quickly bjt virtue of the unchallenged reputation of 
the seienlists who would publish in them. 

The last war demonstrated how scientists rally to 
the national defense. The success of the government's 
postwar research program attests that tl|cy are still 
interested in contributing to the national security. 
Offering them opportunity to publish in government 
journals would be a way to make them feel more ef¬ 
fective. One ONH contractor, James A. Reyniers, of 
the University of Notre X)ame, expresses a scientist's 
feelings in this respect; “One of the mistakes that 
governmental supported research can make is to be¬ 
come a vast silent repository into which a scientist’s 
best efforts can be dumped with no echo in return.” 

3. Exploration of other mediums. We must con¬ 
stantly be alert to other supplementary mediums for 
disseminating scientific information. For instance, 
the government must support on an increasing scale 
symposia in which experts in a given field are brought 
together from government, industrial, and academic 
laboratories to tell each other what they are doing. 
The Royal Society Scientific Information Conference 
records as a recommendation of one of its working 
parties that “reports on ‘symposia’ are recognized as 
a valuable contribution to the recording of progress 
in science.” 

The Committee on Technical Information of the Re¬ 
search and Development Board plans to explore other 
existing mediums that can be Used more and to better 
purpose. 

The problem of adequate scientific publication is 
urgent. If, as Steelman recommends, the nation 
doubles its present research budget by 1957 then it 
must also double its effort in publication. It is a 
problem everyone concerned with science must face. 
Surely the original and active minds of science can 
solve this problem, as they have solved so many 
greater problems in the past. 
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Cysteine Protection against X Irradiation 

H. M. Putt, E. B. Tyree, R. L. Stmube, and D. E. Smith 

Physiology Section, Division of Biology, 

Argonne National Laboratory , Chicago 

It is generally considered that many of the biological 
effects of radiation can be attributed to the activated wa¬ 
ter reactions which result from the irradiation. Inhibi¬ 
tion or inactivation of enzymes and other materials by 
the actions of tlie decomposition products of water (OH, 
II a O a , 0 2 II, H) and the prevention or reversal of these 
effects under certain conditions have been reported by a 
number of investigators. Barron (I) has found that 
sulfhydryl-containing enzymes are readily oxidized by ra¬ 
diation and that it is possible to reactivate such enzymes 
after moderate radiation doses (100-200 r) on addition 
of a reducing agent such as glutathione. Reducing amino 
acids, glutathione, and ascorbic acid have been reported 
by Ephpati (£) to protect tetanus toxin against the ef- 
feets of X-rays, whereas oxidizing substances are without 
effect. The finding by Evans (S) that the toxicity of ir¬ 
radiated water to Arbacia sperm is reduced by catalase 
also supports the concept of indirect action by the decom¬ 
position products of water. Although other related ob¬ 
servations are cited in the literature (4), the extent to 
which oxidizing and reducing substances contribute to 
radiation damage in vivo has received little, if any, con¬ 
sideration. We should like at this time to communicate 
some of our observations concerning the influence of 
cysteine, the amino acid-containing -SH, and cystine, 
its oxidized counterpart, on the radioBonsitivity of rats. 

Since, in our experience, the product (toxicity, survival 
time, hematologic change) of radiation dose rate times 
duration of exposure appears to be a constant over a 
fairly wide range, we have employed brief exposures to 
fairly intense radiation on the assumption that a poten¬ 
tially. protective material should be present in the blood 
and body fluids in high titer during the entire exposure. 
The radiation factors were: 2H0 kv, 3J5 ma, 0.5-mm Cu 
and 3.0-mm ^akeRte Alters, 27.5 cm target,distance, and 
210, r/mln dps* rate. Male and female rats (Sprague- 
Dawley) weighing 150-250 g received 800 r total-body 
X radiat^^ % in a single exposure. Animals of the same 
««c were irradiated in pairs, one serving as a control, the 
other as. a treated animal. 

Pyateine was ihjocted into a toil vein either 1 hr before, 
5 min before, or 5 min after exposure. Neutralized 
(pH 7>as weU as unneutraliMd(pH 1) cysteine-HCl 
solutions were compared. Four different dosea were em- 
piqyed <|?5, 650, 576, and 875 mg am cysteine per kg 
body solution was used 

to dem*a*e theryolttme. of injected fluid. Since rapid in¬ 


jection of this concentrated solution, especially with the 
higher doses, may result in acute pulmonary edema and 
death (also true with 20% NaCl), the cysteine was in¬ 
jected slowly over a period of several minutes. Occa¬ 
sional sloughing of the tail was seen at the injection site. 
It is of interest that this reaction can be prevented by 
anesthetizing the rat before injection. Cystine is rela¬ 
tively insoluble at pH 7, and only an acid solution of this 
material was used (0.66%, pH 1, 280 mg/kg body 
weight). Irradiated controls for the neutralized cysteine 

TABLE 1 

KFVftCT OF P&ETRBATM8NT WITH CVBTtJlNK AND CVSTINB ON 
SUKVIVAI, AFTER TOTAL-BODV X IRRADIATION 

with 800 Roentgens* 



I7C1 groups were injected intravenously with an equiva¬ 
lent volume of a 5% solution of NaCl. All other controls 
received I.V. injections of 0.0% hf*01 adjusted to the 
pH of the test solutions. AU rats were fed Derwood 
Checkers and water ad lib. 

Our findings reveal that pretreatment with cysteine 
markedly reduced toxicity from total-body X irradiation 
(82% survival, cysteine [pH 1] pretreated; 10% sur¬ 
vival, irradiated controls). We have obtained similar 
results in mice (A), On the Other hand, the disulfide, 
cystine, did not influence survival. Cysteine-HCl adminis¬ 
tered at pH 1 seemed equally effective at each dose level. 
However, with the neutralised preparation, greatest pro¬ 
tection was afforded when the highest dose (875 mg) was 
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used. This may possibly be explained by the fairly rapid 
oxidation of cysteine to cystine in a neutral medium be* 
foro its administration. A similar reduction in mortality 
was observed when cysteine was given either 5 min or 
1 hr before X irradiation. Significantly, injection of 
cysteine immediately after the exposure was ineffectual. 

TABLE 2 

INUXUBNCR OF TlMB OF INJECTION OF CVSTBIXS ON SPRVIVAJj 
after X Irradiation with 800 Uobntgrns* 


Treatment 

Xtoup 


Time of Injec¬ 
tion relative 
to X Irra¬ 
diation 


Number 
of rats 


% Survival 
after irradiation 


3rd 4th 
week week 


Control 5 min before 15 73 20 13 13 

Cysteine 5 min before 15 87 87 87 87 

Control 1 be before 13 80 20 20 20 

Cysteine 1 hr before 15 100 87 80 80 

Control 5 mfn after 16 88 10 13 0 

Cysteine 6 mlu after 15 60 20 13 13 

• Cysteine—875 mff/kg I.V., pH 7; controls received 
equivalent volume of 5% NaCl X.V. 

Those results are summarised in Tables 1 and 2. If all 
rats receiving cysteine at either pH 1 or 7 before their 
irradiation are considered as a single group, there are 
92 survivors of 120 cysteine-treated animals (73%) as 
compared with 18 survivors of 134 irradiated controls 
(13%), These findings aro highly significant statisti¬ 
cally (p« .001). 

Change in body weight was followed in a small group 
of rats pretreated with cysteine. Body weight is a fair 
prognostic sign of ultimate toxicity in the irradiated rat. 
Although the initial decrease was similar in the cysteine 
pretreated and in the control animals, body weight recov¬ 
ered rapidly in the former. 

We may conclude that cysteine, but not cystine, ad¬ 
ministered to rats prior to X irradiation in the nearly 
completely lethal range, greatly diminishes toxicity. This 
ameliorating influence may reside in the protection af¬ 
forded certain critical cellular constituents against oxi¬ 
dation by the presence of cysteine or an intermediate of 
cysteine, A study of the protective influence of cysteine 
when administered at longer intervals before irradiation 
and by different routes as well as of other substances, 
such as glutathione, methionine, tryptophane, and ascor¬ 
bic acid, is in progress. The metabolism of injected cys¬ 
teine in the irradiated animal and its effect on the hema¬ 
tologic and histologic changes induced by radiation will 
be reported in detail in a subsequent communication. 
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Humidifying Apparatus for 
Small Test Rooms 

Theodore C. Scheffer end Oscar W. Torgeson 

Bureau of Plant Industry, Agricultural Research Adminis¬ 
tration, U. S. Department of Agriculture and Forest Prod¬ 
ucts Laboratory, Forest Service, V. $. Department of Agri¬ 
culture 

:v 

The wood-element hygrostnt illustrated in Fig. 1 was 
dovised by Torgeson for use in an experimental lumber 
dry kiln at the.U. S. Forest Products {Laboratory, Madi¬ 
son, Wisconsin. Because of its simplicity and sturdiness 
it later was installed in each of two 000-eu-ft rooms used 
at the laboratory for accelerated testing of the resistance 
of wood and wood products to decay by pure cultures 
of wood-destroying fungi. As set, the hygrostnt, in con¬ 
junction with the humidifier illustrated in Fig. 2, main¬ 
tains a relative humidity of 70% with deviations of about 
±2%. The temperature of the rooms is thermostatically 
kept at 80 d F. Over several years, no adjustment in sot¬ 
ting on account of changes in characteristics of the by* 
grostat has been needed. The reliable performance and 
simplicity of this humidification system should make it 
useful in many connections requiring humidity control 
within a moderately narrow range and at a level greater 
than that prevailing outside the space to be conditioned. 
It is already being used for biological work at a number 
of other laboratories. 



to* fftw 



Fia. i. Hygrostat. 


4 The novel features of the hygrostat consist of the wood 
element and 8 microtype switch that is sensitive to a 
very alight movement of the element. The wood should 
be free of defects and have as fiat a grain as possible, 
for ths flatter the grain the greater will be the dimen¬ 
sioned change lengthwise of the element with a 
change in relative humidity, and thus a correspondingly 
greater operating oenattMty of Rw hygroctat will be 
provided. ■ lie eapwoed of hardwood epeeiee, *oeh ae 



August 26/1949, VoL 110 


SCIENCE 


215 


maple and birch, makes a good element. The switch 
should be of the normally dosed type. It is opened by 
pressure of the foot of the wood element against a pro¬ 
truding contact point, and this Interrupts the flow of 



SC*L£ 

Flo. 2. Hamiaifler. 

current through the heating coil of the humidifier. It is 
closed again and humidification is resumed as the ele- 
men, shrinks in response to decreasing relative humidity. 
No relay is required; the switch, which is designed for 
current loads up to 10 amps at 125 volts, is simply con¬ 
nected in series with the heating element of the humidifier. 

The relative humidity to be maintained is controlled 
by the proximity of the element foot to the Bwifcch con¬ 
tact point, which is regulated by adjusting the spacing 
between the spring bronze element supports. These sup¬ 
ports are spread or contracted by turning the right- and 
left-hand threaded screw in the nuts brazed to the sup¬ 
ports. The final adjustment is arrived at by trial and 
error, using a wet- and dry-bulb hygrometer to indicate 
when the proper setting has been made. 

The humidifier (Fig. 2) consists of a closed 5-gal 
reservoir of water that feeds through 10-mm glass tubing 
into a glass evaporating pan. Heat is supplied by an 
open, 200-w heating coil submerged In the pan. A sealed 
heating unit probably would give longer service, although 
the open coil is remarkably durable when kept submerged. 
The smaller the heat output of the unit, the smaller will 
be the overrun in humidification resulting from lag in the 
respons^of the hygroatat. 

The waiter reservoir is filled as necessary through a 
i-in. hole bored in the top. A rubber stopper is inserted 
in the outlet tube during the filling process. Distilled 
water is used because of the extreme hardness of the tap 
water at Madison, although lime would not, of course, 
materially interfere with the operation of the apparatus 
if it were removed from the evaporating pan and heating 
unit frequently enough to pretent large accumulation. 

Significant stratification of relative humidity and tem- 
petuture ia the controlled rooms at the laboratory is 


avoided by keeping an electric fan running at low speed 
in each room. 

From measurements made in one of the rooms during 
the winter, it was found that about 873 g wntcr/day Was 
evaporated in maintaining the 70% relative humidity. 
The humidifier was in operation about 5.8 hr each day, 
which entailed a daily power consumption of about 1.16 
kwhr. Corresponding summertime values wero not mens 
ured, but are known to be considerably smaller. The 
room in this case is walled on three sides with double 
sheet rock panels with mineral wool insulation batting 
between them, and on the fourth side with unglazed tile. 
All conspicuous cracks and similar openings to the out¬ 
side are sealed with calking compound, a measure that 
materially reduces the amount of humidification required. 

To provide n relative humidity lower than that of the 
outside atmosphere, some arrangement for increasing the 
temperature (if this could be tolerated) or for dchumid- 
ifiention would, of course, be necessary. In any case, 
the wood-element hygrostat could be adapted to serve 
ns the control apparatus. 

Treatment of Nausea and Vomiting of 
Pregnancy with Dramamine— 

Preliminary Report 

Paul E. Carliner, H. Melvin Radman, and Leslie N. Gay 

Allergy Clinic of the Medical Deportment, 

The jobnt Hopkins University end Hospital, 

Baltimore, Maryland 

Nausea occurs in approximately 50% of pregnancies, 
and in about 25% vomiting ensues. The severity of 
symptoms varies in individual patients. Frequently pa¬ 
tients require hospitalization because of the excessive 
dehydration which occurs. However, in a study of 15,000 
cases, Eastman and Heilman (f) have reported that in 
only one instance was interruption of tho pregnancy 
necessary. The cause of these symptoms lias never been 
definitely established. 

Coincident with the study of the control of motion 
sickness with Dramamine (fi), it was decided to inves¬ 
tigate the effect of the drug on nausea and vomiting in 
pregnancy. 1 The following data nro presented as a pre¬ 
liminary report of this investigation. 

Forty-three women who had complained of these symp¬ 
toms for 4-6 weeks had been given a number of remedies. 
Intravenous pyridoxins/ oral pyridoxine, oral thiamine 
chloride, sedation, and psychotherapy liad failed. Each 
patient was given 100 mg pf Drmnnmine, three times 
daily. This dose was reduced to 50 mg throo times daily 
for seven patients because of minor side-effects—drowsi¬ 
ness and vague subjective muscle tremors. Unknown to 
10 patients, the drug was discontinued and a placebo of 
lactose, identical in appearance, was substituted. 

Thirty-one patients (72.1%) of the 48 were completely 
relieved of their symptoms 8 hr after administration of 
pTamambre. Ten patients whose symptoms were eon- 

1 Dramamine supplied by G. D. Dearie ft Co., Chicago. 
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trolled by the drug relapsed when a placebo was sttbeti- 
tutftdf but immediately regained their normal health after 
Dramamine was again administered. Twelve patients 
(27.8%) of the 43 obtained no relief from the drug. 

In summary t although the number of patients treated 
with Dramamine is small, the results are so encouraging 
that the Allergy Clinic and the Obstetrical Clinic of the 
Johns Hopkins Hospital and University are making an 
extensive comparative study. Those data will be pub¬ 
lished in a subsequent report. 
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Plasma and Liver Protein Levels in Rats Fed 
the Carcinogen 2-Acetylami nofl uorene 1 

feme* H. Leethem 

Bureau 0 / Biological Research and Department of Zoology, 
Rutgers University, New Brunswick 

Cook, Griffin, and Luck (I) have recently reported that 
aso dyes decrease plasma albumin and increase gamma 
globulin in rats. In addition, the carcinogenic activity 
of the drug can be correlated with the degree of change 
Induced in these plasma components. The non-azo dye, 


though its carcinogenic action is well known. Whether 
or not the drug would alter plasma protein levels when 
fed at different concentrations and for a longer time was 
considered of interest in elucidating this drug ’s actions, 
The azo dyes induce liver tumors and have a definite 
effect on nucleic acid content of this organ (&, 3, 6, 7). 
The non-azo dye 2AAF also causes formation of liver 
tumor^and increasos liver weight (£). We have extended 
these data to include estimations of liver water and pro¬ 
tein in an effort to correlate the liver agd plasma pro¬ 
teins, since the liver is a source of plasma albumin. 

Forty-day-old female rats were maintained on Purina 
fox chow to which 0.03% or 0.15% of fe-acetylaminoflu- 
orene was added. The diets were fed atj lib. for 100 
days, after which time the rats were bled by cardiac 
puncture under light ether anesthesia and the plasma was 
analyzed for nonprotein nitrogen, total plasma protein, 
and albumin and globulin concentrations by salt frac¬ 
tionation methods previously reported (£). The liver was 
dried to constant weight, ground to uniform consistency, 
and analyzed for total nitrogen. The nitrogen values 
were converted to protein by use of the factor 6.25, 
Body weight increase was recorded at weekly intervals 
and the control rats increased from 100 to 237 g in 100 
days. Body weight increase of rats fed 0.03% of 2AAF 
followed the controls for 11 weeks, starting at 302 g and 
increasing to 202 g, and then leveled off. The incorpo¬ 
ration of 0.15% 2AAF in the diet resulted in an average 


TABLE 1 

Plasma Protein Concentrations of Female Rats Fed 2-Acetvlaminofu7orene fob 100 Days 


Diet 

Nq. of rats 

Hematocrit % 

NPN In mg% 

total 

Plasma proteins In g%* 

albumin 

globulin 

Fax chow 

G 

40.4 i 1.2 

50 ± 3.0 

4.0010,11 

2.42 ± 0.06 

2.57 + 0.11 

Fox chow + 0,03% drug 

6 

42.4 ± 1.2 

51 ±2.4 

0.08 t 0.14 

2.62 + 0.07 

2,64 ± 0.18 

Fox Chow + 0.16% drug 

6 

40.4 ±1.1 

47 ±2.0 

4.64 1 0.00 

1.90 ± 0.13 

2.6610.18 

... JHZ' 



body 

weight change 

from 00 to 164 g. 

These rats 1 




weight at 6 weeks waa constant for a 2-week period, then 




TABLE 2 





Liver Protein or Female Rats Fm> 2 -Acbtylaminofluoeene foe 100 Days 


Diet 

No, of rats 

Wt 

In g 

H<0 %‘ 

Dry wt % 

Liver protein* 

Total g 

Totsl 

g/lOOg BW 

Fox chow 

6 

7.77 ± a4 

70,111.2 

06.410,8 

1.43 ± 0J t 

0.030 ±0.010 
(0.000-0.8*6) 

Pffx chow + 0.08% drug 

7 

8.08 ±*6.3 

70.8 ±0,8 

60.8 ±1,0 

1.4410.04 

0.7X0 i&OU 
(O.OOS.vO.TOt) 

Fox chow + 0.16% drug 

7 

7.8910.4 

70.8 ±02 

01.111,0 

1.8010.05 

0.808 a 0.024 
(0,700 - 0.08»> 


„ p- 

■/"VNUTTir 

2-acetylarainofiuoreno {2AAF), however, failed to alter 
plasma protein levels after a 6-week feeding period ab 

1 Supports i b part under a grant-in-aid from the Amerl- 
cam 'Cancer Society upon recommendation of the Committee 
on Growth of the National Research Council. 


it increased slowly for 4 weeks but leveled off Again, 
The results simulate those reported by Wilson *t <$)* 
Table 1 shows the hematocrit, plasma nonprotein nitro¬ 
gen, and plasma protein concentrations. Plasma albumin 
concentration was significantly subnormal in rats fed 
0*01:5% of 2AAF, but other analyses were unchanged, 
to determine whether liver site 0 * protein content was 
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altered in rate exhibiting subnormal plasma albumin lev- 
ala , these organa were analysed for total protein, and the 
data are presented in Table 2. It is apparent that liver 
size and water content were unchanged by the drug, and 
despite a slight decrease in percentage of protein the total 
protein content of the liver was normal. Since the ani¬ 
mals fed the drug lagged in growth rate the liver protein 
in relation to body weight was significantly increased and 
in proportion to the amount of drug fed. This is in ter - 
eating, in that the slower growth rate with reduced food 
intake would seem moro likely to be associated with a 
smaller liver. Reduction of food intake will rapidly de¬ 
crease liver size and protein level (4). 2-Aoetylamino- 
fiuorene can therefore significantly increase liver protein 
to body weight ratios without altering plasma protein 
concentrations, but a decrease in plasma albumin can be 
induced if drug concentration is high. 


thionine failed to liberate the amino acid for rapport of 
chick growth. They also found that autoclaving a soy¬ 
bean protein with glucose damaged the protein to the 
extent that supplementary methionine, lysine, and tryp¬ 
tophane failed to restore its nutritive value for chicks. 
These observations indicate that other amino acids, in 
addition to the three named, were destroyed or rendered 
unav aila ble. Evans and McGinnis (2) showed that cys¬ 
tine in soybean oil meal was destroyed during autoclav¬ 
ing. In contrast, the same autoclaving treatment failed 

TABLE f. 

COKBXLATION OF BSOWNINO, FLUORBSCBNCS, AMO AMINO 
NiraOOBN CHAMQB WITH OBSTRUCTION of Mkthiomins 
by Autoclaving with Glucoss 



Ffuorts- 

Brown eence equiv- 
eolor uleutH 


a-Amino 
nitrogen 
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Correlation of Browning, Fluorescence, and 
Amino Nitrogen Change with Destruction of 
Methionine by Autoclaving with Glucose 1 

W. D. Graham, 2 Pans Yung Hiu, and J»me« McGinni, 
DMtian of Poultry Hutbamdry, Waibiugtou Agricultural 
Experiment Station, Pullman 

The destruction of lysine by autoclaving in the pres¬ 
ence of glucose was demonstrated by Stevens and McGin¬ 
nis (2). These workers observed that the autoclaved 
mixture of glucose and lysine was dark brown in color. 
Patton and Hill (d) reported that tryptophane, in a bac¬ 
teriological culture medium containing glucose, was de¬ 
stroyed to a certain extent by autoclaving. This destruc¬ 
tion was not Observed when sucrose was substituted as a 
source of carbohydrate. Hsu, McGinnis, and Graham (4) 
found thtfc methionine was destroyed or rendered unavail¬ 
able to chicks by autoclaving in the presence of either 
glucose at lactose, and to a certain extent in the pres¬ 
ence of sucrose. In contrast, methionine was unaffected 
by heating in the presence of starch or dextrin. Acid 
hydrolysis of the autoclaved mixture of glucose and me- 

i puttUbed as Scientific Paper N6. 829, Washington Agrb 
cUlturalExperlment Station, Institute of Agricultural Scl- 
aaess, State College of Washington, Pullman. 

department of National Health and Pensions, 
.Uvhf >L ■ Ontario, Canada,'' 


6 ft 

•S 4> 3 

5 a 5 

a I 

a 

Dry wt of 
In mg 

mold 

§ 

t4 

35 

lit 

111 

jj a 

S “g 

gss 

afl 

6* * 

ala 

% of theoret¬ 
ical value 

0.1* 

11.1 

11.1 

11.31 

0 

0 

102.2 

0.2 

3 8.5 

18.5 

18.5 




0.4 

32.0 

84,4 

83.2 




0.6 

55.2 

53.2 

54.2 




0.8 

64.0 

G1.9 

03.4 




1.0 

69.7 

08.0 

69.8 




O.lt 

11.4 

11.2 

11.8 

5.6 

.966 

93.7 

0.2 

18.3 

18.8 

18.3 




0.4 

81.8 

84.0 

83.4 




0.6 

50.2 

02.4 

51.3 




0.8 

58.9 

62.9 

00.9 




1.0 

67.0 

08.1 

65.1 




0.1* 


8.5 

3.5 

180 

14.25 

15.1 

0,2 

8.8 

3.8 

3.8 




0.4 

5.8 

5.8 

5.8 




0.0 

6.7 

6.2 

6.5 




0.8 

8.2 

8.2 

8.2 




1.0 

9.5 

0.6 

9.6 





* Methionine autoclaved alone for 2 hr at 120* C* 
t Methionine (2 g) dissolved In 300 ml of 8% glucose solu¬ 
tion and autoclaved 2 hr at 120* C. 

t Methionine (2 g) mixed with glucose (8 g) and auto¬ 
claved 2 hr at 120* C. 

| Average of duplicates. 

to alter the methionine content. Patton, Hill, and Fore¬ 
man (7) reported that lysine, arginine, tryptophane, and 
histidine were destroyed when an intact soybean protein 
was refluxed in a 5% glucose solution for 24 hr. In view 
of the results reported by Hra, Graham, and McGinnis 
(5) showing that the concentration of amino acids or 
crude protein in an aqueous solution of glucose markedly 
influenced the amount of browning and destruction of 
amino acids, it should be pointed out that the concen¬ 
tration of protein used by Patton, HU1, and Foreman 
(7) was only 1%. 

Chen, Mcdler, and Harte (1) found that highly flu- 
oreecent substances were formed from certain amino 
adds when they were heated with Deaigfts reagent (para¬ 
formaldehyde and Sulfuric add). A similar observation 
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had previously been mode in this laboratory when glucose 
was used to furnish the aldehyde group instead of Dcni- 
g&s reagent. All of the amino adds tested (opproxi- 
matcly 15) formed fluorescing substances when mixed 
with glucose nud autoclaved at 125° C for 1 hr. 

The experiments described in this paper wctg con¬ 
ducted to determine whether a relationship exists between 
the degree of browning, the production of fluorescing 
substances, changes in amino nitrogen, and the ability of 
methionine autoclaved in the presence and absence of 
glucose to support growth of a methionineless mutant 
of Nevrospora crassa No.* 38700. 

The methionine used in these experiments was treated 
as indicated in footnotes to Table 1. These differently 
treated samples of methionine wore appropriately diluted 
for the determination of optical density or brown color 
concentration, fluorescence, amino nitrogen, and methi¬ 
onine content as evidenced by the ability of the material 
to support growth of Ncurospora crassa No. 38700/ The 
results obtained are summarized in Table 1. From these 

» Sample wore OUutvil In 0,1 m phonphate solution pH 4,8, 
IPluoreHeciice w:i* «l<*r<»rmlnod In the Colt*mnn rhotoflunrom- 
eter, uttlug H«* lb fllror. The Inutnimpiit wns ntnmlimllznl 
at 100 with qitlnliiu nulfnte solution (0,1 mg/1 0.1 N IlsSOt). 
Brown color was measured os optical density of the pitot*- 
phnte solution at II80 nm In the Colenmn rnlversal Spectro¬ 
photometer. Amlho nitrogen was determined by the method 
of Van Rlyke (it). The methionine assay was conducted as 
outlined by Horowitz (S). 


data, it is evident that brown color formation, fluores¬ 
cence, and decreased amino nitrogen are associated with 
destruction of methionine brought about by autoclaving 
in the presence of glucose, but in the absence of an ex¬ 
cessive amount of water. Under the experimental condi¬ 
tions in this laboratory, autoclaving methionine in an 8% 
solution of glucose failed to bring about any marked 
destruction- or changes in brown color, fluorescence, and 
amino Nitrogen. 

The data 'dearly show the important influence of water 
on the destruction of methionine autoclaved in the pres¬ 
ence of glucose, on the loss of amino nitrogen, and on 
the formation of-brown color and fluorescing substances. 
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Comments and Communications 


Characteristics of Some Disease-free 
Ornamental Plants 

Modern medicine has learned that people in good 
health are worth study. It may be hoped, then, that 
plant pathologists will learn to give special considera¬ 
tion to thosq plants which hare few diseases or pests. 
As a step in this direction, information hns been assem¬ 
bled in this paper regarding a considerable group of 
ornamental plants in which, in the eastern United States 
at least, no important diseases or pests we known. 

Dodge and Rickett Include in Diseases and pests of or¬ 
namental plants (1043) the names of approximately 75 
plants which are practically disease-free. This is almost 
unique in such a book. In the introduction, the scope 
and purpose of the authors are carefully defined. 1 ‘ We 
have tried to select those [diseases and pests] which 
have been most injurious in the eastern United States} 
most of *these are also the most troublesome in other 
parts of the country and of the world. . . , Our selection 
of cultivated plants Is based upon the 3,000 species and 
varieties grown at the New York Botanical Garden.” 
The book thus serves admirably as * check list of dis- 
•ases and insect pests of ornamental plants in the north¬ 
eastern United States; over 500 genera sw included. 


In studying 79 disease-free plants, answers to three 
questions were sought What are tlieir characteristics9 
Whnt, if any, characteristics do they have in common9 
Is it possible that these common characteristics have any 
bearing on their disease-free status in the eastern United 
States? (Much of the work of compiling the informa¬ 
tion on which this paper is based was done by members 
of a class in the epidemiology of plant diseases.) 

The plants are not taxonomieally related. They are 
scattered through 38 families; the largest number in 
any one family beihg nine in the Gompositae. They 
show diverse growth habits. There is one tree (Ginkgo), 
one woody vino (Wisteria), eight shrubs, and the rest 
are herbs. The plants which have no important diseases 
or inseet pests are predominantly seed propag&ted and 
are either annuals or very short-lived. Only fee is re¬ 
produced by bulbs, 17 are reproduced chiefly by divi¬ 
sion} the rest either may be, or must be, grown from 
seed. 

They are also predominantly of foreign origin. Only 
15 (20%) seem to he natives of the continental United 
States. Eurasia has furnished 33; others ooxne from 
Africa, Australia, South America, and various tropical 
localities. An introduced plant (all but 15 of these 75 
plants were introdueed into ibe United states) which has 
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been brought in as seed may well have left it* native 
parasites behind, to it* own great advantage. (Bailey, 
L. IL Trans, Ind. II art. Soc., 1802, p. 62, See also The 
survival of the unlike, 2nd Ed. New York: M&emillan, 
1897, p. 180. Steven*, N. E. J . Amer, Soc . ^ron. and 
several papers cited therein, 1948, 40, 841). Many of 
these plants linvo no near relatives in the region. Actu¬ 
ally more than half (43) of the gonera are not mentioned 
in standard floras of the northeastern United States as 
either nntivo or, established. Finally, all are of minor 
commercial importance. Many are actually rare: their 
names ore listed In catalogs of dealers in rare seeds. 
None of them is found growing in large acreages. In¬ 
deed, among them arc many plants used in rock gardens 
«nd borders. 

A study of those facts leads to the conclusion that 
many of those plants may well be escaping disease and 
insect pests because of the way in which they are now 
grown, rather than because they are actually immune 
or even resistant. The very fact that these plants are 
of minor commercial importance and are usually grown 
in very small groups is a great safeguard. A mutant 
strain of a fungus, for example, which was seriously 
pathogenic on a plant or clump of Anoda, an annual so 
rare as not to be mentioned in Bailey's Cyclopedia of 
horticulture, might well kill its available hosts, produce 
spores, and itself die out without any viable spores 
ever reaching another plant of Anoda. Nowhere would 
a new mutant fungus find large areas of any of these 
plants on which it might produce the abundant inoculum 
so essential to the initiation of a great epidemic. Many 
of these plants are further isolated because they are 
predominantly grown in cities. 

The circumstance that many of these plants have no 
near relatives among wild plants of the region affords 
further protection. It is undoubtedly true that some 
pathogens, particularly some viruses, and such fungi as 
Botrytis cinerea hove a wide range among unrelated 
green plants. It is also true that serious diseases or in¬ 
sect pests of cultivated plants are more likely to come 
from closely related plants. Slightly more than 100 
genera were reported as having no fungi of importance, 
and the average number of insects was less than one 
(0.4). On more than 100 genera only one fungus of im¬ 
portance was reported, and there was an average of less 
than one inject per genus (0.7). Almost 100 genera 
had two important fungus pathogens, and the average 
number of Insects was almost exactly one. In two 
groups ofVI4 genera, 8 and 4 fungi respectively were re¬ 
ported, while the average numbers of insects for these 
categories wore 1 and 2. On only 28 genera were there 
5 important fungus pnthogons reported and these had an 


This gives a correlation of 0.8-0.08. It seems probable 
that the same qualities in a host which favor parasitism 
by various fungi also favor parasitism by various insects. 

Since the number of insects jumped rather sharply in 
the group of hosts with 7 Important fungi, those plants 
which had 7 or more fungus pathogens with an average 
of 6 or more insect pests were classed together as a 
group in which pathogens might well be considered im¬ 
portant. Exactly 40 genera were found to belong in 
this class. 

In one respect only do the ornamental plants on which 
occur numerous pathogens resemble the disease-free group 
with which they are here being compared. These plants 
also are widely scattered t&xonomically. Twenty-eight 
plant families are represented; the largest number of 
genera in a single family being four each in the Ranun 
culaceae and Compositae. 

In this group also there is a diversity of growth 
habits, but with a decided difference in distribution. 
Nino genera, almost one-fourth, are trees as against one 
in the disease-free group. Shade trees are in general 
exposed to attacks of fungi and insects more than most 
ornamental plants, since they remain for many years in 
one place. Many are very large and receive only a 
minimum of protective treatments. Woody vines are 
represented by one genus or two closely related genera. 
Five genera are wholly or chiefly shrubis and the rest 
are herbs. 

Vegetative reproduction is relatively much more com¬ 
mon in this group. Of the 31 herbaceous genera, 7 are 
propagated by bulbs, and 8 more by rooted cuttings, 
division, or other vegetative means, the rest by Beeds. 

Again in contrast to the diseaae freo group, of which 
only 16 (20%) appear to be native to the continental 
United States, 24 or well over half of the genera with 
many diseases and pests, are native, and 5 more are well 
established in the area we are considering. The Im¬ 
ported plants come from Eurasia, the Orient, the Medi¬ 
terranean region, the tropics, and South Africa. 

The greatest contrast between these two groups, how¬ 
ever, is in the abundance—that is, number of individual 
plants—in most of the genera represented in this dis¬ 
ease-susceptible group. Such trees as elm and oak, for 
example, are among our commonest shade and forest 
trees. Greater abundance resulting from intensive cul¬ 
tivation is clearly indicated by the commercial impor¬ 
tance of many of the shrubby and herbaceous genera. 

Stated in another way the material summarized in this 
communication emphasizes the disease hazards resulting 
from growing perennial plants as compared to annuals, 
and from growing large concentrated masses of the same 
kind of plant—especially if vegetytively propagated. 
These hazards are of course characteristic of much of 


average of 3 insect pests. The 15 genera which had 6 
rimgi hnd an average of 3r5 insect pests. On the small 
groups bnviug fr 9 . 8, and 9 fungi, the average numbers 
insects found were&.O, 7.2, and 6.8 respectively. For 
to few genera of ornamental plants whieh had from 10 
te lO fmigii the number of insects ranged from flto IS. 


present day fruit culture and floriculture. In raising 
rare, imported plants, these hazards are avoided, espe¬ 
cially when plants are grown from seed. 

Nwl E* Smvwts 

Vmtmrsity of minds, Urban* 
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Association Affairs 


Headquarters hotel* for the U6th 
Meeting of the AAAS in New York 
City, December 26-31 are aa follow*: 

Statler: AAAS, Annual Science 
Exposition, Science Theatre, Visible 
Directory; Sections B, C, F, M, Nm, 
Nd, Np; zoological societies, vis., 
American Society of Parasitologists, 
American Society of Zoologists, So¬ 
ciety of Systematic Zoology, Ameri¬ 
can Society of Protosoologists; 
American Microscopical Society, 
American Society of Naturalists; 
American Institute of Electrical En¬ 
gineers, Instrument Society of Amer¬ 
ica, Technical Society Council of 
New York, Metropolitan Section of 
Mechanical Engineers; American 
Dietetic Association; Beta Beta 
Beta, Phi Lambda Upsilon, Sigma 
Delta Epsilon, and Sigma Xi, 

New Yorker: Sections E, H, I, L, 
Q; Geological Society of America, 
American Geographical Society of 
New York, Association of American 
Geographers; AAAS Cooperative 
Committee; the Science teaching so¬ 
cieties, vm> American Nature Study 
Society, National Association of Biol¬ 
ogy Teachers, National Science 
Teachers Association; Society for Re¬ 
search in Child Development; Ameri¬ 
can Sociological Society, Rural Socio¬ 
logical Society; Philosophy of Sci¬ 
ence Association, American Philo¬ 
sophical Association. 

MoAlpin: Sections G, O; the plant 
science societies, vis., American So¬ 
ciety of Plant Physiologists, Ameri¬ 
can Society of Plant Taxonomists, 
Botanical Society of America, My- 
cologleal Society of America, Torrey 
Botanical Club, American Fern So¬ 
ciety, American Bryological Society, 
Phycologieal Society of America. 

Martinique: American Phytopatho¬ 
logies Society. 

Governor Clinton: Sections A, D, 
K; American Mathematical Society, 
Institute of Mathematical Statistics, 
Mathematical Association Of Amer¬ 
ica; American Society of Limnology 
and Oceanography, Biometric So¬ 
ciety, Ecological Society Of America, 
Genetic* Society of America, Ameri- 
W Soekty oi Human Genetics, So 
■ «4#*y for the Study of Evolution; 


Academy of World Economics; Al¬ 
pha Epsilon Delta; Phi Kappa Phi; 
Pi Gamma Mu; Metric Association. 

Coupons for advance iCgistration 
and hotel reservations will be found 
on pages viii and ix, respectively, of 
this issue. 

Five AAAS-sponsored symposia 

are being planned. While others may 
be announced at a later date, those 
definitely scheduled aTe: 

Science in General Education (at 
all levels). Earl McGrath, Commis¬ 
sioner of Education of the IT. S. Of¬ 
fice of Education, Morris MeisteT, 
principal of the High School of Sci¬ 
ence, New York City, and Paul B. 
Sears, chairman of the Department 
of Botany, Oberlin College, will dis¬ 
cuss problems of science in general 
education, the importance of bio¬ 
logical sciences, and the understand¬ 
ing of science for all populations. 
General secretary Karl Latk-Horo- 
vits is in charge. 

The Improvement of Science 
Teaching on the College LeveL 
James B. Conant, president of Har¬ 
vard University, Alan Gregg, direc¬ 
tor of medical sciences of Rockefeller 
Foundation, W. F. Loehwing, head 
of the Department of Botany, State 
University of Iowa, and Fernandas 
Payne, dean of the Graduate School, 
Indiana University, will each present 
a different aspect. President Elvin 
C. Stakman is in charge. 

Both symposia will be held on 
Thursday afternoon, December 20, 
in the Sutler’s Grand Ballroom. 

The Present State of Physics (Sec¬ 
tion B). Four sessions will cover 
elementary particles, chemical phys¬ 
ics, physics of the solid state, and 
biophysics. The symposium is being 
arranged by F. St Brackett, chief, 
Low Energy Radiation Biology Sec* 
tion, Experimental Biology and Medi¬ 
cine Institute, National Institutes of 
Health, Bsthesda, Maryland. All 
sessions will be held in the Georgian 
Boom of the Hotel Sutler. Session 
1—Thursday afternoon, December 
29; Session 2-—Friday morning; Ses¬ 
sions B mi, 4, eonseectively—Friday 


afternoon, December 30. A sym¬ 
posium volume is contemplated. 

Steroid Hormones and Sex Dif¬ 
ferentiation in Vertebrates (Section 
F and American Society of Zoolo¬ 
gists). Several speakers will discuss 
this subject in the principal verte¬ 
brate classes. The symposium is 
being arranged by f Section F Secre¬ 
tary J. H. Bodine Of State Univer¬ 
sity of Iowa, and L, V. Domm, De¬ 
partment of Anatomy, University of 
Chicago. The session will be held in 
the Grand Ballroom of the Hotel 
Statler on Friday afternoon, Decem¬ 
ber 30. 

Botany in the Service of Mankind 
(Section G). Four members of this 
panel have already accepted. Frans 
Verdoorn, of Chronica Botanioa , will 
discuss * * International Organisa¬ 
tions and Activities,” Knowles A. 
Ryerson, dean of the College of Agri¬ 
culture of the University of Califor¬ 
nia, “ Botany and Point Four [of 
President Truman’s Inaugural ad¬ 
dress]/’ and S. T. Dana, dean of the 
School of Forestry and Conservation 
of the University of Michigan, “Bot¬ 
any in the Service of National and 
World Forestry”; Gove Hambidge, 
special assistant to the director, Food 
and Agriculture Organization of the 
United Nations, “Botany in the 
Service of National and World Agri¬ 
culture,” and a fifth speaker will 
take “Botany in the Service of Na¬ 
tional and World Health.” W. C. 
Steers, chairman of Section G, and 
chairman, Department of Botany, 
University of Michigan, will act as 
moderator. Section Secretary, Stan¬ 
ley A. Cain, Cranbrook Institute of 
Science, is arranging the program. 
The session will be held Thursday 
afternoon, December 29 in the Winter 
Garden of the Hotel Statler. 

An atomic energy demonstration 
and lecture by J. R. Dunning of 
Colombia University, sponsored by 
Sigma Xi, is scheduled for Monday 
evening, December 26, in the Grand 
Ballroom of the Hotel Statler. The 
Annual Address of this society will 
be g^ren Tuesday evening, Decent 
fes*2f. 



SCIENCE 


221 


August 26, 1949, VoL 110 


NEfVS 
and Notes 

A Presidential Commission on 
Science and National Security was 

recently proposed by the Federation 
of American Scientists in a letter 
cosigned by 145 prominent scientists 
and sent to the President July 8. 
Initial reaction from the White 
House indicates that even wider spon¬ 
sorship will be required if the pro¬ 
posal is to be given favorable con¬ 
sideration. The text of the letter 
is reproduced here: 

4 4 The current controversy over 
the Atomic. Energy Commission has 
once again focused attention on the 
problem of security in relation to 
scientific discovery. We are deeply 
disturbed by the misconceptions 
which have been voiced recently on 
this subject, and by some measures 
which have been proposed for the 
prevention of espionage directed at 
our atomic weapons. We fear that 
in the heat of controversy important 
values are being overlooked and may 
be carelessly sacrificed. 

“The dilemma of secrecy vs. long- 
range security has plagued us since 
the end of the war. The demonstra¬ 
tion of the potency of science as a 
military adjunct, so dramatically and 
horrifyingly driven home at Hiro¬ 
shima, has led to two almost univer¬ 
sally accepted conclusions—first, in¬ 
tensive cultivation of science is es¬ 
sential to national security j second, 
since scientific knowledge, of certain 
kinds and in certain circumstances, 
may have groat military significance 
there are advantages in withholding 
it from potential enemies. We are 
slowly becoming aware, as a nation, 
that ill-considered implementation of 
these two conclusions can lead to very 
serious conflicts. For the narrowest 
Interpretation of military security 
demands that we reveal nothing that 1 
might conceivably be useful to a 
potential enemy, and that the in¬ 
formation of possible military signif¬ 
icance available to any individual 
scientist be kept at a minimum* On 


the other hand, the experience of Sci¬ 
ence is that the withholding of 
knowledge, or the abridgment of 
freedom of thought, is a deadly con¬ 
tamination which very rapidly in¬ 
hibits research. How are we to 
reconcile these two apparently con¬ 
flicting requirements? How can we 
safeguard in existing knowledge what 
is essential to military security, with¬ 
out so debilitating science as to sac¬ 
rifice the hope of obtaining addi¬ 
tional knowledge? 

“You yourself, Mr. President, 
pointed out the importance of scien¬ 
tific progress to the national welfare, 
and the grave dnnger to science of 
the continuance of an atmosphere of 
suspicion and distrust. For five 
years we have been trying to bal¬ 
ance the legitimate security needs of 
the nation against the equally insis 
tent needs of free scientific inquiry. 
Largely this Ims been done by im¬ 
provisation in individual instances 
with little attempt to develop or fol¬ 
low- a comprehensive national policy. 
Security decisions have been left to 
individual government agencies, of¬ 
ten subject to various uninformed 
pressures. Without lxuiefit of full* 
discussion of the issues, public un¬ 
derstanding has remained at a low 
level and, in consequence, public 
opinion has drifted perilously cloRe 
to hysterical insistence upon secrecy 
at whatever cost. The situation has 
become so threatening, not only to 
scientific progress but to traditional 
American political freedom, that we 
feel that only through action on your 
part can the problem bo brought un¬ 
der control. 

“Therefore, we respectfully urge 
that you appoint, at your earliest 
convenience, a Special Commission on 
Science and National Security. We 
urge that this Commission be com¬ 
posed of foremost scientists and edu¬ 
cators, outstanding men of public 
affairs, and representatives of Con¬ 
gress, the National Military Estab¬ 
lishment, and other agencies of the 
Executive Branch. We urge that this 
Commission make n full investigation 
of the entire problem of security re¬ 
quirements in relation to the require¬ 
ments for maximum development of 
science. W© believe that the Com¬ 
mission should study,, among others, 
the following questions: 


1. What are the limits where exces¬ 
sive attempts at secrecy diminish 
instead of preserve our national 
security f 

2. What are the areas of science to 
which security measures can and 
should be applied? 

3. What classification procedures 
give maximum protection of in¬ 
formation of military value with 
minimum restriction of exchange 
of information of purely scien¬ 
tific value? 

4. To what extent, and under what 
conditions, should classified re¬ 
search be conducted outside of 
military laboratories? 

5. What types of clearance proced¬ 
ures are effective, and admissible 
with in the bou nds of scientific 
and democratic tradition, in mili¬ 
tary laboratories, in non-military 
governmental laboratories, in non¬ 
governmental laboratories? 

6. What would be the effect on the 
morale of scientists and on our 
total scientific program of apply¬ 
ing political tests for participa¬ 
tion in non-secrct scientific work 
through requirement of (1) oaths 
and affidavits, or (2) investiga¬ 
tion and clearance? 

7. What have been the effects of 
present security measures and 
procedures on our scientific re¬ 
search programs, particularly in 
government? 

“We believe that the Commission 
should study these matters, not only 
with the objective of reporting to 
you its conclusions and recommenda¬ 
tions, but with the thought as well 
of providing a factual background 
on security procedures now in use, 
specific studies of the effects and 
effectiveness of these procedures, 
ways in which similar problems are 
handled in other countries, etc. We 
have been too long security-con¬ 
scious with insufficient security edu¬ 
cation. 

“American scientists differ in no 
way from their fellow-eitixens in 
their desire to protect the best in¬ 
terests of their country. They seek 
no special dispensations or privileges. 
In opposing extreme advocates of 
military security they are really seek¬ 
ing not less security, but more. Our 
real strength lies not in the guarded 
knowledge of the moment, but in 
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our ability to keep in the forefront 
of advancing knowledge. We recog¬ 
nize that the inane of security vs. 
freedom of science is one of public 
policy and that opinions other than 
those of scientists must enter into 
its resolution. It is for this reason, 
and because we are convinced that 
the matter is of urgent important 
that we ask for the establishment 
now of a Special Presidential Com* 
mission of broad representation and 
scope.' ’ 

About People 

Hans Staub, professor of physics 
at Stanford University, has been ap¬ 
pointed professor of physics and di¬ 
rector of the Institute of Physics at 
the University of Zurich. I)r. Staub, 
a native of Switzerland, has been at 
Stanford since 1938. 

Robert C. Parkin, member of the 
staff of the Council on Medical Edu¬ 
cation of the American Medical As¬ 
sociation, has been appointed assis¬ 
tant professor of clinical medicine 
and coordinator of postgraduate 
medical education at the University 
of Wisconsin Medical School. 

W. D, Graham, assistant bio¬ 
chemist in the Division of Poultry 
Husbandry, Washington State tJol* 
lego Agricultural Experiment Sta¬ 
tion, has joined the staff of the De¬ 
partment of National Health and 
Pensions, Ottawa, where he will con¬ 
duct research in antibiotics. 

Leslie J. Todd, of the Department 
of Chemistry at the 'University of 
Indiana, has been appointed asso¬ 
ciate professor of chemistry at Kent 
State University, Kent, Ohio. 

Robert H. W. Strang, consulting 
oral surgeon and lecturer in ortho¬ 
dontia at Columbia and Temple Uni¬ 
versities, has been appointed director 
of the newly founded Foncs School 
of Dental Hygiene at the University 
of Bridgeport in Connecticut. The 
Connecticut State Dental Associa¬ 
tion recently gave Dr. Strang its 
Alfred C* Pones medal for his service 
to the dental profession/ 

Archie D. Hen, for several year® 
chief biologist of the Health and 
Safety Department of the Tennessee 


Valley Authority, and former direc¬ 
tor of Malaria Control Research, has 
accepted a commission as scientist in 
the Reserve Corps of the Public 
Health Service and has been assigned 
to the Technical Development Divi¬ 
sion of the Communicable Disease 
Center at Savannah, Georgia, as an 
assistant chief of the divisiA. 

A. P. Elkin, professor of anthro¬ 
pology at the University of Sydney, 
will conduct a review of accomplish¬ 
ments in social anthropology in Pa- 
pau and Melanesia for the South 
Pacific Commission. Dr, Elkin will 
make recommendations on what still 
needs to be done and assess priorities 
for further work in the field. 

Joseph P. LaRocca, pharmacist 
at the Naval Research Laboratory, 
Washington, has been appointed pro¬ 
fessor of pharmacy at the University 
of Georgia. 


Visitors to U. S. 

R, Navajas, entomologist of the 
Institute Biologico, Sdo Paulo, Bra¬ 
zil, recently visited entomologists and 
others in the SmithsonLan Institution 
and the Department of Agriculture. 

Walter A. Saborido, president of 
the Argentine Medical Association 
and professor of gynecology at the 
University of Buenos Aireg Medical 
School, recently visited the Univer¬ 
sity of Texas Medical Branch, Gal¬ 
veston, to confer with Willard Cooke, 
professor of obstetrics and gyne¬ 
cology, and W. W. Nowingki, asso¬ 
ciate professor of neurochemistry. 

Hilda Levi, of the Bohr Institute 
and the Zoophysiological Laboratory 
of the University of Copenhagen, is 
spending six weeks studying auto¬ 
radiography at the Department of 
Radiation Biology, University of 
Rochester School of Medicine and 
Dentistry. Dr.^ Levi's study is sup¬ 
ported by the* Danish* Rask-drsted 
Foundation and the Rockefeller 
Foundation. She plans to teach 
autoradiography in a course on iso¬ 
tope tracers this year at the Univer¬ 
sity of Copenhagen. 

Recent visitors who conferred with 
scientists at the National Bureau of 
Standards included: Domingo Al* 
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bano of tjhe Argentine Airlines; 
Palle Birkelund, assistant librarian, 
University Library, Copenhagen, 
Denmark; J. Cornelius, production 
superintendent, and A. R. Slotnan, 
research manager, Associated Pulp 
and Paper Mills, Ltd., Burnie, Tas¬ 
mania; C. C. Gotleib, of the Com¬ 
putation Centre, McLennan Labora¬ 
tory, University of Toronto, Canada; 
J. N. Mitchell, professor at the Uni¬ 
versity of Bristol, England; J. R. H. 
van Nouhuye, director of the Fibre 
Research Institute, T.N.Q., Delft, 
Holland; J. V. Rao, engineer at the 
Public Works Department, Madras, 
India; N. S. R. Sastry, member of 
the Reserve Bank of India, Bombay; 
and-John Shone, member of the 
London Blood Supply Depot, New 
Barrett, Herts, England. 

Grants and Awards 

The University of Illinois Col¬ 
lege of Medicine has received $15,- 
000 from the t\ 8. Public Health 
Service for a study of the offsets of 
the Ixstatron X rav beam on bone and 
cartilage. Research will be directed 
by Roger A. Harvey, of the Depart¬ 
ment of Radiology, and G. A. Ben¬ 
nett, of the Department of Pathol¬ 
ogy- 

Philip 8. Hunch and E. C. Kendall, 
of the Mayo Clinic, Rochester, Min¬ 
nesota, will receive jointly a Lasker 
Award for Administrative and Sci¬ 
entific Achievement in recognition 
of their recent studies in arthritis. 
The $1,000 award will be presented 
at the 77th Annual Meeting of the 
American Public Health Association 
in New York City on October 25. 

The Paid-Lewis Laboratories 
Award in Enzyme Chemistry will 
be presented to Henry A. Lardy, as¬ 
sociate professor of biochemistry at 
the University of Wisconsin, at the 
American Chemical Society *s Atlan¬ 
tic City meeting in September. Dr. 
Lardy is receiving the $1,000 award 
for his recent research on biotin. 
The society will also honor Agnes 
Fay Morgan, chairman of the De¬ 
partment of Home Economics at the 
University of California, who will 
receive the Francis P« Gsrvan 
Modal for her studies in nutrition 
■ and dietetics, ' 
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Meetings and Elections 

A Committee on Calorie Re- 
quirementt, called by the Nutrition 
Division of the Food and Agriculture 
Organization of the United Nations 
(director: W. B. Akroyd), will meet 
in Washington, D. 0., September 12. 
The committee will consider pro¬ 
posals of the secretariat and members 
aimed at defining scales of calorie 
allowances applicable to widely dif¬ 
ferent types of population and con¬ 
ditions. Members of the committeo 
are E. J. Bigwood, professor of bio¬ 
chemistry and nutrition, University 
of Brussels, Belgium; Ancel Keys, 
director, Laboratory of Physiological 
Hygiene, University of Minnesota; 
E. E. Johnson, until recently direc¬ 
tor, U. B. Army Medical Nutrition 
Laboratory, now professor of physi¬ 
ology, University of Illinois; Isa¬ 
bella Le,itch, director, Common wealth 
Bureau of Animal Nutrition, Rowett 
Research Institute, Bucks burn, Aber¬ 
deenshire, Beotiand; Josu4 de Cas¬ 
tro, director, Nutrition Institute, Bio 
de Janeiro, Brazil; Emile F. Ter- 
roine, .director of the National Cen¬ 
ter of Study and Research on Ali¬ 
mentation and Nutrition, Paris, 
France; Hsien Wu, professor of 
biochemistry, Berkeley, California; 
and A. <L van Veen, professor of 
biochemistry, Biochemical Labora¬ 
tory, Technische Hoogeschool, Delft, 
Holland. F. W. Clements, former 
director, Institute of Anatomy, Can¬ 
berra, Australia, now head Of the 
WHO Nutritiou Section, will also 
attend the meeting. Jean Mayor of 
the FAO Nutrition Division will act 
as technical secretary. 

A symposium on brucellosis will 
be held September 22-23 at the 
National Institutes of Health, 
Bethesda, Maryland. The veterinary, 
public health, clinical, bacteriologi¬ 
cal, and control aspects of the disease 
will be discussed. All sessions will 
meet in Wilson Hall, Administration 
Building. The symposium is being 
sponsored by the Bureau of Animal 
Industry, the National- Research 
Council, and the National Institutes 
Of Health (see Boienoe, July ft, p. 
56) . Inquiries should be addressed 
to Dr. James T. Culbertson, Execu¬ 
tive Secretary, Microbiology and Im- 


muniology Study Section, National 
Institutes of Health. 

The 1949 Conference on Instru¬ 
ments and Measurements and the 
International Instruments and 
Measurements Exhibition, spon¬ 
sored by the Royal Bwedish Academy 
on Engineering Sciences and the As¬ 
sociation of Technical Physicists of 
Sweden, will take place in Stockholm 
September 21-24 and September 22- 
October 2, respectively. The confer¬ 
ence has been arranged in four prin¬ 
cipal sessions: physical methods in 
chemical analysis and structure an¬ 
alysis; industrial control (methods) ; 
miscellaneous methods of measure¬ 
ments; and apparatus and instru¬ 
ments. Papers are invited and ab¬ 
stracts should be submitted before 
September 1 to Y. Axner, Secretary, 
Kungl. Tekniska Hbgskohin, Stock¬ 
holm 26, Sweden. Completed papers 
must be received by September 
Hotel reservations should lie made as 
soon as possible by letter to Hotcyll- 
byran, S:t Eriks-Miissan, Stockholm 
5. 

AEC News 

A three-man temporary Advisory 
committee has been set up to recom¬ 
mend ways to establish continuing 
cooperation between the electric 
power industry and the AEC. The 
committee plans to conduct a first¬ 
hand study of the commission's re¬ 
actor program with a view to identi¬ 
fying potential areas of mutual in¬ 
terest to the power industry and the 
commission and make recommenda¬ 
tions for bringing about a continu¬ 
ing program of cooperation in these 
areas. Committee members are 
Philip Sporn, president of the Ameri¬ 
can Gas and Electric Company, chair¬ 
man; Edward W, Morehouse, vice 
president of the General Public Utili¬ 
ties Corporation in New York; and 
Walton Seymour, director of the Di¬ 
vision of Power in the Secretary's 
Office, Department of the Interior. 
It is expected that the survey will be 
completed and recommendations sub¬ 
mitted by March 31, 1050. 

On August 2, the third anniversary 
of the distribution program of radio¬ 
active isotopes for Use as tracer 
atoms by U. 8. researchers, the Iso¬ 
topes Division announced that a 
total of 7,613 shipment* had been 


made, for use in science, agriculture, 
medicine, and industry. Of this 
total, 7,025 have gone to research 
laboratories and hospitals in the 
U. 8. Binoe September 1947, when 
foreign distribution was announced, 
588 shipments, mainly for use in 
medical and biological studies, have 
gone to researchers in Argentina, 
Australia, Belgium. Brazil, Canada, 
Colombia, Denmark, Finland, France, 
Iceland, Italy, Netherlands, New 
Zealand, Norway, Peru, Spain, Swe¬ 
den, Switzerland, Turkey, Union of 
South Africa, and the United King¬ 
dom. Countries which are qualified 
to receive shipments but have not 
yot instituted orders are Chile, Cuba, 
Guatemala, India, Ireland, Lebanon, 
Mexico, and Uruguay. 

In response to recommendations of 
its Industrial Advisory Group, the 
AEC is testing the possibility of se¬ 
lecting, screening, and declassifying 
information useful to industry with¬ 
out revealing its specific relevance to 
the atomic energy program. An ad¬ 
visory committee, representing pro¬ 
fessional societies and the business 
press, has been appointed and it in 
turn will recommend members for a 
small group of w orkers in the flold of 
metallurgy who, after being cleared, 
will examine metallurgical informa¬ 
tion which may be dclassifiable. 
This group will make recommenda¬ 
tions of information that might be 
particularly useful to American in¬ 
dustry and any of this information 
the AEC may declassify will be made 
available for publication to estab¬ 
lished metallurgical journals. If the 
metallurgy program proves effective 
the procedure may las extended to 
other fields of technology. 

Oak Ridge National Laboratory 

has developed a relatively inexpen¬ 
sive radioantimony-beryllium neutron 
source which is now available for 
U. 8. distribution as allocated 
through the AEC Isotopes Division, 

The sources use a core of 32 grams 
of antimony metal surrounded by bi 
A -in.-thick beryllium metal cup, 
the assembly being enclosed in an 
aluminum jacket. The entire unit is 
placed in the pile and the antimony 
activated to the desired level. It 
has been found that the saturated 
source will emit a total of about' ft 
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million neutrons per second, A cus¬ 
tomer will have to make arrange¬ 
ments beforehand to provide a suit¬ 
able storage space for the source; a 
Jead pig With walls 4 in. thick would 
probably be sufficient. 

Deaths 

Neil E. Stevens, 62, professor of 
botany of the University of Illinois, 
died June 26 at his home in TJrbana. 
i>r. Stevens was an authority on 
diseases of small fruits and the dis¬ 
tribution of plant diseases, and con¬ 
tributed the comment on disease-free 
ornamental plants on page 218 of 
tliis issue. 

Andrey Avinoff, 65, Russian-born 
entomologist, died July 16 in Doctors 
Hospital, New York City. Before he 
left Russia, Dr. Avinoff had made a 
collection of 80,000 butterflies, which 
are now in the Leningrad Zoological 
Museum. He served as director of 
the Carnegie Museum in Pittsburgh 
from 1026 to 1945, when he retired 
fl# director emeritus. 

Roland G. D. Richardson, 71, 

mathematician aud dean emeritus of 
the Brown University Graduate 
School, died at his home in Nova Sco¬ 
tia ou July 17. Dr, Richardson re¬ 
tired in 1948 after 41 years at Brown. 
He was secretary of the International 
Congress of Mathematicians, which 
will hold its first, session in this coun¬ 
try next year. 

Pedro N. Ortiz, 62, died August 
A at Mount Sinai Hospital, New 
York City, where he had been senior 
assistant clinician and advisor on 
tropical diseases for 12 years. Dr. 
Ortiz was former Commissioner of 
Health of Puerto Rico and during his 
administration established a Bureau 
of Uncinariasis to carry on the work 
of prevention and treatment of hook¬ 
worm begun by Bailey K. Ashford 
of the V. 8. Army Medical Corps. 

Jo«4 Kabigting „ Santo*, 60, re¬ 
tired professor of botany, University 
of the Philippines, died August 6, at 
the Quezon Institute, Quezon City, 
Philippines; following a long illness. 
Dr. Santos was ono of the pioneer* 
in investigating sox inheritance in 
-■ plant*, ■> He" was the first president of 
ihc Philippifte Srieirti^ 


Recently Received— 

International Conference on the 
Physics of Metals. (Sponsored by 
the International Union of Pure 
and Applied Physics and Nether¬ 
lands Physical Society. Held in 
Amsterdam, 12-17 July* 1948.) 
Published by Murtinua Nijhoff, 
The Hague, Netherlands. 

Problems of Early Infancy: Trans¬ 
actions of the Second Conference, 
March 1-2, 1948, New York City, 
Milton J. E. Seun, (od,). Avail¬ 
able from the Josiali Macy, Jr. 
Foundation, 565 Park Avenue, 
New York 21, N. Y. at 41.00, 

Speciation in Salamanders of the 
Plethodontid Genus EnSatina by 
Robert C. Stebbins. (Univ. Cali¬ 
fornia Pubis, in Zoology, Vol. 48, 
No. 6.) University of California 
Press, Berkeley and Los Angeles, 
California. 42,50, 

Culturnl Relations between the 
United States and the Soviet 
Union: Efforts to Establish Cul¬ 
tural-Scientific Exchange Blocked 
by U.S.S.R. (Dept, of State publ. 
3480.) Supt. of Documents, U. 8. 
Govt, Prntng. Office, Washington 
25, D. C. Price 10*. 

Law and Government of the Grand 
River Iroquois by John Noon, 
(Publ. 12.) The Viking 'Fund, 
Inc., 14 East 71st Street, New 
York 21, N. Y. 42.00. 

Fatty Acid Antibacterials from 
Plants by H. A. Spochr et al. 
(Publ. 586.) Carnegie Institution 
of Washington, Washington 5, 
D. C. 50 cents paper, 75 cent# 
cloth. 


The Sixth Semiannual Report of 
the U. S. Atomic Energy Commis¬ 
sion, submitted to Congress July 30, 
is a 203-page summary of the ma jor 
developments in all phases of the 
AEC program, Weapons continue 
to be the central project, and increas¬ 
ing attention is being given to real¬ 
tor development. But reports on 
programs in biology and medicine 
are broader than the others Iwcause 
much of the information in those 
fields is unrestricted. There are, for 
example, sections on acute radiation 
illness and burns, radiation and 
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heredity, medical effects of the ex¬ 
plosions over Hiroshima and Naga¬ 
saki, radioactive wastes, cancer re¬ 
search, and radiation and agriculture. 
The report is available under the 
title Atomic energy and the life 
aoiencesi from the Government Print¬ 
ing Office for 45 cents. 

The Health and Safety Division 
of the U. S. Bureau of Mines has 

established a roof control section in 
an effort to overcome /the hazards of 
falling rock and coal, which kill six 
times as many miners as explosions 
do. Headed by Edward M. Thomas, 
mining engineer, the new section wilt 
• also study the adaptation of suspen¬ 
sion* roof support to more general 
use in mining and will provide con¬ 
sultation services to mine operators. 

The Royal Society Scientific Con¬ 
ference: Report and Paper a Sub¬ 
mitted i PB 98072, a 723-pago review 
of the problems involved in the pub¬ 
lication of research, is available at 
$6.00. Sect ions of the report are 
devoted to publication and distri¬ 
bution of reports of original work; 
abstracting services; indexing and* 
other library functions; and the 
preparation of reviews, annual re¬ 
ports, and related documents.^ A 
Li at of Periodicola and BuJf&tina 
Containing Abatrecta Publiahod in 
Croat Britain , PB 98072-8, has also 
been prepared by the society's Ab¬ 
stracting .Services Consultative Com¬ 
mittee, and is available &t 80 cents. 
Both reports may be obtained from 
the Office of Technical Services, U. 
8. Department of Commerce, Wash¬ 
ington 25, D. C. Checks should bo 
made payable to tho Treasurer of 
the United States. 

Make Plans for— 

Meteorhical Society, 12th annual 
meeting, September 6-7, University 
of Southern California, Los Angeles. 

American Congress of Physical 
Medicine* September 6-10, Nether¬ 
lands Plaza Hotel, Cincinnati, Ohio. 

American Physiological Society, 
fall meeting, September 14-17, 
Sheraton Bdn Air Hotel 'and.; School 
of Medline, University of Georgia, 
.. Augusta, 
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The Maximum Efficiency of Photosynthesis: 

A Rediscovery 

Dean Burk, Sterling Hendricks, Mitchell Korzcnovsky, Victor Schocken, 
and Otto Warburg 

National Cancer Institute, National Institutes of Health, V , S. Public Health Service, 
Betbesda, Maryland; Plant Industry Station, U. 5. Department of Agrictdture, 
BeltsvUle , Maryland; and Marine Biological Laboratory, Woods Hole, Massachusetts 1 


I T WAS REPORTED in 1923 ( 4 ) that in photo¬ 
synthesis 4 light quanta, absorbed by chloro¬ 
phyll in green cells, can prodace one molecule 
of oxygen under favorable conditions. This 
means that with red light about 65 percent of the 
absorbed radiant energy can be transformed into 
chemical energy. Quanta of red light are of low 
energy (^44,000 cal/mole) and several such quanta 
must therefore cooperate to develop one molecule of 
oxygen, which requires ~~ 112,000 cal/mole. Xo anal¬ 
ogy is known in the nonliving worll, where most 
photochemical renet ions, although simpler and effected 
by quanta of higher energy, are for less efficient in 
energy tin ns fori nation, and are indeed usually exo¬ 
thermic. It became clear that An unknown principle, 
active in nature, awaited elucidation by physics and 
chemistry. 

It is well known how the anticipated study of this 
new principle was interrupted about 1938, when al¬ 
most every investigator in (be field came to accept as 
the maximum efficiency of the energy transformation 
low values of 20 to 25 percent, that is to say, quantum 
values of 10 to 12 with red light The development 
of this revocation has been extensively summarized in 
a book just published in the last few months by James 
Franck and Walter Loomis (1) and contributed to by 
a series of investigators. 

We have reinvestigated the problem and have re- 
1 We wJnIi to acknowledge the facilities and laboratory ac- 

comm<xlntlm»N for mtoairh and ilenioaHtrattoti* proVltbul at 
the Marine IllitlritrlrH | ha burn tnry by PiwfeeanV H. ft. Gintwaa- 
Barrofl ami by f>r. rhurlew Packard, Plrcctor. Valuable a III 
In these lavrat tortious was provided by Mrs. T*ols U* Macrl, 
Mrs* data !*\ fttalih, and C K. NeWbmiser. Tbe eiiHitre of 
Chtorrtin pyr* huMum was obtained from r. P. R, AUlson of 
tbs Plant ItHluotirp Station, O. ft. J*iwrtim»trt of A*rle»|. 
tors, Jbdtsvruo. Maryland. We wish to tliaiik K Mactototi 
and ton. ici-ir. Vtirfc- ■ agwWat facfWatHm of provtsbm 
SSC iikh tkse Amertcon ttistmuwiit 

<M*p*nj* t #1W ftprlng. M rylnorf, fee fbe specialty adrtpted 

tbeemOTtot Hntt shslUng moehanlstn employed. 


discovered the high efficiency of energy transformation 
in photosynthesis. The data obtained are conclusive. 

In the course of this reinvestigation the methods 
have been simplified and improved in such a way that 
determinations of quantum requirements are no longer 
tiie privilege of the few. On the contrary, anyone 
who has a suitable light source and simple manometrii* 
equipment can now determine quantum requirements 
and convince himself that in green ©die the greater 
part of the absorbed light energy can be transformed 
into chemical energy (see Addendum), 

Improvements in Technique 

Culture of ceile. A strain of Chlorella pyrenoidom, 
used in various institutes for many yoars and origi¬ 
nally isolated and identified by Florence Meier, of the 
Smitlisoniun Institution, was cultivated in 300-ml gas 
wash bottles of the Drexel type. The culture medium 
ww 5 g MgS0 4 • 7 11*0, 2.5 g KXO :l , 2.5 g KH*P0 4 , 
2 g XaCl, and 5 mg FeS0 4 ■ 7Il a O, dissolved in 1000 
cm 8 of nonsterilized well water (pll 4.5 to 5.0). Ap¬ 
proximately 100 mm* of cells suspended in 200 cm* 
culture medium was added to each bolile, and aerated 
with 5 percent CO* in air so rapidly (-* 500 uil/inin) 
that no sedimentation of the cells occurred. They were 
illuminated with a 100-w incandescent lamp that 
raised the temperature in the bottles to 25-30° C. 
After several days, when the cells had multiplied Sev¬ 
ern J fold, and the pll had risen 0,5 to 1 unit, the cul¬ 
tures were used for yield experiments. Such cells 
gave stable respiration values and high yields without 
exception* This culture method, which hod been em¬ 
ployed by one of us (DJL) for many years in Wash¬ 
ington, was found to be an important improvement 
over the method of 1023 (4) followed by most later 
investigators but which we have now discarded# In 
tbe onrlier method, §lowly aerated cells settled down 
in JSrlcmneyer flasks m sediments that were inade- 
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qnately illuminated and inadequately supplied with 
carbon dioxide and oxygen until reshaken up. 

Manometry. Approximately 300 mm 5 of cells, re¬ 
suspended in 7 cm 3 of a fresh culture medium of pH 
4.9, were put into rectangular vessela of 14 to 20 cm 8 
volume and saturated with 5 percent CO fi in air. Two 
vessels were used to determine, as described in 1924 
( 3) t the oxygen as well as the carbon dioxide ex¬ 
change. The gas volumes in the two vessels were dif¬ 
ferent, but the volumes of the solutions and therefore 
the concentrations of the colls were equal. The vessels 
were shaken at 20° C by horizontal motion, with an 
amplitude of 2 cm and a frequency of 150 per min. In 
spite of this rapid motion, which moved the vessels 600 
cm per minute, no'splashing or foaming occurred, even 
in experiments of more than 20 hr duration. It was a 
further improvement owing to this motion that phys¬ 
ical transition effects were not observed upon change 
from dark to light and vice versa, that is, the gas 
equilibration was virtually perfect for our purposes. 

The well known requirement of the two-vessel 
method, that the metabolism in the two vessels must 
be identical (r 0e = x' ^ and x 002 = a'oo 2 ) was complied 
with by eliminating a dangerous differential time 
factor as nearly as possible. The light beam of meas¬ 
ured intensity (630 to 660 m|x) wus shifted by a 
mirror alternately from one vessel to the other at 
intervals of 10-60 min or these vessels were shifted 
alternately into and out of the fixed light beam. 
Thus in every ease the one vessel was illuminated 
when the other vessel was dark and vice versa, and 
when many light and dark periods followed each 
other and the pressure changes of all dark periods 
and of all light periods were summed, the metabolism 
in the two vessels was virtually identical for the same 
periods of elapsed time. The total pressure changes 
effected by light were usually of the order of magni¬ 
tude of + 20 to + 50 ram. These figures were differ¬ 
ences between two rates of oxygen consumption 
(negative pressure changes) in the experiments with 
noncompensated respiration. But when the respira¬ 
tion was compensated by white light (see following 
section) the figures +20 to +50 mm were the directly 
observed positive pressure changes, produced by the 
added red light. To measure such great pressure 
changes, simple Haldane-Bareroft blood-gas manome¬ 
ters could be used instead of the special differential 
manometer heretofore employed. 

Measurement of the quantum intensity. The bolom¬ 
eter used in 1923 was replaced by the chemical aeti- 
uometer described a few months ago (£). This 
resulted not only in a simplification but in an im¬ 
provement in accuracy. When the oxygen produced 


by the red light had Jmen measured, the vessel con¬ 
taining the cells was replaced by a similar vessel con¬ 
taining 2 mg of ethyl chlorophyllide, 200 mg of thi¬ 
ourea and 7 cm 8 of pyridine, with tank oxygen as the 
ges phase. The light absorption being complete in the 
cell suspension as well as in the ethylehloropfayllide 
solutiotf, the quantum requirement per molecule oxy¬ 
gen was obtained by the very simple equation: 

1 h ‘ v O g consumed by the aotinometer 

0 “ O a " O a produced by the cells J 

where the consumption and the production of the 
oxygen must he calculated for equal time periods. 

Complete absorption is the only method so far de¬ 
vised by which the absorption of the light and the 
action of the light can be measured manometrically 
under the same conditions. Thus far all manometric 
determinations of quantum requirements using incom¬ 
plete absorption are contradictory and uncertain. On 
the other hand, the main objection against the method 
of complete absorption was the existence of too great 
a respiration relative to the measured light action; this 
objection is no longer valid because today respiration 
can be eliminated by compensating with white light or 
components thereof (see the following sectian). 

A Xkw Principle 

Let us consider a Chlorella suspension, shaken in a 
beam of red light that is absorbed completely, to be 
a machine that transforms light energy into chemical 
energy. The efficiency of this machine will be known 
if we know the light energy entering the vessel and 
the amount of oxygen developed in it, one mole of 
oxygen being equivalent to the production of about 
112,000 cal. No theory of the mechanism of this 
energy transformation cun alter the observed result 
of such an efficiency determination. 

Yet there are possible objections to be answered. 
When at low light intensities respiration still exceeds 
photosynthesis, then our machine does not produce a 
net gain of chemical energy, and it might be consid¬ 
ered that the light merely inhibits the lose of chemical 
energy. Since respiration is a catalytic process, con¬ 
ceivably its inhibition by light could be merely anti- 
catalytic, requiring no expenditure of energy. Hence 
the calculation of the efficiency might be safe thermo¬ 
dynamically only when the light intensities are wf high 
that oxygen is in fact given off from the cell suspen¬ 
sions into the gas space. 

To comply with this requirement we illuminated the 
cell suspensions with white light (of nonmeasored in¬ 
tensity) over the greater part of the vwd «ur& 
the light intensity per unit area being relatively small, 
but theinfthx of light tlnwi|)ffi the total area 
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of the vessel being sufficient to compensate or over¬ 
compensate the respiration of the cell suspensions. As 
the compensating light intensity we dcline here that 
light intensity which effects the result that no oxygen 
enters or leaves the cell suspension. It is very l.kely 
that in this state the oxygen exchange of alt cells in 
the suspension is zero, owing to the rapid motion of 
the cells. It is obvious that our compensating light 
intensity varies with the amount of cells in the vessel 
and is not to be coufused with the compensating light 
intensity for very thin cell suspensions. 

When the steady state in the white light was 
reached, u beam of red light of measured intensity was 
sent through the bottom of the vessel into the cell sus¬ 
pension, the cross section of the beam being 3 cm 3 and 
the total energy dux about 0J25 nucroeinsteins/uun. 
It was completely ubsorbed in the cell suspension. 
The increase of positive pressure effected by the red 
light and the intensity of the red light were the two 
magnitudes from which the efficiency of the energy 
transformation of the added red light was calculated. 
The efficiency so found with red light proved to be as 
high, at and several fold ubove the compensation point 
with white light, as the efficiency at zero or low white 
light intensities below tbe compensation point (3 to 5 
quanta per O a molecule developed; see Examples 1~5). 

This result raised the whole level of certainty in this 
Held of investigation, and is probably owing in large 
part to the rapid motion of a great amount of cells. 
The time of illumination with red light of relatively 
high intensity must be so short for every cell that no 
Blackman or other dark reaction limits the action of 
the light; in other words the product of light intensity 
and time (ixi) must be too small to alter the con¬ 
centrations of durk reactions. Tbe observed efficiency 
is, of course, a fact that is independent of all theories 
about what happens in the cell suspensions, chemically 
or physically. 

Another factor that might limit the certainty of ef¬ 
ficiency determination* is time of illumination. The 
shorter the time periods, the greater is the danger that 
the energy of some dark reaction contributes to the 
oxygen production. The longer the time periods, the 
more certain are we that we have reached the thermo¬ 
dynamically desirable state in which the concentra¬ 
tions of all cell constituents are kept constant. 

From 10 min in 1923 (4) and 15 min in 1948 (5) we 
have now extended the time periods to more than 20 
hr of continuous illumination with white light, produc¬ 
ing continuous positive pressure, and have varied the 
periods of the efficiency determinations with added red 
Kght from 6 to d0 min. This great improvement was 
possible because the horizontal motion of the reetan- 
vessels did not damage the photosynthetic ca¬ 


pacity of the eells and because the white light, when 
it overcompensated respiration, stabilised the chemical 
conditions in the cells. In fact, the efficiency of the 
energy transformation has now been measured under 
the conditions of growth, so that very likely the ex¬ 
periments can be extended to any length of time. 

Non action ok Light on Respiration 

If the manometrie efficiency of the red light is the 
same when the respiration of the cell suspensions is 
noncompensated, compensated, or several fold over¬ 
compensated by added unmeasured white light, then 
obviously every theory ahouldbc rejected that assumes 
that light acts on the process of respiration antienta- 
lytically or stoichioinctrically. This conclusion has 
now been confirmed independently by the following 
type of experimentation: 

A rectangular vessel was set up to oontain NaOH 
and glasB beads in two side arms, 300 min'* of cells in 
7 ml of culture medium (pH 4.5-5) in the main com¬ 
partment, and air in the gas phase. The vessel was 
shaken at 20° C slowly or rapidly, and in the dark or 
in the light. By changing the rate of shaking the 
steady-state pressures of CO* in liquid and gas phases 
were changed, but in the dark this had no effect on 
the observed rate of respiration. In the light, the rate 
of oxygen consumption decreased in the slowly shaken 
vessel; but in the rapidly shaken vessel, where the 
steady-state pressure of CO a was lower, no action of 
Ught on the rate of oxygen consumption was observed 
when the intensity of the light entering the vessel was 
about 0.25 microeinsteins/min, an intensity that with 
adequately high C0 2 pressures gave high photosyn¬ 
thetic efficiencies (3 to 5 quanta per molecule of O, 
developed). The shaking effect was reversible, the ac¬ 
tion of the light alternately appearing or disappearing 
with decreasing or increasing shaking rate. 

The experiments may be extended to higher light 
intensities, but the higher the light intensity the more 
effective must be the removal of the carbon dioxide, 
for which the light and the alkali compete. The CO, 
pressure required to yield maximum respiration is 
clearly below that needed for effective photosynthesis, 
where CO, functions as substrate and not merely oata- 
lytically. 

Such experiments prove that the Ught did not in¬ 
terfere with the process of respiration, either anticata- 
lytioally or stoichiometrieally by reduction of inter¬ 
mediates. Light, when it compensated respiration, did 
so by producing oxygen, and because the gas exchange 
of photosynthesis happens to be the reverse of the 
gas exchange of respiration. Thus a question, old as 
the science of photosynthesis, has been answered by 
the most simple of experiments. 
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Examples 

3. Manometric procure changes effected by red light when 
respiration was hot compensated by white light. Two- 
vessel method, culture medium pH 5, 0% CO» In air. 
30* C. 


Vessel I v » 13.018, Vf - 7.00 

Vessel II v' - 17.098, v'r ■ T.00 
Actlnometer 6.4 mm* Ot/mln 


Vessel I 

10 min dark -26 mm 

44 44 “ - 23 44 

m ** ** - 23 44 

. - 23 44 

Vessel II 

10 min dark * 12 mm 

.. -10 41 

“ 14 14 -11 44 
. .. 44 

40 min dark -05 mm 

40 min dark -44 mm 

10 min light -37 mm 

*. -15 “ 

“ 44 44 *14 ( 44 

44 m •• ^ 13 “ 

10 inln light - 7 mm 

. . - 7 “ 

4 . 7 44 

44 44 44 — 7 44 

40 min light * 01 mm 

40 mitt light - 28 mm 

- - - __ -f 

bight action +34 mm 

Light action +16 mm 


9 0 In 40 min + 51.0 turn* qq 4 

<p co ^ In 40 min - 53.7 nun* 7 * *oT 


1 hv 4ft • 5.4 

*5 * O* " ' 31.0 


IMS 


Z. Manoraetric pressure changes effected by red light at 
30* C, when respiration was q ve room pen«u ted by white 
light. pH 5.O. 5% CO* lu nlr. Actluoineter for red light 
5.4 mm* Ot/mln. 


Vessel 

1 v =* 

13.013, 

Vf = 

7.00 

Vessel 

11 v'» 17.003, v't *» 7.00 





Vessel I 


5 min 

white +18.5 

mm 

5 min 

white + red + 22 uun 

" 14 

41 

+ 18.0 

44 

f« «• 

44 44 4 22.5 14 

*4 

if 

+16,5 

*• 

44 44 

“ “ + 22 44 

** 41 

si 

+ 17.5 

i« 

44 41 

44 44 + 20.5 44 

“ >• 

** 

+ 17.0 

44 

it *• 

44 4 ‘ +23.0 44 

25 min 

white + 87.5 

mm. 

23 min 

white + red + 11Q mm. 


Action of red light + 22,5 imn in 25 min. 





Vessel II 



5 min 

white +14 mm 

5 min 

white + red 

+ 15 inm 

tt vi 

M 

+ 14 

i« «t 

44 M 

+ 10.S “ 


it 

+12.5 44 

tt ii 

ii 4* 

+ 16.3. 44 

II «« 


+14.0 44 

tl it 

tt t. 

+14.0 “ 

>• M 

II 

+ 11.3 41 

It t, 

ft « 

+13.0 14 



+ 12.0 “ 

It ft 


+ 14.5 44 

K) min white + 78 min. 

80 min 

white + red + 01.5 mm. 


Action of red light + 13.5 mm In 30 min. 


* 0 " lit 25 ntln + 80.3 mm* 




»cti t In "20 nUn - 3T.S mm* . 

1 _ Av_9B-5.4 . . 

Por the same culture, when fhe respiration was apt com- 
pensated by white light, we obtained 

1 *v 00 5.4 . _ 

’WT—.M 

co« 


httd y " 


-o.a 


3. Mnnometrlc vessels continuously illuminated for 27 hr 
by white light of approximately eom|reftsrttttig Intensity. 

jj“. fbr the added red light, at the beginning and end 
of the experiment. 

In hours 1 to 4, respiration 
compensated, * * 4.5 (y » - 1.0) 

'•r 0 

In hours 20 to 22, respiration 

* I 

compensated, ~ * 4.5 (y » - 1.0) 

0 

In hours 27 to 28, respiration 

not compensated, 4 * .1.6 (7 **1.27) 

<P 

4. Compnrlsou of same culture In M/10 carboAmtc buffer (pH 
0) uinl In culture medium (pH 5).* 

Ued light. 030-000 mg. I ~ 0.25 mlcroelnstelus/mln 20* C. 
1 hr 

Quantum requirement - *^lor Ihe added red light. 

I11 curlKinnte buffer, respiration com¬ 
pensated by white light, 

v 

In culture medium, respiration com¬ 
pensated by white light, S.B (7 = - 1.04) 
la curlmnuts buffer, respiration not 

compensated * 9.8 

0 

In culture medfttm, respiration not 

compensated — “i.® (7 * t.18) 

0 

In carbonate buffer, respiration not 

compensated ~ = 

0 

• It may be gathered from this example that the efficiency 
In the iMitiiiftirul carhouate buffer Is only a fraction of the 
efficiency In culture medium. Many InvesiltfHlnrg believed 
thill the efficiencies In both solutions were equal, and this 
was one of the reasons why the quantum requirement of 4 
was denied .by them and the figure* 10 to 12 accepted an 
maximal. 

5. It emit* by 2-re*sel method for ft series of experiments 
that were carried out from May 20 to .lime Hi of this yeaf* 
n( mo* C. In culture medium at pll 5, with nu Intensity 
of nil llulit nut exceeding 0.23 luluroelustelus/ndn. No ex¬ 
periment Is omitted. 


1 

0 


fhv] 

fCOsI 

[oil 

Li>rJ 

8.2 

-1.08 

4.6 

-0.80 

4.3 

- 0,00* 

3.0 

- 1.04 

8.6 

-1.18 

4+2 

-0J»7 

2.8 

-1,16 

2.8 

-148 

3.5 

- 1.25 

4.6 

-l.OOf 

4+7 

- O.OSf 

8.5 

-1.27 

4.2 

-1.00 

8.0 

-1+88 


Average --- 9.7 *1.09 

* Respiration omosmpensatad by white light froflp Above, 
t Respiration compensated by Whits light from Above. 
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It may be gathered from Example 5 that the quan¬ 
tum requirement for carbon dioxide consumed can be 
equal to or somewhat greater or smaller than the re¬ 
quirement for oxygen produced. For we have 
1 1 hy O a hv 

<i> y 6, CO £ C0 2 i 

a magnitude which here for the first time, to our 
knowledge, has been determined in nutrient medium 
«t low pH (about 5), and has been found to approxi- 

/iV 

mate jr~ = 3 to 5. 

Yet the quantum requirement for oxygen is the more 
fundamental energy measure, because there is only one 
reaction in photosynthesis that produces oxygen—the 
photochemicul reaction (decomposition of water); but 
there are many different dark reactions that consume 
carbon dioxide to form a great variety of products. 
Thus if, as au extreme ease, oxalic acid were formed 
from water and curbon dioxide y for this compound 
would be -4 and the quantum requirement for carbon 
dioxide would be only one-fourth of the requirement 
for oxygen. 

Conclusion 

It follows from the data obtained 1 2 that in the spec¬ 
tral region G30 to 600 rnp no more than 4 quanta are 
required to produce one molecule of oxygen gas. A 
requirement of 3 quanta is open to serious considera¬ 
tion, although thus far the average value in our ex¬ 
periments lins been nearer 4 than 3. 

A quantum requirement of 4 means that the effi¬ 
ciency of the energy transformation in our experi- 

l Itpporf*»il in emitor oxpnrlmoiitnl rtPtiill In Blochtm. et 
ttiophtfr. Artu, Octolwr 1040 (Meye rim f-Festschrift volume) ; 
Arch. iUorhcm. t September 1049 \ find nt meeting of Society 
of General Physiology, Woods Hole, Massachusetts, June 
104ft. 


> 112,000 x 100 _ 

menU was approximately " 4 ^44 flog" ' * ^ percent, 

whereas the quantum number 3 would mean on effi¬ 
ciency of about 85 percent. 

In any event, under favorable conditions the greater 
part of absorbed light energy can be transformed in 
green cells into chemical energy, and this is, to quote 
the man who laid the foundation of quantitative pho¬ 
tochemistry, “a marvellous achievement of nature” (£). 

Addendum 

Quantum requirement determinations were demon¬ 
strated to, and curried out with the aid of, the stu¬ 
dents of the physiology class at the Woods Hole Ma¬ 
rine Biological Laboratory on July 19 and 20, 
Requirements of 3 to 5 quanta per molecule of oxygen 
gas produced in photosynthesis were observed on these 
two days. The respiration was over compensated Sev¬ 
ern! fold by light of unmeasured intensity from an 
incandescent lamp used with or without red filter (cut¬ 
off nt s f>60 In two closely comparable, eonseeu- 

tivo experiments, quantum requirements of 3.0 and 3.5 
were obtained from measured red light (630-660 mp) 
when the overcompensating light entered the xnano- 
metric vessel as, respectively, white light from above 
and filtered red light from below. In the latter in¬ 
stance the cells mainly responsible for overcompensa- 
tion by unmeasured light were identical at any given 
moment with those receiving the added measured red 
light. The absorbed measured red light was but a 
fraction of the total energy flux absorbed, most of 
which was absorbed in the first millimeter of depth. 
The aid of students Jack Durell, Richard Klein, Bur- 
lyn Michel, and Martin Schwartz in carrying out 
various of the class experiments is acknowledged 
gratefully. 
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Scientific and Industrial Research in Britain 


A. S. W. Haslett 

Editor of Science Today, London , England 

T HE PROBLEM of government help for sci¬ 
ence in industry is to secure the advice of 
both science and industry on what is neoded, 
and then to combine reasonable continuity 
with some broad measure of democratic control. Like 
other problems of organ ixnticrn which are a little out 
of the ordinary, it has been handed in Britain to the 
Privy Council. 

This is a centuries-old body which derives its au¬ 
thority directly from the King, and so carries weight; 
and as it is a purely fonnal body with no well-defined 
terms of reference it can conveniently concern itself 
with this problem. It is the Privy Council which 
nominally runs Britain's Department of Scientific and 
Industrial Research for the King. But the £4,199,025 
which is the department’s estimated expenditure for 
1049-50 is provided in the normal way by Parliamen¬ 
tary vote, and the Lord President of the Council, chief 
of the Privy Council, is a cabinet minister. The ad¬ 
vantage of the Privy Council connection is that it pro¬ 
vides an administrative umbrella for an advisory 
council which is genuinely active. This consists of a 
mixture of outside scientists and industrialists, par¬ 
ticularly those connected with industrial research, with 
two trade unionists as a more recent addition. The 
secretary of this advisory council is the permanent 
head of the department—at the present time Sir Ben 
Lockspeiser. 

Of the department’s staff of 3,200, more than 1,900 
are engaged in research or technical work, including 
the supply of information. The department has 
twelve research stations of its own, supports sow* 
forty cooperative research associations, which among 
"them cover the greater part of British industry, and 
by a system of grants encourages what it considers 
promising research at universities. Finally, through 
Its headquarters, the department aims to act as a gen¬ 
eral clearing house for the exchange of scientific in¬ 
formation of interest to industry; and with the same 
object, research associations are being encouraged to 
provide sufficient outside staff to bring information, 
and the means for information, directly to individual 
firms. No one and no organisation can be omniscient, 
but an efficient information service can and should 
know where up-to-date information is to be found— 
whether in print or from someone who knows. 


Gaps in Research 

The main job of a research department is to fill 
gaps in research; Such gaps may bd of different 
kinds and arise for different reasons. One is where 
the cost and size of certain equipment are greater than 
could be afforded without the help of the department. 
This is true of the wind tunnels used for the study of 
airflow and the design of aircraft, and the two 050- 
foot ship tanks at the National Physical Laboratory, 
Teddington, London. Both are competitively neces¬ 
sary for the industries they serve, not only for testing 
particular designs, but even more for the building up 
of a secure foundation of knowledge on which ad¬ 
vances in design can be based. 

The National Physical Laboratory is also respon¬ 
sible for maintaining national standards of length, 
weight, and so on. This is not research in the ordi¬ 
nary sense, but it involves research, and is of direct 
importance to industry, for in the long run all ac¬ 
curate measurements of whatever kind go back to lab¬ 
oratory standards. 

A second kind of gap is where the demand for im¬ 
provement comes from the user, rather than from 
manufacturer or producer. An example is the work 
of the chemical research laboratory of Britain's De¬ 
partment of Scientific and Industrial Research on the 
corrosion of metals. The laboratory ib at the present 
time studying the thin surface films which give metaJs 
protection, and its work on the corrosion of iron pipes 
by bacteria in certain types of soil may well repay the 
running costs of the laboratory for all time. The chief 
users in this case are water supply undertakings, for 
the most important buried pipes are water mains. 

In the case of noise, the user is anyone whose home 
is in a block of fiats. This problem is a special case 
of the replacement of traditional methods of building 
by pthers less extravagant in time and materials, and 
the basic research on accoustics is undertaken at the 
National Physical Laboratory. 

Food Refrigeration* 

Research on the storage and transport of food is 
also ' sa*fci»Mita-- intamwt of the British public as 
eaters of the food. The older side of the department's 
work was on low temperature storage, and ite prtn- 
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otpal laboratories were nt Cambridge, Aberdeen (for 
fish), and at East Mailing in southeast England (for 
fruit). Examples of practical achievement have been 
the refrigerated gas storage of fruit and meat. A 
pest infestation laboratory was established in 1939, 
at a time when the government was much concerned 
over the wartime conservation of the nation’s food 
stocks, chiefly grain. Since it is now a world, as well 
as a national, problem to obtain the best use from 
available food resources, it is probable that work on 
these lineB will continue permanently. 

The Forest Products Research Laboratory at Princes 
Risborough, near London, is used by interests in 
Britain, although it works closely, too, with the for¬ 
estry departments of overseas territories on the suit¬ 
ability of particular timbers for various uses. It is 
concerned with the seasoning and preservation of tim¬ 
bers, as well as with their properties, and its work 
has been considerably increased by the wide use re¬ 
cently of substitute timbers. 

The Building Research Station at Watford, near 
London, has plnyed n large part in British postwar 
housing plans by working out standards of construc¬ 
tion and methods of testing. It is a “user” laboratory, 
in the sense that neither individual local authorities 
nor small builders could be expected to carry out the 
necessary research if left to themselves, and it is di¬ 
rectly in the interests of the householder that this 
research should be carried out. 

Fuel and Radio Research 

A third category of research is that directed to the 
best use of any national asset too important to be left 
to take its chance. The outstanding example in 


Britain is that of coal—and this brings in the Geo¬ 
logical Survey, in the finding of coal and the collection 
of samples for examination; the Fuel Research Sta¬ 
tion at Greenwich, London, on the properties of dif¬ 
ferent coals and their efficient use; and the Building 
Research Station, on domestic heating. 

Other laboratories, which have not been mentioned, 
deal with road research and river pollution. Radio, 
and particularly radio propagation, is an old interest 
in the department which has already paid dividends 
in the development of radar and the use of radio 
methods in weather forecasting. Radio research, gen¬ 
erally, is at present divided between the National 
Phj r sical Laboratory and a small subsidiary station 
near Slough, outside London. A site is being sought 
for a new station at which the department’s radio work 
can be centralized. A second new station, for work 
on mechanical engineering, is ulready being built at 
East Kilbride, near Glasgow, and a third for work 
on river and harbor models will be built when a suit¬ 
able site is found. 

All these activities are designed to close gaps which, 
it is felt, con be best dosed by government action. 
And the search for such gaps continues. At the 
present time a committee is considering needs for 
research in chemical engineering. Finally, it may 
again be emphasized that all these institutions are 
centers of information as well as of research. They 
are collections of experts ns well as of machines and 
equipment. And they are at the service of other gov¬ 
ernment departments, cooperative research associa¬ 
tions, and individual private firms which may have 
problems to present, with the intelligence division of 
headquarters as a general signposting unit. 


TECHNICAL PAPERS 


Qualitative Differences of Malignant Tissue 

N. Waterman and L. C. E baling 

Laboratoriat Antoni van Lacuu/cnhoekbuit , 

Nat bar land Cancer Institute, 

Biochemical Department, Amsterdam 

Recently, Camitheri and Buntseff (£, S) have pub¬ 
lished two important papers. Based on polarographic 
investigations, they conclude that, in opposition to the 
current view, certain tumor lipids show qualitative* dif- 

Mu a untuw-philosophical sense there exist, of coarse, no 
digerenwn, since alt matter is built up from the 
trnm element in taHOd distribution. 


ferences from those in normal tisanes. These lipids seem 
to arise at the m omen t of carcinogenesis, for in the pre¬ 
parative stages no differences are observed. They are 
soluble in alcohol-ether mixtures; probably they are 
bound to proteins. 

We would like to draw attention to the fact that, long 
ago, several immunologists (the field of cancer immunol¬ 
ogy seems to be somewhat neglected in recent years) 
showed that there exists a true tumor antigen of lipid 
character, which is able to incite the formation of spe¬ 
cific antibodies in the rabbit, though only in a few ani¬ 
mals (Hirefold and his schoal~1931 4t *eq.)> 

We wifi also refer to the early paper by Waterman and 
de Kromme (l) (1929) wherein it was shown that iso- 
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lated suspended tumor cells are agglutinated by the sera 
o t animals, not belonging to the Forssman group on ne* 
count of tlieir containing a specific antigen, but prob¬ 
ably related to the heterogenetic Forssman antigen. Be 
Kromold ( 4 ) has prepared specific antiscTa by injecting 
rabbits with carefully washed tumor cells; these antisera 
react with a precipitation reaction with the lipid tumor 
antigen excreted with the urine. ThU observation has 
been mode the base of a diagnostic reaction in the first 
specific ethers of cholesterol. 

As to the chemical nature of the antigen, Kolodzicjska 
and Halber (5) and Breinl and Chrobok (1) have investi¬ 
gated this by moans of complemeut flxating tests with the 
sera of immunized rabbits. Kolodziejaka and Ilalbcr as¬ 
sume that fatty substances are the specific substance, or 
that in any case the specific substance is carried with the 
fatty acids. Breinl and Chrobok locate the antigen in 
specific ethers of cholesterol. 

In the last few years we have renewed our attempts 
at isolation of this antigen. An example of our recent 
procedure is offered hero. We must confess, however, 
that so far wo have not been able to isolate a substance 
with a well defined melting point, although we hare ar¬ 
rived at a fraction, of which 0.1 pg reacts promptly with 
precipitation in the form of a riug test when brought in 
contact with the immune serum. 

Perhaps the communication of our procedure may help 
other investigators to define the nature of the lipid. If 
so, we believe that an important piece of work will have 
befcn performed. In any case, the agreement of polaro- 
graphic investigations with serological results would be 
very gratifying. 

Case II. Over a period of a week 1100 g of mota* 
static liver tumor (carcinoma mammae) is extracted with 
11 1 alcohol, 90% acidified with 10 cc HC1 7 N at 87° 
O, under frequent stirring. 

After filtration, the alcohol is distilled off and the 
watery residue (plm. 1 1) is extracted during 48 hr with 
a 50% mixture of ether and petrol-ether. The ethereal 
extract is evaporated to 150 cc and brought to 1 1 with 
acetone. The precipitated phospholipids are filtered off, 
and the yellow filtrate is evaporated in vacuo. The re¬ 
sulting brown oily residue is stirred with 111% natrium 
carbonate (pll 9.5). This yellow soap is extracted dur¬ 
ing 48 hr with ether. The watery solution is brought to 
pH 3 with 30 cc IIC1 25% and the acid solution is ex¬ 
tracted again with ether. This ethereal extract is brown. 


night, the ammonia is removed by a stream of nitrogen. 

After adding 6 g of barium chloride an orange pre¬ 
cipitate is formed, which is washed with water. The 
precipitate is solved in 80 cc 10% IICl and extracted 
again with ether. After evaporation (residue: 4J g) 
the extract is solved in petrol ether (40-00* O) in ordeT 
to remove any hydroxy-acids that may bo present, and 
filtered.^Tho solution is agitated with water, dried again, 
and dissolved Jn 50 cc dry acetone. The insoluble frac¬ 
tion is filtered off and washed with cold acetone. The 
brown acetonic solution is cooled for 4 hr at -20* C and 
the precipitate is rapidly centrifuged in cooled tubes. The 
precipitate (130 mg) proves highly active in the im¬ 
munological test (ring reaction with cancer immune 
serum). 

The samo treatment is repeated. The rose-colored 
precipitate is solid at room tompernture (20 mg). It 
is soluble in warm, dry^ alcohol-free ethyl acetate: by 
cooling at 0° C and centrifuging a white precipitate is 
formed; the ethyl acetate is yellow. 

This treatment is repented four times; now the filtrate 
is colorloss. The precipitate is dried in vacuo and be 
comes slightly brownish thereby. Melting point 100- 
130° C. 

The treatment with barium chloride is repented, fot 
lowed by the etliyl acetate procedure described. The 
resulting precipitate is highly active. One-tenth pg is 
active in a concentration of 1: 1,500,000. 
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A One- and Two-dimensional Paper-. 
Partition Chromatographic Apparatus 

Roberta M. Ma and Thomas D, Fontaine 

Bureau of Agricultural and Industrial Chemistry, 
Agricultural Research Center, BeltsviUe, HoryUmd 


After evaporating off the ether in nitrogen atmosphere, 
there remains 8.6 g of a dark brown oil. This is solred 
In 800 cc alcohol 96% at 70* C. To this solution a 
boiling dear solution of 5 g lead acetate in alcohol is 
addod; the lead salts of the higher saturated fatty acids 
are precipitated. After 12 hr standing, these are fil¬ 
tered off on a BUchuer funnel. A stream of 11*8 is 
conducted into the dear yellow filtrate containing the 
soluble lead salts, and the lead sulfide is removed. After 
evaporation of the yellow filtrate in nitrogen atmosphere 
the multing red'btewh suspended in 800 H 1*1% 
ammonia under heatiag to 80° C. After standing **e*- 


The ascending force of capillary action for chromato¬ 
graphic separation, reported earlier by Williams and 
Kirby (I), has been used in the apparatus to be described 
here. The apparatus (Fig, 7) consists of a 1-liter gradu¬ 
ated cylinder, a No, 13 rubber stopper, some adhesive 
cellophane tape, and a stainless steel paper holder con¬ 
structed from two fiat and open colls, 00 mm in diameter, 
and two rods or tubes, 340 and 400 mm In length. Each 
of the two coils is mode from a piece of stainless steel 
wire or tubing 432 mm in length and '% mm In diameter. 
Both ends of the piece of wire or tubhig a re flattened 
fashioned into loops. Theftonger rodis passed through 
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the Inner loop of the lower coil end is permanently at- 
taeheA to it vertically at a point 25 mm from the lower 
end. The shorter rod is permanently attached nt one end 
of the outer loop of the lower coil so as to be parallel to 


7 



A B 


Mth 1. Chromatographic apparatus. A—Paper holder 
with adjustable coil (a). 1)—Assembled apparatus, allowing 

adjustable coll (a), paper (b) t position of test apots (c), eud 
liquid volume <d). 

the other rod. The two rods are passed through the cor¬ 
responding loops of the upper coil but are not fastened 
to them. Since the upper coil can be raised or lowered, 
It is possible to use sheets of paper of different size, up 
to 350 mm square. A paper sheet is loaded conveniently 
by threading it through the coils with a gentle rolling 
motion. 

Chromatograms are usually run on sheets of filter 
paper 300 to 330 mm long and 230 to 280 mm wide. For 
one-diinension chromatograms, both the standard and un¬ 
known solutions are pipetted onto the paper at a distance 
of 25 mm from the bottom of the sheet. The liquid usu¬ 
ally covers an area 3-5 mm in diameter. After the spots 
have dried, the paper U rolled into the paper holder. 
The paper should extend about 10 mm below the lower 
coil and about 25 mm above the upper coil. The loaded 
paper holder is quickly placed in a 1-liter cylinder, con¬ 
taining lOO ml or less of solvent, with about 10 mm of 
the loweredge of the paper in the solvent. The cylinder 
is closed with the rubber stopper and if it has a lip 
the hole is sealed with adhesive cellophane tape. The 
liquid is allowed to ascend by capillary action for a fixed 
period of time* After expiration of the allotted time, 
the chromatogram is removed from the cylinder and dried 
in a stretched borisontal position and then analysed sc- 
cording to th e p 

For a two-dimension chrimatograra, a stogie spot of 
tost, solution it* pieced to the lower left oOrner of the 


sheet of paper, approximately 50 mm from the edges, and 
the sheet is then placed in the paper holder And treated 
as described. After expiration of the allotted time, the 
chromatogram is dried. The sheet is then placed in the 
paper holder in such a manner that the separated con¬ 
stituents are made to travel upward along the paper at 
a right angle to the direction from which they moved 
previously* The final chromatogram is removed, dried, 
and analysed. 

This apparatus has a number of advantages. It is 
simple in design, requires small spnee, and is airtight. 
The chamber can easily be protected from light if the 
compounds are light sensitive and construction can be 
all-glass if conditions demand. 

Reference 
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Note on an Index of Conformity 

Stuart C. Dodd 

University of Washington , Seattle 

An index to measure the degree of conformity to some 
uorm, or single class interval, of a variable is here pro¬ 
posed. It is an improvement in percent ago form of the 
4th moment (in sigma units) or Pearson's beta sub-two 
(token from an arbitrary origin), which Peters proposed 
under the label of an "index of institutionalisation" 
(I). This index had grown out of studies such as those 
by Allport on the "J curve of conforming behavior." 
The formulas for our "index of conformity" (Cfy) and 
graphs of its behavior are given in Fig. 1, Its derivation 
is simply that, since the 4th moment varies from unity to 
infinity, its reciprocal will vary between the limits of 1 to 
0. This measures nonconformity so that the complement 
from unity of tills reciprocal is taken to measure degree 
of conformity. This proportion is multiplied by 100 to 
express it in familiar percentage units. The origin about 
which the moment is calculated is the norm or class inter¬ 
val of expected behavior, i.e., any arbitrary origin to 
which the degree of conformity of the data is to be 
tested* 1 

Cfy = 100(1 - (£«2)VJf2s*) 
where so ^ X - norm. 

This index measures the degree of concentration in, or 
dispersion from, one class interval which may be the 
norm in the social mores, or may be any class interval set 
up by the analyst as an hypothesis for testing the degree 
of conformity of the data to it. It measures kurtosia 
on a scale where 190 % is maximum, around 67% is raeao- 
Vurtic, around 50% isplatykurtic, and 0% is negatively 

i At the limit of complete conformity, when «H deviations 
from the norm are sero* beta suh-two becomes Indeterminate* 
needing evaluation. Aside from the tmtlheinnHca of tide 
ease* tta computation gives no trophic, since conformlfy Is 
evidently maximal and con be so recorded e* mere iasnscttOSF. 
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leptokurtic or maximal antieonformity. 2 In Fig* 1, the 
base line® correspond to the amount of conformity of each 
graph in the conformity scale (Cfy) at the left. Graph* 



Fiu. 1. Conformity distributions. 

Conformity - Every per non In thestandard or norm cl^ss 
Interval (underlined) which is expected by the mores, 
Cfy-100% 

Nonconformity - Every person furthest from the norm cIubr 
interval (underlined) which is expected by the mores. 
Cfy - 0% 

♦ It makes no difference whether many or no categories 
Intervene in a two-category distribution. 

are presented for the simple two-category cases of con¬ 
forming or nonconforming in the first column, and for 
the case of five categories or class intervals of the vari- 
able in the second and third columns (which differ only 
in that the norm is at one extreme in the second column 
and is at the middle in the third column)* The graplis 
show dearly f<tr .Bonus common types of distribaitiotiothow 
perfect conformity means that artf the frequencies are in 
the norm class interval; around 50% conformity means a 

* The mesokurtte and plutykurtic percentages Will vary 
somewhat, depending on the shape of the distribution, the 
unraber of class Intervals, and the location of the norm be¬ 
tween the center and one end. Thus the raesoknrtlc normal 
probability curve with Bi« a bus an Index of conformity of 
47% when the norm Ib at the mode. For another example* 
the platykunlc rectangular distribution of five class Inter- 
vsls illustrated in Fig. I has a conformity index of 00% 

the norm 1» at oneend wnd 41% when the norm is The 
middle das* interval* Cfy measures kurtosb* strictly only 
when the norm is the mi%n. 


rectangular distribution in general, with the frequencies 
equally divided among all class intervals, Bud 0% con¬ 
formity means that the frequencies are nit concentrated 
in the class intervals furthest away from tile norm. Fur¬ 
ther features of this index are seen to be that it is ap¬ 
plicable . to .all shapes of distributions and that it is 
independent of the unit in which the variable is ex¬ 
press?^ It is a percentage or pure number, since in its 
formula the dimensions of the numerator and of the 
denominator cancel each other out, leaving a dimension¬ 
less ratio. It thus measures conformity to a norm ex¬ 
pressed as a percentage of maximal conformity. A fur¬ 
ther feature of this index is that in tlie two-category 
cases of conformity or nonconformity it becomes identical 
with the simple percentage of persons conforming, and 
thus is readily interpretable by laymen. 

Within certain limits, this conformity index indicates 
uni modality to bimodality. It indicates this best in sym¬ 
metric distributions when the norm is central. Then a 
Cfy of 100% indicates perfect unimodnlity; while Ofy 
of 0% indicates perfect biomodality. Intermediate de¬ 
grees of Cfy, while not measuring the tendency for the 
distribution to have one versus two peaks, measure the 
underlying tendency for the population to be concentrated 
mound one class interval (the norm at the center) or dis¬ 
persed into two concentrations around the two extreme 
clnss intervals. Cfy is not a constant measure of blmodal- 
ity, since the relation of Cfy to degree of bimodality 
will shift with the conditions. Thus, under conditions of 
an asymmetric distribution with the norm not central, 
0 % will not indicate perfect bimodality. 

As the index drops it reflects n homogeneous or unified 
population, becoming separated into two opposite camps 
with respect to the characteristic monsured. Cfy thus 
can measure the degree of enmity or opposition of two 
groups along a given dimension. Cfy does not measure 
the dichotomizing of n group into two camps under all 
conditions; rather it measures the conformity or absence 
of deviation of a group from a norm. 

This index should hove wide usage and great conveni¬ 
ence in sociology, psychology, and other fields in measur¬ 
ing the degree of deviation from some expected behavior 
or conditions wherever that is one of two or more possible 
clues.. intervals of - such - behavior or conditions. It can 
crucially test hypotheses. 

For judgments of sampling reliability, one may use the 
standard* error ofthe 4th moment, whether calculated 
about the mean or about an arbitrary origin. For large 
samples, this is the usual cr* V96/WI Or one may use the 
standard error of beta sub-two about nn arbitrary origin. 

For an example of its use, Peters* data of automobile 
drivers keeping in their proper Jfines on hlgliway curves 
may bo taken. Bis data are £5.3% in lane* 12.1% cross¬ 
ing less than half, 1.7% crossing more tluin half, 0.8% 
crossing fully into the other lane, giving an Index of in¬ 
stitutionalization of 1M, which cannot be readily inter¬ 
preted unless one has many sudi indieasiu mind ^e-oom- 
pare it with* The index of conformity for these data is 
93.5%, which has immediate interpretation even to lay* 
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men as being 93.5% of maximal or perfect conformity 
to the traffic regulation®. 

Reference 

I. Pbtbbb, C. and Vax VootHts, W. R. StaflsKcul pro- 
endure* and their mathematical bane*. New York : 
McGraw-Hill, 1040. Pp. 82-84. 

Histological Effects of Treatments with 
Growth-regulating Substances of the 
2,4-D Group 1 

Arthur J. Eamei 

Department e/ Botany, 

New York State College of Agriculture , 

Cornell University, Ithaca 

Recent anatomical studies of the bean plant ( 8 ) and 
nut grass ( 1 ) treated with growth-regulating substances 
of the 2,4-D group (2,4-dichlorophenoxyacetate) have 
shown that the internal modifications in the monocot are 
closely similar to those occurring in the dicotyledonous 
bean plant; and that a monocot, which from superficial 
study might be reported insensitive or slightly sensitive 
because of little or no external evidence of effect of the 
treatment, may be seriously affected in internal structure. 
Because of difference in method of growth in dicots and 
mouocots the histological modifications naturally vary 
somewhat in the two plants in type and in position in 
the plant body, and the external form of the affected 
organs is modified In different ways. In monocots, ex¬ 
ternal structural effects are commonly less evident than 
in dicots and may not be at all apparent if the plant 
dies soon after treatment. Detailed descriptions and 
photomicrographs of the anatomical modifications of the 
two plants under treatment are in the papers listed in 
the references. 

In both plants, the modifications occur in immature 
tissues, as has long been recognised, or in tissues that, 
though mature, become readily ineristem&tic, especially 
the pericyde and endodermis. Under both types of 
growth, primary phloem is or destroyed. In the 

nut grass, thqvpliloem-.bf the vnaplanlvundta in *thefg|ow* 
ing leaf bases does not form or is destroyed as replace¬ 
ment tissue forms. The xylem is also distorted and its 
eells..filled -With'gtnumysubfltaJTOee. The “mature * vaseu- 
lar bundles In the conn are uninjured. In the bean leaf 
also, the phloem is distorted or destroyed, and in the 
young bean stem the primary phloem is destroyed and no 
secondary phloem forms. 

In addition to vascular distortion and reduction, two 
general types of modification occur: (I) That in which 
the course of cell and tissue development is so changed 
that the normal cells and tissues of the region are sup- 

* This paper is based upon work done for the Biological 
Chemical Corpa, Camp Ostrich, Frederick, Mary- 
hfld* ttndM Conmct No. with Cornell 


planted by a special type of fleshy parenchyma—with 
cells proportionately large, more or less irregular in 
form, strongly vacuolate, without cbloroplasts, and with 
few or no intercellular spaces (Fig. IB, D). This tissue 
is suitably called replacement tissue. (2) That in which 



Flu. 1. Transverse sections of portions of normal and 
treated leaves of nut grass and bean plant. The treated 
leaves of both plants show Increased thickness, replacement 
tisane, and abortive vascular bundles. A,D, nut grass: A, 
normal leaf nearing maturity, showing beginnings of differ¬ 
entiation of epidermis, mesopbyU, vascular bundles, fiber 
strands, nud aerenchymn ; cells with much cytoplasm and 
conspicuous nuclei. B, treated leaf of about the same stage 
of maturity us A, lacking normal differentiation of tissues, 
showing replacement tissue with cells strongly vacuolate and 
cytoplasm scanty; the vascular bundles reduced and dis¬ 
torted. C, D, bean plant: C, normal mature leaf showing 
differentiation Into epidermis, mesopbyU, and small vascular 
bundle; mcsophyll with abundant chtoroplasts. D, mature 
treated leaf showing, replacement tissue with cells strongly 
vauuolate, without cbloroplasts; cytoplasm scanty; vascular 
bundle distorted, 

•the-resposnee irone*o£inpad*and'f®HtLmiing proHtamtfcm 
of & layer or layers of calls somewhat similar to that of 
carobial activity (Fig. 2B, D), producing uniform, thin- 
walled parenchyma cells, some of which become richly 
cytoplasmic, closely resembling promeriatem colls, and 
give rise to fool initials. Proliferation from both vas¬ 
cular and nonvascular tissues is frequent in the young 
bean plant, with the new tissues arising Chiefly from vas¬ 
cular derivatives, In the menoeot stem, where there is 
no cambium, only perieyclic (and to a email extent endo- 
dermal) tissue takes part in the formation of near tissue. 
Proliferation in the stele may extend outward along 
leaf traces. 
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The first type of response (replacement tissue forma¬ 
tion) takes place in the leaves and morphologically simi¬ 
lar organs; hero increase in thickness is minor. In the 
dicot, conspicuous distortion of external form is soon 
evident—extreme narrowing of the leaf blade caused by 
persistence Of apical initials and inhibition of develop¬ 
ment of intorvoinal tissue (Fig, 3B) with some increase 
in thickness of bln do. In the narrow-leaved monocot, ex¬ 
ternal distortion is inconspicuous becanso there is little 
interveinnl expansion in normal ontogeny, and with de¬ 
velopment from a basal intercalary meristem only a basal 
transverse segment of tbo leaf is nffeetod (Fig. 3A). 

The second type (proliferation tissue formation) occurs 
in steins (also observed in roots of the bean plant and 
other dicots and some monocots) and commonly results in 
extreme swelling of the organ with compression and rup¬ 
ture of the outer tissues, which do not take part in the 




Fig. 2. Cross sectional diagrams of fairly mature conns 
of not grass and young stems of the bean plant. A. B, nut 
Kvass: A, normal corm Showing vascular bundles (black) in 
rhe central cylinder surrounded by the pericycle and en- 
dodermis (1 ml tented by circle} and,,cortex with leaf bases 
and young rblxonte tip; B. treated corm showing vascular 
bundles In the central cylinder as In the normal Conn, pro¬ 
liferation of pericycle ami endodennts (Indicated by the lined 
area), the cortex somewhat crushed and tom, the epidermis 
ruptured, sud the surrounding leaf bases shrunken. C, D, 
bean plant: C, normal stem shewing vascular cylinder in 
black with points of protoxylem extending Into the pith; D, 
treated etvro showing pith and protexyfy* as In the normal 
stem* proliferating tissue (Indicated by the lined «*ea) pro* 
ducad chiefly by the cambium and Its derivatives in plaoe 
Of oormai awndury vaicfclar tissue, the cortsx somewhat 
croshsd and tom, end the epidermu ruptured. 


proliferation. The cortex apparently is little or not At all 
affected. 

Growth of replacement tissue to maturity Is complete 
in a short time, about the same as in normal develop - 



Fig. a. Extent and distribution of injury in leaves or 
treated monocot and dlcot. Hatching Indicates regions of 
worst injury ; large dots, regions of less severe injury; stip¬ 
pling, regions of least injury; and white arena, normal parts. 
A. diagram of median longtltudlnnl section of (Ip of corm and 
base of leaf fascicle of nut grass showing youngest and oldest 
leaves unaffected and betwesn these the affected ones (Im¬ 
mature at time of treatment). The leaf Injury is externally 
Inconspicuous because it occurs only In the basal portion of 
the leaf. In the worst-affected leave*, all three types of 
injury occur In one leaf. (Horizontally lined area in the 
corm indicates the proliferated tissue.) n, trlfollolate leaves 
of bean plant showing youngest and oldest unaffected, and 
varying degrees of injury In leaves between the unaffected 
ones. The Injury in the bean plant Is conspicuous because 
the whole leaf is distorted and an entire leaf usually shows 
one type of Injury. (A, after Barnes, modified ; B. after 
Watson, modified). 

ment; growth of proliferating tissue may continue for a 
long time. The same stimulus, however, produces both 
types of response, and is immediate and brief; there is 
no later stimulus without further treatment. The stimu¬ 
lus of 2,4-1) treatments has been reported to be long- 
continuing in many plants, but these studies indicate 
that the reports are based on false interpretation of the 
evidence. Although the stimulus is immediate and brief, 
dormancy of some plants after treatment may delay the 
development of the. affected immature tissues or organs 
(especially buds in woody plants and embryos in seeds) 
and external evidence of the injury is thus concealed un¬ 
til growth is renewed. Evidence of injury appearing in 
the spring following treatment is frequent in many 
plants. 

Vrom the anatomical study of this mouoeot and dicot 
it is clear that, although injury in the bean plant ia far 
more conspicuous externally than in the hut grass (Fig. 
3) because of the difference in method of growth, the 
modifications in both xhonoeot and dicot are fundamen¬ 
tally the same (Fig.l£,D;Fig f 2B,D). 



1/.' Ba««s*'A. Bef./in press. 

% WrfWSOK, B P Amer. /. Bo*., m* «, 04B. 
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Increased Permeability of the Hemo- 
encephalic Barrier Produced by 
Physostigmine and Acetylcholine 1 

Msrgsrst E. Grcig and William C. Holland 2 
Doportmout of Pharmocotogy, 

V and orbit t Uotventty School of M edict#*, 

Nstbville, T com tut* 

Barbour and Abel ( 1) observed that acid fuehsin, when 
injected into the lymph sac of frogs, caused tetanic con* 
vulslons, but that there was generally a marked delay 
(often 24 hr) before tho onset of the convulsions. These 
observers believe that the delay was caused by tho slow 
rate of absorption of the dye by nervous tissue. They 
then removed the cord, treated it with acid, and observed 

TABLE 1 

Effect of Pti ysortigmixe and Acettlcholixe on the 

lUTK OK ONNKT OF CoXVl'LHlOXH IN FUOUS 

1*uodih;ed by Acid Fucusix 


Group 


I 

11 

Ill 


rh y Ro¬ 

Acid 

fuehsin 



Arid 

st Igm In e 

physo- 

fuchsia 

+ 

acetyl¬ 

stlgmlne 


choline 

acetyl¬ 

choline 


Number of frojra . Ill 23 

Number that dill not 

have con vhIhIiiiis ... 5 23* 

Number Hint liml mn- 
vulslous in lc*« than 

1 Ur . 4 0 

Number that bud con¬ 
vulsions t» n |terlod 
longer than 1 Ur ... 10 a 

Average time for con¬ 
vulsions to occur ... 12.6hr 

Range of Him* for con* 41 mln- 
vulsHms to occur ... 20 hr 


26 

4 

22 

0 

34 nilu 
18 rain- 
49 min 


* Four frogs In this group died without evidence of con 
vulslons. 


the degree of staining of the cord. The time of onset 
and the degree of convulsions paralleled the amount of 
dye in the cord. 

In our work on factors affecting the permeability of 
dog erythrocytes it was found that a disturbance of the 
acetylcholine-cholinesterase system affected the perme¬ 
ability (f), and it was felt that a simple method of 
determining whether other cells were also effected might 
be found by studying the effect of physostigmine, a 
specific inhibitor of cholinesterase, and acetylcholine on 

1 Flings for carrying on this work were kindly supplied by 
tha tddhlnrkrodt Chemical Works. 

* »• tablis Health Fellow of the National Institutes of 

Health. 


the rate of passage of dye through the hemoencephalk 
barrier as indicated by the degree of staining of the 
cords of frogs treated with physostigmine, acetylcholine, 
and acid fuchain and the time of onset of convulsions. 

The drugs were injected into the dorsal lymph sacs of 
the frogs in the following quantities: acid fuchain 6 mg, 
acetylcholine bromide X mg, and physostigmine 0.1 mg 
for each 5 g of body weight. The time whoa convulsions 
occurred was then determined. 

Experimental results are summarized in Table 1. It 
may be seen that of tho 19 frogs receiving acid fuehsin 
alone, 14 went into convulsions and the average time for 
the onset of convulsions in those frogs wns 12.6 hr. Of 
the 26 frogs receiving acid fuehsin, physostigmino, and 
acetylcholine, 22 went into convulsions, and the average 
timo for the onset of convulsions in this group was 34 
min. In this group if the frogs did not convulse in an 
hour they did not convulse at all. Of the 23 frogs re¬ 
ceiving physostigmine and acotylcholiue, four died with¬ 
out showing signs of convulsions. Tests for acid fuehsin 
in nervous tissue by Abel’s method were positive when 
the frogs were in convulsions caused by physostigmine 
and the dye, and negative if convulsions had not begun. 
We also obBorved, os did Abel, that the frog f s eye became 
deeply pigmented at the time of onset of convulsions. 

Ou applying the elu-squoro test of significance to these 
results it was found that the probability that this was a 
chance distribution was less than 0.001. 

The permeability of the hemoencephalie barrier of 
frogs to acid fuehsin appears to be increased by the 
inhibition of cholinesterase by physostigmine. This 
change in permeability is similar to that found in dog 
erythrocytes troatod with physostigmine. The acctylcho- 
line-eholinesterase system may have a widespread func¬ 
tion in maintaining the normal permeability of the liv- 

*8 MU - Reference. 

1. Babboitr, n. G. and Abel. J. .1. J. Pharm. ewper. Thcrap 
1010. a. 107. 

». GaEio, M. E, and Holland, NV. C. Fed. Pro c., 1049, 8 , 
207. 

Dispersion Staining with Phase Contrast 
Microscope Accessories. The Microscopic 
Identification of Quartz 

Germain C. Crotsmon 

Baruch 6- Lamb Optical Company, Roc bettor, Now York 

Results similar to the transmitted light bright field 
Christiansen effect (1) and the dark field dispersion 
staining method can be obtained with chemicals 

and minerals by means of phase contrast microscope ac¬ 
cessories. The colors obtained with phase objectives as 
compared to non-phase are much more vivid-—brilliant 
enough to produce good color transparencies. A further 
advantage is that they can be observed best at focus 
rather than above or below a good focus, a necessary 
condition with non-phase objectives. As compared to the 
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dark Held method, the colors are not quite as brilliant and 
are observed best at the lower magnifications, such as 
With the 10 x (16-inm) 0,25 N.A. and 21 x (8-mm) 0,60 
N.A. objectives. Weak coloration can very often be ob¬ 
tained with the 43 x (4-mm) 0.65 N.A. objective. This 
is especially true when using the higher index liquids 
which, containing a greater proportion of cinnamalde- 
hydo, have a higher dispersion. The use of high disper¬ 
sion liquids ns mounting media with the phase microscope 
offers the advantage that the end point in the determi¬ 
nation of refractive index by color is probably easier to 
obtain than by dark field illumination. Critical numerical 
aperture relationships between condensers and objectives 
necessary in the dark field method are not required. 
When the method is used in conjunction with polarized 
light, more than oho identifying color can be obtained, 
dependent on the orientation of the specimen. Particles 
not readily visible at one optical orientation can often 
be reorientated so they stand out in sharp contrast to 
the mounting medium. The method can be illustrated 
best by the directions given below for the identification of 
quartz, N w 1.544 and N* 1.553. 

Particles, crushed to a smaller size if necessary, should 
be mounted under a cover glass in a liquid of high dis¬ 
persion and of a refractive index of n p 1.644 at 25* C 
prepared from a mixture of diethylene glycol monobutyl 
ether and cinnnmaldehyde (Eastman Kodak Company). 
The quantity of the lower index constituent, to be mixed 
with the higher to give an index of 1.544 at 25° C, can 
be determined by the formula 

r i*i + 

where V represents volume, rt the Index, and V x n m the 
volume and index desired. Our samples of dicthylcno 
glycol monobutyl ether had an index of 1.429 and clnna- 
maldehyde 1.619, both readings being taken at 25° C. A 
1.544 index liquid would require a mixture of 3.95 cc of 
dlethylene glycol monobutyl ether with 6.05 of cinnamol- 
dehyde, us shown in the computation given belowt 

1.4201', + 1.619P t = 10 (1.544) 

1.429F, + 1.4291% = 10 (1.429) 

J0Or y =I.15 
r 0 = e.o5 cc 
P, = 3.95 cc. 


For more accurate results, the mixture prepared ae- f 
cording to the above formula should be checked on a 
refrnctometer at 25* C. It is also advisable to recheck 
its index occasionally for any change, since cinnamalde- 
hyde tends to oxidize to cinnamic acid. This shift in 
index can be retarded by keeping the index liquid in a 
small bottle and maintaining it nearly full of the mix¬ 
ture.^ Other index liquid combinations can be used, but 
the colors obtained will tend to be less vivid. 

The results given here were obtained with dark con 
trast phase objectives having phase accelerating annuli 
of one-quarter wavelength. Critical illumination should 
be employed and the condenser diapnrngm image and 
phase accelerating annulus accurately centered. A mi¬ 
croscope illuminator having a 6-v 108-w ribbon filament 
lamp and daylight filter was used as a light source. 
Preparations mounted in the 1.544 index liquid were ex¬ 
amined at a temperature of 25° C by means of the 10 X 
(16-mm) 0.25 N.A. and 21 x (W-mm) 0.50 N.A. objectives. 
Observations were made with nonpolarized light and with 
polarized light obtained by placing a cap analyzer over 
the microscope eyepiece. Grains of quartz with non¬ 
polarized light at 25* C appear colored blue with orange. 
With polarized light (cap analyzer over eyepiece) grains 
oriented for the 1.544 index are colored blue with red, 
and those oriented for the 1.553 index are blue with 
yellow. Any inclusions or particles on the surface appear 
white or in colors other than those characteristic for 
quartz. As un additional means of identification, grains 
can be examined in a 1.553 (epsilon index for quartz) in¬ 
dex liquid prepared in a similar manner nt 25* O from 
diethylene glycol monobutyl ether and cinnnmaldehyde. 
Quartz grains in this liquid with nonpolarized light at 
25* O appear light blue, usually with a very dark red 
border. With polarized light (cap analyzer over the eye¬ 
piece) grains oriented for the 1.558 index are colored 
blue with red and those for the 1.544 index a light blue to 
white. The red, orange, and yellow colors are usually in 
the form of colored borders to the grain but occasionally, 
depending on its shape, can be found at any point in the 
particle. The blue colors always cover the major portion 
of the grain and vary in hue from light to dark blue, de¬ 
pending on whether the grain is befcnr, equal to, or above 
the index Kquid. This criterion in conjunction with the 
red, orange, and yellow coloration is of additional value 
in determining the grain-index relationship. 


lUftrmcM 
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Book Reviews 


Introduction to historical geology. Raymond Cocil Moore. 

New York-London; McOraw-HiU, 1949. Pp. ix + 582. 

(Illustrated.) $6.00. 

This new book bids fair to become one of the leading 
textbooks in the country for beginning college courses. 
It is an authoritative treatment of historical geology by 
;l leading student of stratigraphy and paleontology, and 
a teacher of more than thirty years' experience. 

The facts of historical geology are presented concisely 
and clearly, by means of lucid text, large and beautiful 
illustrations, diagrams, correlation tables, areal and pnleo- 
geographic maps on facing pages, and many figures of 
fossils and restorations of landscapes and both vertebrate 
and invertebrate animals. 

The book is well suited to beginning classes in geology, 
and the correlation tables and areal and pnleogeographio 
maps make it useful for more advanced students of the 
stratigraphy of North America. Students use their texts 
in historical geology in identifying the fossils they collect 
on geological excursions. It would be better, the reviewer 
thinks, if the names of species had been given so that the 
figures could be used for specific as well as for generic 
identification. 

Dr. Moore *s book is fully equal, in the reviewer's esti¬ 
mation, to any textbook in historical geology now being 
used in this country. It is logically written, adequately 
illustrated, and is authoritative, accurate and up to date. 

J. J. Galloway 

Indiana University 

Elastomers and plastomers: their chemistry, physics and 

technology . (Vol. 111.) Testing and analysis; tabula - 

them of properties . R. Houwink. (Ed.) New York: 

Elsevier Publ., 194$. Pp. 174. (Illustrated.) $4.60. 

This third volume of the series edited by Hermans, 
Houwink, and Martin is essentially devoted to methods 
of analysis and testing and to a presentation of numer¬ 
ical data on the mechanical, electrical, optical, and thermal 
properties of high polymers. This is a very important 
subject and a book on it is a welcome addition to the 
scientific literature in this field. 

J. H. Teeple describe* in about sixty pages the modern 
methods of plasties and rubber testing in a comprehen¬ 
sive, clear, and up-to-date manner, using a large number 
of well-selected figures and tables. A. G, Epprecht fol¬ 
lows with a chapter on chemical analysis, which will be 
particularly interesting for American readers because it 
contains many European methods which are not as yet 
too well known in this country. A chapter by B. B. S. T. 
Boonstra on properties of elastomers gives additional in¬ 
formation on these important materials, and the fifth 
chapter of J. W. F. Van 't Wout and R. Houwink com¬ 
pletes the volume by discussing the properties of plastics. 


It is evident that books of this character are very valu¬ 
able and necessary for chemists and physicists interested 
in this rapidly expanding field, and Dr. Houwink's series 
is contributing a great deal to the dissemination of fac¬ 
tual knowledge and current ideas. 

H. Mark 

Polytechnic Institute of Brooklyn 

Foundations of nuclear physics: factim&ei of thirteen orig¬ 
inal studies. Robert T. Beyer. (Ed.) New York 19, 
N. Y.: Dover Publ., 1949, Pp. 272. (Illustrated.) 
$2.96. 

The use of original papers as a teaching device has 
boon recognized in the natural sciences ever since Wilhelm 
Oatwald first reprinted a series of classics in the natural 
sciences. However, most of these papers were concerned 
with developments in days gone by, and only a few vol¬ 
umes in this scries (in German) are devoted to modern 
developments (such as the volume, on Brownian motion, 
which contains the famous papers by Einstein and 
Smoluchowski). The present volume presents a particu¬ 
larly interesting collection of thirteen of the fundamental 
Studies in nuclear physics as they were originally reported 
in scientific journals. Everybody will agree with Pro¬ 
fessor Beyer as to the importance of the various papers. 
All of them had a profound influence on the development 
of nuclear physics and they cover a wide range of inter¬ 
ests, from simple experimental descriptions to some rather 
difficult theoretical developments such as, for instance, 
Fermi *s theory of p-decay and the theory of the inter¬ 
action of elementary particles by Yukawa. 

Of the classical papers on radioactivity, Rutherford's 
papers on the scattering of alpha particles and on arti¬ 
ficial nuclear disintegration are included. The other 
papers are of the period when modern techniques made 
the discovory of new particles possible and wave me¬ 
chanics gave the interpretation of their interaction with 
matter. 

One may regret that Fermi's detailed paper from the 
Proceedings of the Boyal Society has not been reprinted; 
also that the paper of the Joliots in the Journal de 
Physique has net been .given instead of the short note 
in Comptes Men#**. We hope that a future edition will 
contain the brief note by Frisch and' Meitner on fission. 
For the sake of the student one might wish that papers 
were accompanied by a commentary, because the beginner 
will find it necessary to have proper guidance if he wants 
to study this material by himself. 

The bibliography, which covers such chapters as iso¬ 
topes and mass measurements, hyperfine structures, 
nuclear moments and spin, scattering and collision 
processes, disintegration processes, radioactivity, beta 
radiation, gumma radiation and neutrons, the theory of 
nuclear structure, theory of disintegration processes* 
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nuclear fission, and finally n chapter on methods and 
apparatus, will be useful to the beginner as well as the 
research worker and teacher who wants a handy classified 
Mat of sources. 

Kahl Lark-Horovitz 

Purdue. University 

Advances in catalysis and related subjects, W, G. Frank- 
enburg, V. 1. Komnrewsky, and E. K. Bldeal. (Eds.) 
New York: Academic Press, 1948. Pp. viii + 321. 
(Illustrated.) $7.60. 

This book is a collection of the following eight articles: 

** The Hcterogoneity of Catalyst Surfaces for Chemisorp¬ 
tion/* by Hugh S. Taylor; “Alkylation of Isoparaffins/' 
by V. N. Ipatieff and Louis Schmerling; * 1 Surface Area 
Measurements. A New Tool for Studying Contact Cata¬ 
lysts/' by P. It. .Emmett; “Tlio Geometrical Factor in 
Catalysis/ 1 by R. II. Griffith; “The Fischer-Tropsch and 
Related Processes for Synthesis of Hydrocarbons by Hy¬ 
drogenation of Carbon Monoxide/' by H. H. Storch; 
“The Catalytic Activation of Hydrogen /* by D. D. 
Ele}'; “Isomerisation of Alkanes/’ by Herman Pines; 
and “The Application of X-Ray Diffraction to the Study 
of Solid Catalysts , 9 * by M. H. Jeitinok and I. Fankuehen. 

All of the articles will be road with mueh Interest. 
However, the time has not yet arrived when one specifies 
exact mechanisms for most catalyst reactions. Taylor 
presents interesting data which indicate hydrogen is 
chemisorbed on nickel-chromia catalysts, for example, in 
two different ways—one at a temperature below -78" C 
and the other uboro 0* C. He succeeds in adducing mueh 
evidence to show tho nonuniformity of chemisorption on 
various surfaces. The other authors likewise provide 
mueh now information. Every chapter is written by a 
specialist in the particular field and the contents are ac¬ 
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curately indicated by the titles. A person concerned 
with catalysis should certainly consult this book. 

Henry Eyrino 

University of Utah 

Detailed atlas of the bead and neck . Raymond 0. Trues 
and Carl E. Kellner. New York: Oxford Univ. Press, 
194^ Pp. xiii + 162. 215.00. 

We find in this atlas an unusually complete coverage 
of the anatomy of the head and neck. Some eighty of 
the figures are of dissections and thirty of frontal or 
transverse sections. In all but a few plates of the skull 
and vertebrae, the artist has been painstaking and suc¬ 
cessful in representing by line and shade the finer struc¬ 
ture of organs and the texture of tissues. Dlood vessels 
and nerves are in colors. The figures are large, some of 
them over life sixe. 

An atlas, a chart, or a model may lose much of its 
value by faulty labeling. This feature lias boon given 
careful consideration. Labels are abundant and this 
abundance is reflected in the extent of tho index. The 
special problem of labeling the closely packed structures 
of some sections of the head is met by repeating the 
central part of tho plate on the opposite pnge. 

In any atlas that faithfully records anatomical prep¬ 
arations there are inevitable variations from the more 
usual anatomy. These misleading features are usually 
passed over in silence. Here they are commented on in 
the explanatory paragraphs accompanying the plates. 

The volume will serve os a highly valuable addition to 
the working equipment of coTtain clinical specialists and 
anatomists. Its contents are too extensivo for daily use 
by the first-year student but it should be made available 
to him for reference. 

JonN J. Sheinin 

Chicago Mediodl School 


Scientific Book Register 


Benedict, Manson, and Williams, Clarke. (Eds.) 
Engine eting developments in the gaseous diffusion 
process. New York : McGraw-Hill, 1940. Pp. xx +129, 
(Illustrated.) $1.25. 

Bint, Arthur Cleveland, Life histories of North 
American ihrushes t kinglets, and their allies. (U. S. 
National Museum Bull. 196.) Washington, D. C.: 
Supt. of Boeumeiits, U. 8. Govt. Fratng. Office, 1949. 
Pp. vUi + 454, (Illustrated.) $1.50. 

BtiRBTKlN, Charles L. Fundamental considerations in 
aheetheieia. Now York: Macmillan, 1049. Pp. x + 158. 
(Illustrated.) $4.00. 

Davies, Owen L. (Ed.) Statistical methods in research 
and production: with special reference to the chemical 
4ndustry. od., r*v.) New York (3): Stechert- 

Hafner; Ikmdon and Edinburgh: Oliver & Boyd, 1949. 


ft DO ELL, georoe Harold. The bee hunter. Cambridge, 
Mass.; Harvard Univ. Press, 1949. Pp, 49. (Illus¬ 
trated.) $2.50. 
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Pp. 144. $3.50. 
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VI). Paris (VI*): Masson et Cie, 1049. Pp. 979. 
(Illustrated.) 5000 fr. 

Wentzel, Gbsoor. Quantum theory of fields. (Trans¬ 
lated from the German by Charlotte Houtormans and 
J. M. Janet.) New York, London: Intersoience, 1949. 
Pp. ix+224. $^0. 

Wislsk, O. O. and Beater, B, F. Hydrology, Now 
Yorks John Wiley, 1940. Pp. xl + 419 . (XUuitrated.) 
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NEWS 
and Notes 

Wendell Latimer has resigned as 
dean of tho Col logo of Chemistry at 
tho University of California to devote 
his full time to nuclear research. Dr. 
Latimer will bo succeeded by Joel 
Hildebrand, who 1ms been both 
chairman of the Department of 
Chemistry ami dean of the College of 
Letters and Science. 

Alex J. Steigman is now serving 
as consul tan t in clinical epidemiology 
for the National Foundation for In¬ 
fantile Paralysis, in Now York City, 
where he will conduct Held work in 
early diagnosis, unimigcmont, and 
epidemiologic investigations of polio* 
myelitis. During a recent two*yoar 
period as senior follow in pediatrics 
with the National Research Council, 
Dr. Steigumii conducted investiga¬ 
tions In poliomyelitis at tho Chil¬ 
dren’s Hospital Research Founda¬ 
tion, in Cincinnati, Ohio. 

Bernard B. Watson, associate pro 
fessor of physics nt Temple Univer¬ 
sity, has been appointed specialist 
for physics in tho Office of Education 
of the Federal Security Agency. 

Paul R. Trumpler, engineer nt the 
centrifugal engineering department 
of the Clark Brothers Company of 
(Mean, New York, has been appointed 
professor of mechanical engineering 
at Illinois Institute of Technology* 

John F. Fulton, Sterling Profes¬ 
sor of Physiology, has been appointed 
Rosenbaoh Fellow In Bibliography 
for 184IM1Q at the University of 
Pennsylvania. Dr. Pulton will de¬ 
liver three lectures on “The Great 
Medical Bibliographers” on Febru¬ 
ary 2,9, and 16,1050. 

Ward Pigman, head of the or¬ 
ganic chemistry group at the Insti¬ 
tute of Paper Chemistry, Appleton, 
WfeeohilA, hoe been appointed asso- 
date professor of biochemistry at the 
Dental School 

"ihNe.; Alabama, Bir- 


William A. Ritchie, earn tor of 
anthropology at the Rochester Mu¬ 
seum of Arts and Sciences, 1ms been 
appointed senior scientist in archaeol¬ 
ogy at the New York State Science 
Service and the New York State 
Museum. Dr. Rltchio is the author of 
The pre-Iroquoian occupations of 
New York State, which was awarded 
the A. Cressy Morrison Prize in 
Natural Science in 1043 by the New 
York Academy of Science. 

James F. Bonner, professor of 
biology at California Institute of 
Technology, Karl Hamner, Univer¬ 
sity of California plunt physiologist, 
and William Albrecht, professor of 
soil science at the University of Mis¬ 
souri, are attending the Common¬ 
wealth Agricultural Specialists Con¬ 
ference in Australia. 

F. Gray Butcher, entomologist 
with the North Dakota Agricultural 
College, has accepted an appointment 
as assistant professor of zoology at 
the University of Miami, Coral 
Gables. Dr. Butcher will teach 
courses in economic entomology and 
conduct research on horticultural 
pests of the area. 

Richard Crutchfield, chairman of 
the Department of Psychology at 
Swarthmore Coliego, will spend the 
academic year as visiting professor at 
the University of California at Berke¬ 
ley. William C. H. Prentice has 
been mode associate professor and 
acting chairman of the Swarthmore 
department. 

Visitors to U. S. 

D. Hans F. HSusler, of the De- 
partinent of Pharmacology, Univer¬ 
sity of Grnf, Austria, returned home 
on August 16 after spending three 
months at medical centers in this 
country and Canada. Dr, Haulier's 
visit was sponsored by the Rocke¬ 
feller Foundation. 

Pedro Rerules, ear, nose, and 
throat specialist from Montevideo, 
is spending a month here. Dr, 
Regules will visit the army hospitals 
at Philadelphia and New York, 

Resent visitors at the National 
Bureau of Sthhdards Included K. H. 
Chen, hmtnwtor at the National In¬ 
stitute of Health, Central Hospital, 


Nanking, China; P. M. Militate, 
astronomer, Dominion Observatory, 
Department of Alines and Resources, 
Ottawa, Canada; Henrik Norden- 
felt, engineer from Stockholm, Swe¬ 
den; Henry G. Sutton, director, 
Sutton Tool and Gauge Manufactur¬ 
ing Company, Ltd., Victoria, Aus¬ 
tralia; Gilbert Rate, bend of the 
Textile Laboratory, Uulvorsity of 
Ghaut, Belgium ; J. Shone, physician 
with the Ministry of Health, Andrews 
Memorial Hospital, Kingston, Ja¬ 
maica; and Jack Hampton Willis, 
advisor on manufacturers* problems, 
with the Australian Wool Realization 
Commission, Australia. 

George Addison, plant geneticist 
in the I ust i t u to A gronomico do 
Norte, Belem, Para, Brazil, is visit¬ 
ing hero for six weeks to consult 
with American geneticists. Mr. Ad¬ 
dison will spend a week conferring 
with officers of the Department of 
Agriculture in Washington and will 
then tour northern and eastern states. 

Grants and Awards 

The American Institute of Nutri¬ 
tion announcoa tlmt nominations are 
now being solicited for the 1650 
Mead Johnson and Company B» 
Complex Award, the Borden 
Award In Nutrition, and tho Oi- 
bome and Mendel Award, to be 
presented at the annual mooting of 
the institute noxt spring. These 
three 41,000 awards are made an¬ 
nually. 

The Mead Johnson Award is given 
to the laboratory or clinical research 
worker in tho U. S. or Canada re¬ 
sponsible for the publication during 
the previous calendar year of the beet 
scientific report dealing with the 
field of the B-eomplex vitamins. The 
Borden Award Is given to U. S. or 
Canadian investigators in recogni¬ 
tion of distinctive research empha¬ 
sizing the nutritive significance of 
milk or dairy product components. 
It is made primarily for the publica¬ 
tion of specific papers but may be 
given for important contributions 
over an extended period of time 
and may be divided between two or 
more investigators. The Osborne 
and Mendel Award is given to the 
investigator whe lms made tho most 
significant published contribution in 
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the year preceding the annual meet¬ 
ing or who has published a aeries of 
contemporary papers of outstanding 
merit AU nominations must be in 
tiie hands of the Nominating Com¬ 
mittee by January 16 7 I960. The 
nominations, which can be made by 
anyone, should be accompanied by 
d&ta relative to the research of the 
nominee. Membership in the insti¬ 
tute is not a requirement for eligi¬ 
bility. 

The National Research Council of 
Ottawa, Canada, has awarded two 
Merck post-doctoral fellowships in 
the natural sciences for 1949-50. 
The grants have been made to £>. A. 
I. Goring, of the Department of 
Physical Chemistry at McGill Uni¬ 
versity, who will study colloid science 
at Cambridge University, England; 
and M. J. Miller, of the Institute of 
Parasitology at Macdonald College, 
Canada, who will continue his re¬ 
search in medical parasitology and 
Clinical tropical medicine at the 
School of Tropical Medicine, Univer¬ 
sity of Calcutta, India. 

Smith, Kline and French Lab¬ 
oratories, Philadelphia, has awarded 
traveling fellowships of $5,000 each 
to Edward B. Ferguson, Jr., of Tu- 
lane University, and Charles J. Sen¬ 
der, of Cornell University. Dr. Fer¬ 
guson will study the physiology of 
the kidney at Cambridge University, 
and Dr. Kensler will conduct phar¬ 
macological research at Oxford Uni¬ 
versity. 

Colleges and Universities 

The University of Notre Dome’s 
radiation chemistry project, for¬ 
merly supported in part by the Of- 
flee of Naval Research, will frpm 
now on be operated under the auspi¬ 
ces of the Atomic Energy'Commis- 
sion. The project is devoted en¬ 
tirely to solution of fundamental 
problems in. radiation chemistry and 
will handle none of the technological 
features involved. Fields now under 
investigation Include the effects of 
high energy radiation on Ionic solids 
end on organic compounds end solu¬ 
tions, the mechanism of chemical 
prosesees involving nuclear recoil, 
end radiation chemical monitoring. 
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Studies on aqueous systems and pro¬ 
tophotosynthesis are planned. Train¬ 
ing of workers is an important part 
of the program. Faculty members 
who will direct work in the project 
include Milton Burton, Andrew J. 
Boyle, William H. Hamill, John L. 
Magee, and Russell R. Wiliams, Jr. 

The University of Maryland and 
the Naval Ordnance Laboratory 
will establish an Institute of Fluid 
Dynamics and Applied Mathematics, 
at the university this fall. Directors 
of the institute will be Kampe de 
Ferriet, of thB University of Lille, 
now a consultant to NOL, and Alex¬ 
ander Weinstein, member of the NOL 
Mechanics Division. 

Meetings and Elections 

From June 22 to June 28,1949, the 
University of Denver was host to a 
group of physicists who gathered in 
Idaho Springs, Colorado, near the 
Inter-University High Altitude Lab¬ 
oratory at Echo Lake, for a Sym¬ 
posium on Cosmic Rays. The meet¬ 
ing was remarkable for the attend¬ 
ance, for the number and importance 
of the papers presented, and, not 
least, for the excellent organization, 
due mainly to Profs. Cohn and Iona 
of the University of Denver. 

The discussions* centered on four 
major subjects, namely (I) proper¬ 
ties of mesons (discussion leaders: 
Anderson and Brode); (2) nuclear 
interactions of cosmic rsys (dis¬ 
cussion leader: Rossi); (3) pri¬ 
mary radiation (discussion leaders: 
Wheeler and Schein); and (4) air 
showers (discussion leaders: Bethe 
and Greisen). Reports on previous 
investigations concerning these vari¬ 
ous subjects had been prepared by 
the discussion leaders and distributed 
to the participants, so that the work 
of the conference could be focused 
on the most recent developments. 

During the discussion on the prop¬ 
erties of mesons, Barkas reviewed the 
results obtained at Berkeley on me¬ 
sons produced art idol ally by means 
of the cyclotron and the synchrotron. 
He presented tentative data on cross 
sections for meson production by a- 
particles, protons, neutrons, and y- 
rayS of different energies, as weti as 
the latest values for the masses of 
the *" and the p-meeon (215 and 280 
electron masses respectively) and 
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for the mean life of the ji-mesan 
(0.68 x 10~* sec). Among the results 
concerning * * natural * 7 ^-mesons, one 
may mention a new mass determina¬ 
tion by Anderson, based upon the 
measurement of the maximum energy 
of their decay electrons, which gave 
a value of 217 electron masses. 

Much of the discussion on nuclear 
interactions of cosmic rays centered 
on such questions as the cross sec¬ 
tions of various elements for these 
interactions and the nature of the 
secondary products. Many of the 
physicists attending the meeting de¬ 
scribed new experimental results, ob¬ 
tained at mountain altitudes or with 
balloon and rocket experiments and 
bearing more >or less directly on these 
questions. During the discussion, a 
number of interesting and spectacu¬ 
lar pictures were presented, obtained 
both with the cloud chamber method 
and by means of the newly developed 
photographic emulsions that &Te sen¬ 
sitive to particles with minimum 
ionization. Some remarkable pic¬ 
tures by Peters and Brndt were pre¬ 
sented, showing the disruption of 
heavy primary cosmic ray particles 
in their collisions with nuclei of 
elements contained in photographic 
emulsions and some cloud chamber 
pictures of Tinlot and Gregory, 
showing the production of high en¬ 
ergy photons in the interactions of 
cosmic ray neutrons with nuclei of 
lead and aluminum. 

The first part of the discussion on 
the primary radiation concerned 
geoma gnetic effects, with special 
emphasis on the latitude variation of 
the nucleonic component of cosmic 
rays and of the heavy primary parti¬ 
cle*. The second part of the dis¬ 
cussion dealt mostly with experi¬ 
mental results on the nature of pri¬ 
mary cosmic rays obtained by means 
of rocket and balloon experiments. 
From these results it appears that 
between 80 and 90 percent of the 
primary rays are protons, the rest 
being heavier nuclei, mainly helium 
nuclei (Peters, Nye). No appreci¬ 
able number of electrons or photons 
seem to be present in the primary 
radiation Hulsizer, Nye). 

During the discussion on air 
showers, Goeeonl and other* de¬ 
scribed recent experimental results 
concerning tike relative abundance 
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and the spatial distribution of the 
various kinds of particles (electrons, 
mesons, nucleons) that form these 
showers. Blatt presented some new 
developments in the theory of the 
lateral distribution of the electronic 
component. Betfce suggested a tenta¬ 
tive theoretical picture for the devel¬ 
opment of an air shower, describing 
it as a chain of nuclear interactions 
initiated by the arrival upon the 
atmosphere of an extremely ener¬ 
getic proton. Each nuclear interac¬ 
tion gives rise to several secondary 
nucleons, ^-mesons, and neutral mes¬ 
ons. The neutral mesons immedi¬ 
ately decay into photons, which then 
undergo cascade multiplication. 

Bruno Rossi 

The Society for Applied Spec¬ 
troscopy will meet October 4 at 
8 p.m. at the Socony-Vacuum Train¬ 
ing Center, 03 Park Row, New York 
City. Ralph H. Muller, of New York 
University, will speak on ‘‘Inatru 
mental Methods of Analysis. J * 

Tht 34th Annual Meeting of the 
Optical Society of America will l*> 
held at the Hotel Statler, Buffalo, 
New York, on October 27-29, 1949. 
The program includes a symposium 
ou microscopy and invited papers on 
the following subjects: “Electron 
Microscopy,” by L. Mar ton, Na¬ 
tional Bureau of Standards; ”Infra¬ 
red and Raman Spectra of Crys¬ 
tals, f ’ by Donald F* Horning, Brown 
University; “Analysis of Segre¬ 
gates in Alloys, M by J. Convey, 
Canadian Bureau of Mines; “Spec- 
troflhemical Research in the Union 
of South Africa/* by A, Strasheim, 
National Physical Laboratory, Pre¬ 
toria, South Africa; “The Eye and 
the Camera, * * by George Wald, Har¬ 
vard University; and “High Pre¬ 
cision Measurements with Simple 
Equipment,** by A. 0. 8 . van Heel, 
Technical University, Delft, Holland, 

A conference on mechanisms and 
evaluation of antiseptic activity will 
W held in New York City October 
under the auspices of the Biol¬ 
ogy Section of the New York Acad- 
omy of Scieaces. The Friday after* 

to the 

antibiotics, Friday evening to qua* 
ammpninm eompoends and 
by high 


surface activity, and Saturday morn¬ 
ing to the halogens, mercurials, al¬ 
cohols, and other agents, as well as 
high temperature. Attendance will 
be limited to members of the acad¬ 
emy and invited guests. Scientists 
interested in participating may ob¬ 
tain further information from Mrs, 
Eunice Thomas Miner, Executive Di¬ 
rector, New York Academy of Sci¬ 
ences, Central Park West at 79th 
Street, New York 24, New York. 

The Second Annual Nucleonics 
Symposium, sponsored by the Insti¬ 
tute of Radio Engineers and the 
American Institute of Electrical En¬ 
gineers, will be held at the Hotel 
Commodore in New York City on 
October 31-November 2. The pro¬ 
gram will include a round-table dis 
cussion on “Evaluation of Radiation 
Hazards,” and an address by Karl 
T. Compton, chairman of the Re 
search and Development Board of 
the National Military Establishment. 

The Fluid Dynamics Division of 
the American Physical Society will 
hold a symposium at the University 
of Virginia December 28-30 on 
“Irreversible Processes in Fluid Dy¬ 
namics.” Five half-day sessions 
will be devoted to energy transport 
and exchange, viscous and plastic 
flows, mass transport and fluctuation, 
entropy changes in irreversible proc¬ 
esses, and energy transfers in shock, 
flame, and detonation fronts. In 
addition there will be one half-day 
session for contributed papers. Re¬ 
quests for accommodations by non- 
members should be sent to the Sec¬ 
retary, School of Physics, Roubb 
Physical Laboratory, University of 
Virginia, Charlottesville, Virginia, ns 
soon as possible. 

The Chemistry Section of the 

AAAS will hold its annual meeting 
in New York City on Friday and 
Saturday, December 30 and 31, in 
the Statler Hotel, Two symposia 
are being planned, one by George 
G looker, of the State University of 
Iowa, on “Progress in Chemistry,” 
and another by Robert 8. Shelton, of 
the William S. Merrel Company, on 
'‘Some Recent Advances in Medici¬ 
nal Chemistry. * 1 Papers for a gen¬ 
eral Session are solicited. Titles add 
abstracts should be sent to Dr: E. F. 


Degering, Department of Chemistry 
and Chemical Engineering, Amour 
Research Foundation, Technology 
Center, Chicago 16, on or before 
October 3. 

The American Society of Mam* 
malogists, at its 29th annual meet¬ 
ing in Washington, D. C., elected the 
following officers: president, Tracy 
1. Storer, University of California; 
vice-presidents, Lee R. Dice, Univer¬ 
sity of Michigan, and William J. 
Hamilton, Jr., Cornell University; 
corresponding secretary, Donald F, 
Hoffmeister, University of Illinois; 
recording secretary, Robert T. Orr, 
California Academy of Science; 
treasurer, Viola S. Schantz, U. 8. 
Fish and Wildlife Service; and edi¬ 
tor, William H. Burt, University of 
Michigan. 

At a recent meeting of the Board 
of Trustees of the Worcester Foun¬ 
dation for Experimental Biology. 
Charles B. Huggins, professor of 
surgery at the University of Chicago, 
George W. Calver, of the U. S. Navy, 
nnd Ralph F. Gow, executive vice 
president of* the Norton Company 
were elected trustees for a term of 
four years. 

The American Society for 
Metals has elected the following offi¬ 
cers for the coming year: president, 
Arthur E. Focke, research metallur¬ 
gist for the Diamond Chain Com¬ 
pany, Indianapolis, Indiana; vice 
president, WalteT E. Jominy, staff 
engineer at the Chrysler Corporetion. 

Deaths 

George Hugh Henderson, 56, O. 
E. Smith Professor of Physics, Pal- 
bouaie University, Halifax, Nova 
Scotia, died on June 19 on route to 
New Brunswick on a fishing trip. 
Professor Henderson was well known 
for his researches in radioactivity 
and ip the study of pleochroio halos. 
He was a fellow of the Royal Society 
of London and of the Royal Society 
of Canada. 

Carlos G. Botes, 64, a fellow of 
the Society of American Foresters 
and veteran of 42 years of reseoreh 
work In the tVS. Forest Service, died 





of a heart attack at bb borne in St. 
Paul on July 22, Since 1028 l)r. 
Bates bed Ijoen attached to the Lake 
States Forest Experiment Station 
In St, Paul, 

Donche Rostov, 52, biologist, died 
at Ilia borne in Soda, Bulguria on 
August 10 after a long illness. He 
had been working on a Bulgarian 
translation of the works of Midiurin, 
the Soviet biologist, at the request of 
the Bulgarian government. 

John Frederick Speck, 29, re¬ 
search associate in tbe Department 
of Biochemistry at the University 
of Ohieago, died August 18 in an ac¬ 
cident while mountain climbing in 
the Frenek-ltalian Alps, Dr, Speck 
was on leave of absence from the 
University of Chicago and had been 
a Rockefeller Fellow in the NofceJ 
Institute at Stockholm, Sweden, since 
iHSt fall. 

Frank Thone, 88, biology editor 
of Science Service, died August 25 of 
a heart at took in Washington, D. 0. 
A specialist in plant ecology, Dr. 
Thone joined the staff of Science 
Service ill 1924. In 1948 be received 
a Westinghouse award for din 
tingulshed science writing. He was 
the author of Trees and flowers of 
Yellowstone National Fork and The 
microscopic world. 


A new periodical, Angiology, The 
Journal at Peripheral Vascular Dis¬ 
eases, will begin publication in Feb¬ 
ruary 1950. Saul S. Samuels, chief 
of the Department of Peripheral 
Arterial Diseases, Stuyvesunt Poly¬ 
clinic Hospital, Now York City, wUl 
be editor-in-chief. Among associate 
editors in the U. S. are Alton Ochs- 
aev, of l’ulane University; Keith 
Grimson, of Duke University; Leo 
Loews, of Long Island Medical Col¬ 
lege^ D. W. Kramer, of Jefferson 
Medical College; and Gerald Pratt, 
of New York University Medical 
School. The journal will be pub¬ 
lished by the Williams and Wilkins 
Ginnpai^y and sold at a subscription 
price of 88.00 a year. 

■ ■ The Japarmae Jouroel oi Expert 

mm whWhy it 
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censed publication in October 1941, 
was the most important English 
language journal of Japaneee medi¬ 
cine, resumed publication with Vol¬ 
ume 20, No. 1, March 1, 1940. The 
Army Medical Library bos a few 
extra copies of this rolgme for dis¬ 
tribution upon request to interested 
libraries that did not receive it. 

Recently Received— 

Research Today: New Research in 
Antibiotics. (Spring issue.) Is¬ 
sued by Lilly Research Labora¬ 
tories, Eli Lilly and Company, In¬ 
dianapolis 6, Ind. 

Critical Requirements for Research 
Personnel: A Study of Observed 
Behaviors of Personnel In Research 
Laboratories. American Institute 
for Research, Pittsburgh, Pa. 
Fishery Statistics of the United 
States 1945. (Statistical Digest 
No. 18, Fish and Wildlife Service, 
published in 1949.) For sale by 
Supt. of Documents, U. S. Govern¬ 
ment Printing Office, Washington 
25, D. C. at *1.50. 

Symposium on Thermodynamics. 
(Sponsored by the International 
Union of Pure and Applied Phys¬ 
ics. Held in Brussels, January 
3048.) In French and English. 
Printed by J. A R. Sennac, Paris 
IX«, France, 

Studios in Experimental Zoology: 
Regeneration, Experimental Em¬ 
bryology, Endocrinology by A. 
Elizabeth Adams. (3rd. ed.) 
Order from Edwards Brothers, 
Inc., Ann Arbor, Mich. 

Anais da Assocint^o Quiraica do 
Brasil. Publicodos trimestral- 
mente by Associncwo Qulraica do 
Brasil, Caixa, 1815, S, Paulo, 
Brasil. 

Institute of Metals (reprints from 
March 1949 Journal): Constitu¬ 
tion of Aluminum-Copper-Magne¬ 
sium Alloys; Crystallite Theory of 
Strength of Metals; Relation be¬ 
tween the Degree of Order and the 
Lattice Parameter of Cn„Au; and 
Pure Platinum, of High Reoryfctal- 
ttaation Temperature, Produced by 
POwer Metallurgy, Institute of 
Metolsi London <&W.l),Englaud. 
Tablet of Scattering Functions for 
Spherical Particles (Nathmal Su- 
roan Of Standards Applied Mathe- 


Septerober 2, 1949, VoL 110 


matics Series #4). Obtainable 
from Supt. of Documents, U, 8. 
Government Printing Office, Wash¬ 
ington 25, D. C. 45? a copy. 

Diet in Relation to Reproduction and 
the Viability of the Young (Pari 
X): Rats and Other Laboratory 
Animals, by F. C. Russell. (Com- 
monweulth Bureau of Animal Nu¬ 
trition, teeli, comm. 36,) Order 
from Central Sales Branch, Com ' 
monwealth Agricultural Bureaux. 
Penglnis, Aberystwyth, Gt. Brit 
ain, rrico 6/- sterling. 

List of Scientific Papers publithe*f 
in the Middle East, compiled b' 
Unesco *s Science Cooperation 
Office, Cairo, Egypt. 

Bibliography on Sprays by Kalman 
J. DeJtihnsz. Published by The 
Texas Company, Refining Dept,, 
Technical and Research Div., 185 
E. 42ud Street, N. Y. 

Make Plans for— 

The Board of Governors of the 
National Speleological Society will 
meet October 1 ut the American 
Museum of Nuturul History, New 
York City. 

Electron Microscope Society of 
America, annual meeting, October 6- 
8, National Bureau of Standards, 
Washington, D. C. 

Society of American Foresters, 

national meeting, October 11-13, 
Olympic Hotel, Seattle, Washington. 

American Standards Society, 31st 
annual meeting, belabor 11-14, Wal¬ 
dorf-Astoria Hotel, Now York City. 

Electrochemical Society, 96th an¬ 
nual convention, October 12-15, La 
Salle Hotel, Chicago, Illinois. 


Correction; it was errone¬ 
ously stated in the August 26 
issue of Science (p, 220) that 
the December 29 A A AS em¬ 
porium On Botany 4n th$ Service. 
e/ Mankind would be held at . 
the Uotel St«ticr* The sessiea 
Will lie held in fhe Winter 
Garden of the Hotel McAlpin, 
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Hie Concept of Action as a Measure of living Phenomena 

Martin Ruderfer 
Brooklyn , New York 


T HE HISTORY OF SCIENCE is the history 
of measurement. The enormous strides made 
in the last three centuries in astronomy, phys¬ 
ics, and chemistry can be directly traced to 
the ability to measure and compare forms of inert 
matter with precision arid consistency. The balance, 
the scale, the clock, and their countless derivatives 
were the major source of facts upon which the inert 
sciences were nurtured. 

Today increasing emphasis is being placed upon the 
study of living phenomena. But here an imposing 
barrier to progress exists: The measuring techniques 
which are the foundation of the inert sciences are not 
convenient for the measurement of living phenomena. 
The mass and dimensions of a rock, for instance, may 
remain remarkably constant from day to day, and 
year to year, whereas the mass and dimensions of a 
living thing, because of the growth and death process, 
food consumption, and other factors, are inherently 
variable with time. Furthermore, these properties 
cannot be as precisely defined for living things as for 
inert things. For example: What are the character¬ 
istic dimensions of an amoeba T In interspecies com¬ 
parisons of mass, how are hair, bones, horns, hoofs, 


largest animal. The desideratum is therefore a meas¬ 
urement which quantitatively nnitea these two proper¬ 
ties, contains no other components, and is capable of 
being precisely determined. 

Since the units of these properties are respectively 
energy and time, the physical concept of action sug¬ 
gests itself, for action is the product of energy and 
time. This choice is not adventitious, because action 
is one of the most important properties of inert 
matter. The macroscopic properties of inert things— 
gravitation, electromagnetic propagation, and mechan¬ 
ics—have been summed up in a single law, the Prin¬ 
ciple of Least Action; with the exception of entropy, 
action is the only invariant property that has survived 
the relativity theory; the curvature of space-time is 
determined by the action existing at each point in the 
universe; and finally, the most important quantity in 
atomic physics is a quantum of action—Planck’s con¬ 
stant, h . Nature’s emphasis on action strongly sug¬ 
gests it as a universal quantitative measure of life. 

Calculation of Living Action 

Action is defined as the time integral of energy. 
Expressed mathematically it is 


nails, etc. to be considered! Is the height of an ani¬ 
mal the distance from top of shoulder—or head— 
above ground, or the distance from end of tail to tip 
of nose—or horn! Thus* uncertainty and variability 
in the mass and dimensions of living things vitiate the 
accuracy of their measurement, no matter how pre¬ 
cisely obtained, and serve to preclude the application 
of the mass-length-time system to living phenomena. 
If this barrier were removed, Le., if a universal meas¬ 
uring rod were made available for the biological sci¬ 
ences that eodld fonu the basis of a system of meas¬ 
urement similar to the masNengtb-fciroe system m the 
physicist sciences, then immeasurable benefits could be 
" expec 

upon which such a measuring rod could be based. 

throughout ita ^ifo apan. Second, 
basafiniteiif^^ 

t« «Q fiviag mbcteaoee from the amgl« edi 1 to the 


A=J T Udt, (1) 

where U represents energy, T time interval, and A 
action. It has been shown by Rubner (34) and by 
Atwoter and Benedict (3) that the Law of Conserva¬ 
tion of Energy holds for living things to within 1 per¬ 
cent. Since the life span of a living thing can be 
measured very precisely, to within n fraction of 1 per¬ 
cent, its total action can be accurately determined by 
equation 1. 

The energy expenditure of Hying things occurs at a 
finite rate, and it is this rate that is experimentally 
measured. Since 

du/&t*p, (a> 

where JP is power, equation 1 may be more con¬ 
veniently expressed by 

A*ff T P&$*< (8) 

Many forms of living power, such as input, output, 
ItaSj growth, and muscular power may be substituted 
'aud’ d®terihi^ a corresponding form of 
living ^ of this article 

aRihepower ^ 
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the purpose here is merely to introduce an experi¬ 
mental basis lor the application of action to the study 
of living matter* Calculations based on basal metabo¬ 
lism Trill serve to illustrate the technique and permit 
a preliminary investigation into the nature of the 
variation of living action. Basal metabolism is espe¬ 
cially suited for this purpose since it is easily and 
accurately measured, fairly constant, and one of the 
most important physiological properties of life (d), 
and considerable data are already available. 

The generally accepted definition of basal metabo¬ 
lism is used in this report—namely, the basal (stand¬ 
ard minimum) energy consumed by the living thing 
per unit of time per unit of body surface area. Basal 
power is therefore the basal (standard minimum) 
energy consumed per unit of time. If basal power is 
represented by P b and basal metabolism by M, then 
P h *M8, (4) 

where S is body surface area. This definition of baaal 
power is generally synonymous with the term total 
basal metabolism in the literature. 

For small animals it is feasible to make direct 
metabolism measurements from birth to death to 
determine the individual's power characteristic. For 
large animals, and especially mau, this method is im¬ 
practical An alternative is to determine the average 
characteristics of the species by means of n cross-sec¬ 


tion survey. The basal action of an individual can 
then be determined if the deviations of its life span 4 
and basal power from the average are known. 

A study of basal metabolism well suited for the 
calculation of basal action is that made on American* 
by Boothby, Berkson, and Bunn (0). Only basal 
metabolism values, M, were reported, however, so that 
it is nodpB&ary to know the surface area characteristic 
of the average individual to obtain the desired basal 
power characteristic, P^ This is tantamount to ob- * 
taming the weights and heights of fthe average male 
and female American, since the Surface area used by 
Boothby et aL was calculated from the DuBois and 
DuBois formula: 

S =.007184 H °•*» ' (5) 

where W is the nude body weight in kilograms, H is 
the unshod standing height in centimeters, and & is in 
square meters. 

Values of average weight, height, and basal metabo¬ 
lism for all ages are listed in Table 1, along with the 
calculated surface area, basal power, basal energy, 
and basal action. The results are shown graphically 
in Figs. 1-3. 

The gap from 0 to 6 years in the report by Boothby 
et aL is supplemented by results from Benedict end 
Talbot (tf). The latter report, one of the most com¬ 
plete for the infant period, ie consistently low (5, 82). 


TABLE i 

Basai, Action op the Average White American 


Exact Weight, Height, 

age. nuile unshod 

yrs kg cm 

MAH? Female Mate Fern ate 


Surface 

area 

m* 


Bn*, met.* Baaal power Basal energy 
Cttl/m B /hr Cal/day g-cul*10* 


Male Female Male Female Mate Female Male Female 


Basal action 
g-cal-tr x 10* 

Male Femate 


in 





0.014 

0.483 

00.1 

57.0 

729 

661 



045 

046 

3.0 

15.1 

14.8 

96.5 

95.7 

0.025 

0.617 





0,72 

0.68 



4.5 





0.731 

0.724 

54.9 

51,7 

064 

690 



8.84 

2,22 

0.0 

21,6 

21.4 

117.7 

116.7 

0.840 

0.8J2 





1*78 

1,66 



7,5 





0.901 

0.941 

02.4 

46.5 

1194 

1085 



7,71 

T.24 

9.0 

30.1 

80.0 

184*8 

183.8 

1.007 

1.061 





8.0® 

2.87 



10.5 





1.182 

1490 

48.0 

45.7 

1862 

1806 



16.99 

15,87 

12.0 

40.0 

42.2 

140.8 

1614 

1.801 

1.341 





4*68 

4*29 



18.5 





1.480 

1480 

40.0 

42.5 

1618 

1509 



80.79 

28.78 

16.0 

M.D 

58.8 

1674 

161.0 

1.807 

1655 





6.86 

5,98 



10.5 





1.783 

nm 

40.5 

88.8 

1891 

1471 



49.81 

46.57 

18.0 

64.0 

56,1 

175,2 

162.9 

1.790 

1.690 





8.41 

7.54 



19.5 





1.804 

1.605 

42.2 

36.6 

1829 

1440 



7548 

6948 

21.0 

ess 

574 

At 

4. 

1.814 

1.611 





1048 

9.06 



22-5 

67.4 

6T.6 

it 

4. 

1.821 

1.617 

40.9. 

864 

1790 

1400 



106.87 

96.48 

27.5 

69.8 

594 


■'44 ■ 

• 1.844 

1.684 





14*86 

1&41 



32-5 

71.3 

60,6 

4, 

ii ; 

1.864 

1.650 

89.8 

85.8 

1760 

1418 



85879 

220.70 

87.5' 

72.8 

624 

,f ** '■ 

4* 

1.881 

1.668 





90;®5 

17*59 



42.5 

78.9 

«8*e 

41 

(4 

1.893 

1.685 

88.0 

85.5 

1T28 

1487 



401.68 

896*0® 

47.5 

T4.6 

64.® 

■M ' 

44 v 

1.802 

1.700 






8^51 


■ v ■ : : 

52.5 

75,1 

65.7 


4* 

1.900 

i.Td®; 

W.7 

84,0 


1894 



:..V fWA® 


5T.5 

T5n 

65.7 

' 

■ -*v,. 

1.904 

1.709 






2M0 



ean 

74.9 

654 


' ** 

1.903 

1.791 

80.0 

82*7 

im 

1887 

* ■/- S ';• 

' I /* 

1067#t 


C7j5 

74.9 

*44 

*4 ; 

'!■ 44 

1.908 



•• .'!■!•' ’’ 




».7t ' 



72.5 

, r- 




1.808 



m 


/j#4lS 



. 
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Kiu. 1. Weight and height o t average white American. Kl °- *• 1,111,111 power, haaal energy, and liana 1 action m 

average white American. 


so that a correction factor has been applied. This 
factor for males and females is given in Table 2. 

Eleven sources of average weights and heights (1, 
2, 4, 7, 10, 16, 18, 22, 31, 36, 38), carefully chosen 



Pta, 2a Surface area and banal metaboUam of average 
white American. 


from the literature, provide the basis for the weight 
md height characteristics. These studies, which were 
selected for anthropometric accuracy, period in which 
the research was carried out, and type and number of 
subjects, fail naturally into two age groups: preadult 
and adult. 

The preadult group is composed of five sets of aver¬ 
ages from diverse sections of the United States (1, SO, 
1$, M, Si)J The agreement among the sources is 
#Wd. For tbe adhlt perted* atatistics available far 
fchisofcudy are those of the MsdwibwtuarW mortality 
Although collected prior to 1910, these 


insurance statistics give a reliable variation of adult 
weight nnd height with age which, it is assumed, is 
essentially similar for all generations. The adult and 
preadult weight curves fit smoothly because the in¬ 
surance statistics were obtained with subjects clothed, 
thus counterbalancing the increased weight of the 
modern generation. The curves of Weisse (36) and 
the 1924 U. S. Army Officers examination (7) verify 
the shape of the adult weight-age curves. Adult 
height is assumed constant after maturation. This is 
confirmed by existing studies when allowance is made 
for their cross-sectional nature. 


TABLE) 2 

Correction Factor kok Dbtbrminino Babai, Metabqlihm 
or Chi lor bn 


Exact 

wyr 

Basal metabolism 
Cal/mVhr 

B *"^ ,ct Other 

Talbot tovattlfator* l 

Ratio 

other 

Investigator* ; 
Benedict 
and 

! Talbot 

8.26 

44.7* 

Female* 

58.7* 

1.201 

3.75 

88.8* 

83.8* 

1.851 

4.25 

42.8* 

51.7* 

1*208 

a.su 

41.07 

50,6t 

1.231 

7.50 

40.5t 

48.5t 

1.1B8 

Average *. 



.... 1.238' 

3,36 

47.8J 

Unto. 

88.7* 

1.166 

a,7o 

47,$: 

54.7* 

1.158 

4,14 

46.77 

57.4* 

1.228 

6.50 

44.47 

6S,0t 

1,108 

7.50 

48.77 

52.41 

1.108 

Average , . 



.... 1.180 


* Attar Robb mh 
t After Boothbr «t dl <*). 

t Interpolate# from eorVM of Benedict and Talbot (#). 
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The surface area characteristics are given by equa¬ 
tion 5 and the bnsal power characteristics by equation 
4- The basal power peaks at 17 and 14 years for the 
male and female respectively are due to a combination 
of high basal metabolism and rapid increase in size 
(surface area) in adolescence. The secondary peak 
in average female basal power at age 44 is undoubt¬ 
edly connected with the menopause. 

Integration of the power curves yields the energy 
curves; integration of energy yields the action curves. 
The integrations were accomplished by arithmetic 
summation of small age increments, the increment 
being one year to age 26, and two years past age 26. 

The latest available life expectancy figures show 
male life expectancy for 1946 to be 65.1 years and 
female 70.3 years ( 37 ). Interpolating from the corre¬ 
sponding action data gives 1164.7 x 10 9 gram-calorie- 
years for the basal action of the average American 
male and 1154.1 x 10° grnm-cnlorie-years for the aver¬ 
age American female. The mean is 1159 x 10° gram- 
calorie-years, or 1.53 x 10 27 erg-seconds. 

Invariance of Basal Action 

Although this investigation demonstrates tho calcu- 
lnbility of living action, it gives no direct information 
on variation within the species. This variation is im¬ 
portant, for the less it is, the more useful action will 
be as a quantitative tool. Pending direct experi¬ 
mentation, an insight into the nature of this variation 
may be obtained from a comparison of male and 
female basal actions. 

If the life span of each individual is so related to 
its basal power that action is constant, i.e., so that 
eqnntion 3 produces the same value for all members 
of the species, then variation in action would be zero 
and independent of the variations in P& and T. On 
the other hand, if there is no correlation between 
and T, then, since action is effectively power multi¬ 
plied by life span, the variation in action, measured 
in terms of its standa rd deviation, o a , would be of the 
order of V<r/» 2 + try 2 . In this ease < 7 tt is not zero and 
is greater than the standard deviation in P h or T. 
The correlation between P h and T may therefore serve 
as a measure of the invariance in action. 

For zero variation in action, T and P* must be in¬ 
versely related in a manner determined by equation 3. 
Thus, an inverse relation between life span and power 
consumption is a sign of relative invariance in action, 
and the more this inverse relation approaches the one 
which produces constant action, the more invariant 
action becomes. 

The greater male power consumption, approxi¬ 
mately 15 percent, and the lower longevity, 7.68 per¬ 
cent, compared to females shows an inverse depend- 
eat* «f Pfc ftt least for sex. The ses differ¬ 


ence in action, on the other hand, is only 0.91 percent; 
or 8.4 and 16 times less than the sex difference in life 
span and basal power respectively. However, before 
considering the significance of this it is first necessary 
to make sure that the near equality of male and female 
basal actions is not a chance phenomenon but a real 



Pig, 4. S«x difference In life expectancy vs. life expect¬ 
ancy for nverage White American. 


First, the reliability of the sex difference is greater 
than that of the actual values of basal action. Parallel 
studies of male and female metabolism, weight, and 
height tvere used throughout, so that inaccuracies due 
to the combination of different sources of data tend 
to cancel out in the sex difference. Thus the accuracy 
of the sex difference is not materially affected by 
errors introduced by the piecemeal method of calcu¬ 
lation. 

Second, the choice of life expectancy data is not 
critical. Both life span and size of the average Amer¬ 
ican have increased in the last few decades. The in¬ 
crease in size is small and may be neglected here, but 
the increase in life span is appreciable. Its effect 
on the action sex difference is shown in Fig* 4. The 
solid line is obtained by assuming a value of action 
and determining from the curves of Fig. 3 the corre¬ 
sponding male and female life spans. The sex dif¬ 
ference in life span is then plotted against the average 
of the two. The broken line gives tbe actual sex dif¬ 
ference in life expectancy vs. average of mole and 
female life expectancy for 1920 to 1946 (14, $7). 
This shows that as average man approaches the poten¬ 
tial life span of the species, i.e.» that given by the life 
curve of old persons, the condition for equal male end 
fmhsic actions is also being approached. Tfaatthere 
is a natural limit to the potential span of life is clearly 
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indicated by life expectancy figures, for there has been 
no significant change in the life expectancy of old 
persons in the last half-century although average life 
expectancy has increased about twenty years (24), 
Furthermore, this natural limit has almost been at¬ 
tained by the 1940 group. The use of the 1946 life 
expectancy values is thus justifiable* 

Third, the first or third integral of power may also 
have a significantly low sex difference as well as the 
second integral. Emphasis on action would then be 
unwarranted, despite the philosophical arguments in 
its favor. Actually, the values lor the first integral 
of power (basal energy) for the 1946 group are 37,80 
and 34.49 x 10 y gram-calories for the male and'female 
respectively, giving a sex difference of 9.10 percent. 
Similarly, calculation of the third integral of power 
(integral of action) yields a sex difference of 8.71 
percent. These values, which are 10 and 9.6 times the 
action sex difference respectively are not small enough 
to be considered. 

It is unlikely, then, that the near equality of aver¬ 
age male and female action can be attributed to 
fortuitous circumstances, This poses the intriguing 
possibility that the inverse relation between average 
male and female power and life span is such that 
action is invariant within narrow limits. Although 
direct quantitative data of the kind required to gen¬ 
eralize this hypothesis appear to be lacking at present, 
it is nevertheless possible to confirm the existence of 
a general inverse relation between power and life 
span which supports invariance of action for other 
species and conditions. For purposes of analysis, 
variation in power consumption is considered with 
respect to five factors: sex, race, climate, magnitude 
of power consumption, and shape of power character¬ 
istic. The effect of these upon life span is sum¬ 
marized os follows: 

I. Sex. 

A. In a series of experiments on Daphnia magna, 
MacArthur and Baillie found that the metabolic 
rate as measured by heart beat is higher and life span 
lower for the male, while the product of the two is 
approximately the same for both sexes {19). 

B. Landauer and Landsuer (17) studied the higher 
mortality rote of male chicks and reported that “There 
is ample evidence for the conclusion that the higher 
metabolic rate of males [of all species] is not com¬ 
pensated by a different organisation of the organism, 
but is actually brought about by a more rapid or more 
continuous functioning of the organs and cells of the 
mole body. ,, . It appears that there are no observa¬ 
tions which are inconsistent with [this] assumption.” 

C^ Basal power of male rate is greater than that 
,whose, life span is greater (Si), 


D. Male life span has been reported shorter for 
Drosophila melanogaster (86) and others (80), and 
male basal power greater for swine, cattle and sheep 
(II), and others (80). 

II. Race. 

A. The wild strain of Drosophila normally has a 
life span three times as long as the vestigial strain. 
Pearl controlled the environment of 3,632 flies of both 
types by administering no food after birth (S0) 9 and 
found that under the equivalent conditions, the vee- 
tigial strain, which is smaller than the wild type, lived 
slightly longer. 

B. In man racial and national differences in metab¬ 
olism exist, but life span data are not equivalent ex¬ 
cept when two or more races, nations, or peoples exist 
side by side under the same conditions. The Jews, 
for instance, are one of the smallest peoples (15) and 
lienee have a low basal power, but are also noted for 
their longevity (55). 

III. Climate. 

A. MacArthur and Baillie found that temperature 
had a profound effect on the length of life of Daphnia 
magna (19). The mean life span of both sexes was 
increased over four times for both sexes by a 20° C 
decrease in environmental temperature. 

B, In cold-blooded animals increase of environ¬ 
mental temperature increases both metabolic rate and 
rate of senescence (18). 

IV. Magnitude of Power Consumption. The com¬ 

ponents of basal power, surface area (size), 
and basal metabolism may each independently 
affect life span. 

A. Effect of size. 

1. Life insurance companies have carefully 
studied the relation of size to life span for many 
decades. One reports (39) : “Studies show that body 
girth and length of life vary inversely with each other. 

. . , Overweight is distinctly detrimental to health and 
tends to shorten life.” 

2. The majority of centenarians are small in 
size and are frugal eaters (55). 

B. Effect of metabolism. Physical and psychic 
factors may affect basal metabolism. 

1. Physical exertion. 

a) Slonaker found that voluntary exer¬ 
cise in albino rats decreased the life span 18.8 percent 
compared to a control group that was given no facili¬ 
ties for exercise (55). 

b) In an exhaustive study, Pearl dis¬ 
covered that continued bard labor reduces the tile 
span after the age of 40, but not before (87). Since 
his subjects were insured persona who had been in 
tbjOir respective, occupations most of their lives, those 
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in hard-working occupations always had an above- 
normal power consumption, and hence used up their 
•apply of action at an early age. It is interesting 
to note that, since deaths of healthy but hard-working 
persons begin to occur at the age of 40 and not before, 
as Pearl found, then the maximum sustained physical 
exertion that normal man can tolerate over a long 
period of time increases power consumption to such 
an extent that the normal value of action, and con¬ 
sequent death, are attained soon after the age of 40. 
Any greater exertion would presumably incapacitate 
the worker early in his eareer and prevent further 
labor at this extreme rate. 

2, Psychological factors affect basal metabo¬ 
lism through the reaction of the endocrine system. 

a) Pearl, in a study of more than 2,000 
individuals who lived to the age of 90 or more (2$), 
was able to find only one significant trait among them, 
outside of their longevity, wherein the group differed 
from the rest of mankind as a whole: their calm 
mental make-up. They all were possessed of a placid 
temperament, were relaxed, and were rarely worried. 

b) Brody points out that mental factors 
causing insecurity and tension shorten the duration 
of life in many ways (12). 

c) Married persons live considerably 
longer than unmarried persons (5). The security 
and regularity of wedded life probably reduce the 
tension and insecurity that more often accompany 
the single state, as psychoanalysts and sexologists 
assert, with a consequent increase in life span of the 
average married person. 

d) Urban dwellers have a much lower 
life expectancy than rural people, although the gap 
is gradually decreasing (15). An explanation of this 
difference may lie in the greater excitement and un¬ 
certainty of city life, a major sooiophysiologicai dif¬ 
ference between rural and urban life. The fact that 
newspapers, rapid transport, movies, and the radio 
are gradually bringing the tension and competitiveness 
ot modern life to rural regions probably accounts for 
the lessening of the gap. 

C. For single eells, it is a well-known cytological 
fact that, in general, increase in food consumption 
of cells produces a decrease in life span (interval 
between successive mitoses), and vice versa. 

V. Shape of the Power Characteristic. Since action 
is the double integral of power, variations in 
the power characteristic in early life, owing 
to retarded or accelerated growth, for instance, 
most have a large effect on the life span if 
ariion is eonstent 

A* MeCay and Qrowefl retarded the growth of rats, 
using a normal balanced diet but a limited calorific 


intake until maximum growth was attained (21). Ais 
a result, the life span of the group increased consider- • 
ably with respect to a control group. Males benefited 
more than females, probably because male power con¬ 
sumption decreased more from its norm. 

B. In the same article, McC.iy and Crowell report 
the resalts of experiments on brook trout whose rate 
of growth was restricted by limitation of their protein 
intake to a very low level. As a result, the life span 
of the trout increased to twice its normal value. 

% 

C. Northrop (23) has shown thi^t the life span of 
fruit fiies depends upon the rate of growth (length 
of time in the egg-larval-pupal period). 

D. In experiments on cantaloupe seedlings, Pearl 
und his associates found the duration of life to be 
inversely proportional to the rate of energy expendi¬ 
ture during the growth of the seedlings (£5). 

E. Besides variations in rate of growth, there may 
be alterations in the shupe of the power characteristic 
caused by prolonged illness. Generally, illness causes 
a reduction in activity, food intake, and weight, thus 
bringing basal power to a lower level. Pearl, in his 
study of the long-lived, found an abnormally large 
number who had been ill for a long period (29). 
Morbidity and mortality are totally different phe¬ 
nomena, and are often inversely related. 

The primary requirement of any measuring rod is 
that it must be accurately obtainable. There are at 
least three major methods of determining the power 
properties of living things: by controlling or meas¬ 
uring *the calorific intake, by obtaining the heat out¬ 
put, and by analyzing the respiration. All three 
methods are well known, and with careful application 
are amenable to very accurate evaluation, comparable 
to that obtained in the physical sciences. When 
power is combined with life span to form action, the 
resultant is still accurate, since life span can be 
measured precisely. 

Either indirect (cross sectional) methods, where a 
large number of subjects are studied in a short period, 
or direct (longitudinal) methods, where the same in¬ 
dividual is followed throughout his life span, may be 
used. The choice depends largely upon the life span 
of the species being studied. Plants, insects, and 
small animals may be readily followed from birth to 
- death, under conditions which simulate the natural 
environment of the species, by confining one or a 
specified number to a calorimeter or airtight chamber, 
or by administering a measured diet. With longer- 
lived species this becomes impracticable and the in¬ 
direct croee-sectional technique must be resorted to. 
Cells, which should make very convenient subjects 
because of their abort life span, may be res dily studied 
directly under the microscope, or by the cross-sectional 
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technique in vitro , A whole series of indirect experi¬ 
ments which quantitatively measure the relation be¬ 
tween power and longevity is also possible, such as 
those based on the starvation and seedling experiments 
of Pearl, exercise tests of Slonakcr, and rate of growth 
tests after Northrop, and Me Cay and Crowell. In 
sum, experimental possibilities for measuring living 
action are diverse, and cover the entire range of living 
phenomena* 

The applicability of action to ail forms of living 
matter suggests its use ns the basis of a precise taxo¬ 
nomic scale, for the species may be arranged in as¬ 
cending order according to their action values. At 
first this may seem ambiguous, since the elephant, 
which has a greater power consumption than man 
but a comparable life span, would be higher on the 
.scale. The complexity of the nervous system, how¬ 
ever, appears to be the most important factor in 
evolution, so that nerve action (or cerebral action) 
based upon the power consumed by the nervous system 
(or cerebrum) may be the most desirable action prop¬ 
erty for expressing the phylogeny of the species. It 
should be feasible to study evolution as a function 
of the characteristic nerve or cerebral action of each 
species. 

The flexibility of living action is an important 
feature from an experimental point of view. Biolo¬ 
gists and physiologists often have to deal with certain 
portions, rather than the whole, of the living thing. 
Since each cell may be represented by a finite action, 
any group of cells may also be represented by a 
finite action. This enables the experimenter to deter¬ 
mine the action associated with any portion of the 
body, such as heart, eye, reticulo-endothelial system, 
or glands, which may also be extended to determining 
the intensity of a, disease, calculating the action asso¬ 
ciated with tumors, cancel’s, and other abnormal con¬ 
ditions, and even to measuring the magnitude of epi¬ 
demics occurring in the species as a whole. 

The different forms of action also have special sig¬ 
nificance. Basal action is based upon the minimum 
power consumption required just to maintain life and 
therefore is probably related to the basic processes of 
species organisation; output action, based Upon power 
output, represents the “action” of the individual on 
the universe, and therefore has physiological signifi¬ 
cance when viewed with respect to muscular work, and 
social significance when regarded in terms of the work 
performed; total action measures the amount of 
energy-time absorbed from the outside world and is 
consequently indicative of the “action” of the uni- 
individual; nerve and cerebral actions, 
as mentioned, are associated with evolution ; loss ac¬ 
tion, obtained from internal power losses of the body, 


are probably connected with Senescence and death; 
growth action, based upon power expended for 
growth, should yield information pertinent to the 
study of pediatrics, child development, and hus¬ 
bandry; and so on. 

Because of the predominant role of the nervous 
system in living things, nerve action has interesting 
possibilities as a measure of mental and nervous phe¬ 
nomena. It is significant that the reaction of a neuron 
to a stimulus is of the nature of a constant of action, 
generally measured as an notion potential. Unlike 
most other types of body cells, nerve cells that die 
are irreplaceable. If the inherent action of neurons 
is fixed, then the life span of each nerve cell is de¬ 
pendent upon the number of times it is stimulated. 
The death of critical nerve cells may thus precipitate 
senescence and ultimately lead to death. Which cells 
are the critical ones, and how their action may be 
extended, are subjects warranting investigation. 

Nerve or cerebral action may also be used as a psy¬ 
chological tool. Associations and motor patterns are 
created by a finite system of nerve cells, as corrobo¬ 
rated by the existence of the learning curve. The 
energy-time relation for the creation of these pat¬ 
terns and Associations may therefore be represented 
by a finite quantity of action, so that mental phe¬ 
nomena, such as the formation of a neurosis or psy¬ 
chosis, memorisation, habits, and learning, nmy be 
assigned a definite magnitude. This magnitude can 
be measured, since it is dependent upon the quantity 
of external action producing the stimuli. The cerebral 
action associated with the learning of a maze by a rat, 
for instance, is dependent in part upon the energy 
and time the rat spends in the maze. 

It is evident that the mere caloulability of action 
permits many applications, regardless of variation 
within the species. It is also evident, however, that 
if living action proves to be relatively invariant its 
usefulness will be greatly enhanced. A11 character¬ 
istics of life have some variation, and it is very un¬ 
likely that there is no variation whatever in living 
action. The evidence is admittedly inconclusive, but 
the near equality of average male and female basal 
actions and the existence of a general inverse relation 
between power and life span point to a relative in¬ 
variance at least for basal and total actions. These 
findings indicate that the combination of power and 
life span to produee action is not factitious, and may 
have a natural origin. 

Constancy of basal or total action affords a means 
for predicting life span. This technique is not en¬ 
tirely novel; insurance companies have been using it 
indirectly for some time in ©orrelatingsiae and lon¬ 
gevity. It is also a common observation that the rate 



SCIENCE 


September 9, 1949, Vol. 110 


of living is inversely proportional to life span, as of action wonld mean that a gain in longevity at the 

Rubner, Pearl, Brody, and other scientific invests expense of power consumption is not real gain, but 4 

gators have realized for some time. But the pos- only a relative one, and that efforts to extend the 

sibility that action is the determinant may lead to existence of a living thing should be directed toward 

more refined predictions. In this context, constancy increasing its total action. 

* 
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TECHNICAL PAPERS 


Plant Growth-regulating Properties of 
Some Nicotinium Compounds 

John W. Mitdwli, J. W. WirwUU, and Uopold Wail 

Bktmk of Plant Industry, Soils, and Agricultural 
Engineering, Belts ville, Maryland, and 
Eastern Regional Research Laboratory, Bureau of Agrl- 
cutural and Industrial Engineering, US. Department 
of Agriculture, Wyudmoor, Pennsylvania 

Six related tricotinlum compounds have been found to 
possess growth-regulating properties when tested on bean 
plants. These include: parachloroben*ylnieotlniam ch&- 
■ r ; B,4-dichloro‘ 

r iNi^ chloride, ortheeblowbensylnieotiidiun 

i thtoeyanate, b en ffi^ and orthoehlwo- 


benzylnicotinium bromide* Applied to bean plants, these 
compounds brought about a reduction in stem elongation 
without typical gall formation or other form changes 
commonly observed in the use Of other plant growth-regu¬ 
lating chemicals. The compounds were systemic in effect 
when applied to stems. The effects were expressed by il¬ 
luminated plants ** well as by others grown in darkness. 

2,4-Dichlorobensylnicotixiium chloride (2,4-DNOl) was 
the most effective, f mg per plant greatlyinhibitingekm- 
gation of plants grown in darkness and to a lesser degree 
tiie elongation of ilftuninated ones. 

To test the offset of 8 ^ 4 ^$ op plants 
darkness, potted snap bona seedlings of the tfotai* 
tine variety, germinated in a greenhouse, wore aebeted 
for uniformity at a stage Of development wlten only the 
hypocotyls were surf seegg;;s^. 

Half of the plants applying approKtmatoly 
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50 mg of lanolin paste containing 20% of Tween 20, 79% 
of lanolin, and 1% of 2,4-DNOl. The mixture was spread 
us a band about 5 mm wide around each hypocotyl. The 
remaining plants were left untreated and both groups 
placed in darkness. Extension of stems of the treated 
ones was retarded a noticeable amount during the first 
48 hr following treatment, but there was no apparent 
affect on their diameters. There was a marked difference 
in the length of the bypocotyls and of the first internodes 
of the treated and the untreated plants (Fig. 1). 

At the end of 13 days hypocotyls of treated plants were 
approximately half as long as comparable parts of un¬ 
treated ones. First internodes of treated plants were 
about ono-fourth the length of comparable parts of the 
untreated seedlings. Leaves of treated plants were equal 
to or slightly larger in size than those of untreated 
plants. Treated seedlings grown in darkness for 10 dayB 
were comparable in appearance to vigorous field-grown 
plants of a similar age, except that they were not green 
in color, while untreated ones showed the spindly growth 
expected in plants grown in darkness. 

After 13 days of darkness, the average fresh weights 
of hypocotyls, first internodes, third internodes, and ter- 
iiiiiiaI Imds of treated plants were significantly less than 



Ptth 1- At left, elongated stems of Black Valentins bean 
eeftdlfog* grown in darkness■; compared with short thick 
stems that developed on comparable plants at right, treated 
Vlth S^khterobeneylnlcotintum chloride. Plants grown in 
<Hvmplete darkness and photont>bwi iso hr after treatment. 


253 

comparable parts of untreated plants. In contrast, the 
fresh weight of primary leaves of treated plants was 
28.2% greater than that of primary leaves of untreated 
ones. The total fresh weight of the aboveground portions 

TABLE l 

Length and Thickness (in mm) or Stems ok 
Illuminated Bban Seedlings Treated with 
Related Nicotinism Compounds Compabbd 
with That or Untreated Plants 


Treatment 

o 

£ 

SJ 

First 

In tern ode 

Second 
intern ode 

Total 

height 

3 a> 

’S'? 
s £ 

Q .5 

Untreated 

95 

, 62 

41 

246 

2.42 

Purneblorobenzyl- 
nlcotlulum chloride 

04 

34* 

28* 

186* 

2.91* 

3,4-d 1 eh loro benzyl- 
nlcotlnlum chloride 

80 

30* 

20* 

176* 

3.09* 

2,4-dlchlorobenzyL 
nlcotlnlum chloride 

81 

25* 

17* 

148* 

4.49* 

Benzylnicotlnium 

bromide 

05 

33* 

831 

208f 

2.74* 

Orthochlorohenzyl- 
nlrotlnlum bromide 

81 

S3* 

25* 

176* 

3.00* 

Orthochlorobenzyl- 

nlcotlnlum thiocyanate 

80 

39* 

22* 

168* 

8.15* 


* Significantly different from control nt 1% level, 
t Significantly different from control at 8% level. 


of treated seedlings was 12.3% less than that of the un¬ 
treated. 

In testing the effect on the growth of illuminated 
plants, Black Valentine bean seedlings were selected for 
size and uniformity and divided into groups. One group 
was left untreated and designated controls. Each of the 
others was treated by applying approximately 50 mg of 
the above lanolin paste containing, separately, the six 
mcotinium salts, as a band around the first internode of 
each plant. 

Length of the hypocotyls was not affected (Table 1), 
but all treatments resulted in a highly significant reduc¬ 
tion in the length of the treated portion of the stemB 
(first intemode). The most marked effect (59.7% re> 
duction) resulted from the application of 2,4-DNOl. All 
treatments brought about a significant reduction in 
length of second internodes and in the total height of the 
plants. 2,4-DNOl was most effective in reducing the 
over-all height (66.1% less than control) and benzyl - 
nicotinium bromide was least effective in this respect. 

All of the compounds used brought about a significant 
increase in the diameter of the stems, the greatest in¬ 
crease (85.6%) resulting from the application of 2,4- 
DNC1. 

A group of bean seedlings was selected for uniformity 
and used to test the effect of 2,4-DNOl whan applied to 
different parts of the plant. Fifty mg of lanolin paste 
(containing 0.5 mg of 2,4-DNOl as previously described) 
was applied to each plant. Plants in respective groups 
*ere treated by applying the past* either aaobwhd 
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around the hypocotyl, as a band around the first inter- 
node, as a thin layer along the midrib of one primary 
leaf, or as a thin layer on the cotyledons of each plant. 
Comparable controls were similarly treated with lanolin 
containing 20% of Tween 20 but no 2,4-PNCI, 

Ten days after treatment there wore marked differ¬ 
ences in the way the plants had responded. Treat,raont 
of the first internode reduced stem length by 33.5%. 
An equal amount of 2,4-DNCl applied to the hypocotyl 
reduced stem length by 22.8%, while tho Bame amount of 
chemical applied to the leaf brought about only a 7% 
reduction in stem elongation. Treatment of the cotyledon 
had*no significant effect on stem elongation, although tho 
cotyledons were fleshy when treated and remained at¬ 
tached for several days following treatment. It is ob¬ 
vious from those results that the effectiveness of 

2.4- BNCl in inhibiting intcrnodal elongation varied, de¬ 
pending upon tho part of the plant treated. 

Beau plants in different stages of development were 
used to compare the eff ect of 2,4-BNCl on stem elongation 
of plants in different stages of maturity. Seedlings se¬ 
lected for the first group were about 3 in. tall and their 
hypocotyls wore still increasing in length. Plants in the 
second group wore 4-5 in. tall, their hypocotyls had nearly 
completed elongation, and the first internodes were elon¬ 
gating. Plants in the third group were 6-7 in. tall, the 
hypocotyls had reached maximum length, and the first 
trifoliato leaf was beginning to unfold. Part of the 
plants in each group were treated by applying 50 mg of 
the paste containing 2,4-BNCl as a band around the 
hypocotyl of each plant. The remaining plants in each 
age group were left untreated for comparison. 

During the following 10 days, stem elongation of the 
youngest treated plants was reduced by 35.8% and of 
those in tho medium age group by 28.<J%, whereas treat¬ 
ment of the oldest plants reduced atom length only 6.2% 
in comparison with elongation of comparable untreated 
plants in each age group. 

With respect to molecular configuration of the com¬ 
pounds used, there was a statistically significant differ¬ 
ence between the activity of th§ three chloridos, Para* 
chlorobenzylnicotinium chloride was least effective, 

3.4- dichlorobenzylnicotinium chloride was somewhat more 
effective than the parn form, and 2,4-dichlorobenzylnico- 
tinium chloride was very effective in reducing internodal 
elongation. The three compounds assumed the same order 
of activity when classified on the basis of their effect on 
stem diameter. Differences between the activity of the 
compounds evaluated on this basis were highly significant 
from the statistical standpoint. 

With respect to the two bromides used, the substitution 
of one chlorine atom In the ortho position in the benzene 
ring significantly increased activity when evaluated either 
on the basis of the inhibition of stem elongation or in¬ 
crease in stem diameter. 

In preliminary experiments the following coal tar de¬ 
rivatives* have been found to bring about responses in 

*C<wd tar derivatives prepared by Or. C. P. Woodward and 
Dr. D, H. Saunders, Eastern Regional Research Laboratory. 
Wyadaumr, Pfousyfroota, V 


bean plants similar to those that resulted when the nico 
tiilium compounds were applied; 2,4-dichlorobenzylpyri- 
dinium chloride, 2,4-dichlorobenzyl-2-picolinium chloride, 

2,4-dichlorobenzyl-3“pieolimum chloride, and 2,4-di eh loro 
beiizyi-4-picolinium chloride. Tho effect of those coal tar 
derivatives on plant growth is being studied further. 

V 

Conduction in Photoconductive PbS Films 

Hubert M. James 

Purdue University, West Lafayette, JndiJna 

. SohuowbIu, Rtarkiewicz, and Simpson (£) have pro 
dueod photoconductive J’bS films which contain both Pb 
and O atoms as impurities, in concentrntious (lO^/cm*) 
that are, for semiconductors, relatively high. The Pb and 
O atoms tend to make the film an n-typo or p-typo semi¬ 
conductor, respectively. Photoconductive sensitivity do 
mauds a very careful balance of theme impurities to make 
the conductivity a minimum; this occurs, presumably, 
when Pb and O impurities are present in equal numbers. 
Variations in the densities of tho two impurities will then 
cause the film to consist of p and n regions interspersed. 
Tho very high resistance of the film is attributed to the 
p n barriers, and the photoconductive effect to the re¬ 
duction in height of these barriers by tho redistribution 
of electronic charge produced by illumination (photo 
voltaic effect). 

> This note presents some extensions of these ideas, and 
conclusions as to tho film structure desired for maximum 
photosensitivity. 

First,-it must be noted that purely random fluctuations 
in the densities of the two types of impurities can pro 
duce important fluctuations of the conductivity and 
potential within the film. Consider, for instance, tho 
most homogeneous possible film containing 10 1 ® O atoms 
and I0 1D excess Pb atoms per cm*. A 1-p, cube will then 
contain about 10 T atoms of each type. Random fluctua¬ 
tions in these numbers, from cube to cube* will be of tho 
order of VHP. The excess of one impurity over tho 
other (net impurity density), which determines the char¬ 
acter of the conduction in a region, will be on the a verage 
some V 2 x 10 y =4.5 x lO* Atoms, or about the number of 
impurity atoms in an equal volume of an ordinary semi¬ 
conductor with 5 x 10’* impurities/cm 1 . For larger re¬ 
gions the fluctuations in net impurity density will be less; 
in smaller regions the potential fluctuations discussed in 
the next pararaph cannot follow closely the fluctuations in 
Impurity density. The 11 homogeneous 94 film considered 
here will thus in effect consist of u and p regions, of the 
order of I f* in diameter, with conductivities ranging 
from the intrinsic Intel to values of the order of those 
produced by 30* impurities of one type per omV 

Fluctuations in net impurity density may cause im¬ 
portant fluctuations of potential in the film, even when 
they do not involve the appearance of %-p barriers. In an 
Ideal homogeneous semiconductor the Fermi tdeVel is ex 
tremriy sensitive to changes In the relative numbers of 
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» and p t imparities, when these are present in nearly 
equal numbers. At low temperatures this sensitivity is 
particularly greet: a very small preponderance of one 
impurity over the other will shift the (*level to the neigh¬ 
borhood of the corresponding impurity level. In an in¬ 
homogeneous semiconductor in equilibrium the (-level is 
fixed, but the electrical potential undergoes corresponding 
fluctuations as the relative number of impurities shifts. 
The variations in potential will be larger the lower the 
temperature (Fig. In, b) becoming important when the 
number of thermally excited carriers falls below the net 
impurity density. Taking the width of the forbidden 
band in PbS as 0.385 ev, and the effective electronic mas* 
equal to the real electronic mass, one finds the number of 
intrinsic electrons to be 1.5 x 10 M /cin* at 300“ K, and 
2.10 x lO'Ycm 8 at 250° K. In the film considered above. 




Flo. 1, Schema lie representation of edges of forbidden 
(mnd between the full baud and the conduction bund, (n) 
Moderate temperature, no Illumination. <b) Low temperu- 
ture, no illumination. (C) Strong illumination, 

the potential fluctuations would become important around 
room temperature, and would increase significantly with 
decreasing temperature through the next 100° C. 

With inhomogeneous materials, the conductivity of 
films may bo very different from that of bulk material. 
Tn either case charges will tend to move through poten¬ 
tial valleys, along paths of minimum potential change; 
in the films hero considered current will flow most easily 
along chains of n-regions or of p-regions. A film of 
thickness 1 ^ will be essentially one region thick, and 
current flow in it will be essentially two-dimensional. If 
a- and p-regions are present in equal numbers, the proba¬ 
bility that there will exist a continuous n-path across a 
region in the direction of current flow is equal to the 
probability that there will bo a continuous p-path at 
right angles to it. Those two events are mutually exclu¬ 
sive, and each will occur with very small probability if 
the region considered is large. Only when one type of 
region is present In considerable excess will continuous 
n-paths or p-poths be available in the film; in other cases 
barriers must be traversed by the current* In bulk 
material, on the other hand, there can simultaneously exist 


networks of p - and n-regions along which conduction can 
take place, even when the two types of regions are pres¬ 
ent in equal numbers. If inhomogeneities in PbS arise 
only from fluctuations, the conductivity of a film will be 
of a lower order of magnitude than that of the bulk ran 
torial when the two types of impurity are present in 
equal amount; the two conductivities will, however, be 
comparuble when one type of impurity is so much in 
excess that fluctuations will not cause tho appearance of 
regions of opposite type. 

It is thus evident that PbS films with large, equal num¬ 
bers of Pb and O impurities will have high resistances, 
because (a) the number of conductors in any given re¬ 
gion depends on tho net, rather than the total, impurity 
concentration; and (b) p-n banrierB, as well as smaller 
fluctuations of potential, impede the flow of current. 
The conductivity decreases w r ith decreasing temperature 
because tho number of available conductors is decreased, 
but, more importantly, because the potential barriers be 
come higher. Inequality in the average density of p- and 
n-impuritics will decrease tho importance of the density 
fluctuations, and decrease the potential fluctuations, as 
well as increase the number of carriers. Maximizing the 
resistance of the film, as describod in reference f, thus 
provides a very sensitive means of assuring equality in 
numbers of the two types of impurities, especially if the 
resistance is measured at a low temperature. 

This picture of the conductivity of PbS films is sup 
ported by the observations of Chasmnr (1), who found 
that the resistance of the films falls with increasing fre¬ 
quency, bemuse of eapneitative shorting of the p-n bar¬ 
riers. The high frequency conductivity, duo to current 
flow within individual regions, remains of the order of n 
thousand times less than that of other PbS semiconduc¬ 
tors. This is due to the fact, apparently overlooked by 
Chasmnr, that the conductivity of the individual regions 
depends on the carefully minimized difference in concen¬ 
trations of the two impurity types; it would bo a thou 
sand times greater if one impurity or the other were 
absent. 

Illumination of the PbS film increases the number of 
electrons in tho conduction band and of holes in the full 
band, throughout the material. The distribution in en¬ 
ergy of the holes and electrons will not, however, be the 
same as if this effect were produced by rise in tempera 
tore. Indeed, if interactions of electrons and holes with 
the lattice are sufficiently frequent (as compared with the 
creation and annihilation of holes), the distribution in 
energy of holes alone, and of electrons alone, will con¬ 
tinue to be those corresponding to the temperature of the 
crystal lattice. The probability that an electronic state, 
or a hole state, will be occupied can then be written, «s 
usual, as 

+ 

but It will be necessary to take different (-values for the 
holes and for the electrons. As the number of electrons 
and holes is increased by increasing illumination, these 
(-values approach the edges of the conduction and full 
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bands, respectively, whatever the impurity density* Since 
each of these £-levels will be constant through the crystal, 
this involves a levebng-out of the potential fluctuations 
(Fig. 1c), which will become marked when the concen¬ 
tration of holes and electrons introduced by illumination 
becomes comparable with the net concentration main¬ 
tained by impurities and thermal excitation. This level¬ 
ing of the potential barriers, and the attendant decrease 
in resistivity, will thus occur for lower illumination the 
more exact the balancing of the two types of impurities, 
and the lower the temperature. The observation of Chas- 
mar (I), that high frequency conductivity is little af¬ 
fected by illumination, indicates that this, rather than 
any increase in the number of available carriers, is the 
important factor in the photoconductivity of these films. 
Very pure Pb$ films should also show photoconductivity, 
their low intrinsic conductivity being increased by the 
carriers produced by illumination; their sensitivity to 
illumination, should, however, be markedly less. 

It appears, then, that high photosensitivity of PbS 
films is to be sought by careful balancing of fairly high 
contents of n- and p-impurity atoms in films of the order 
of 1 n thick, made as homogeneous as possible; random 
fluctuations in impurity distribution will suffice to pro¬ 
duce the required potential fluctuations in the film. Use 
of the films at low temperatures is also indicated. 

A theoretical study of the potential distribution and 
conductivity in these films, as it depends on temperature 
and illumination, is now in progress. 
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On the Direct Fermentation of Maltose 1 

Michael J. Pelczar, Jr., and Raymond N. Doetsch 

Department of Bacteriology, Unicer tit y of Maryland, 
College Park 

During the course of isolating and identifying bacteria 
of the genus Neisseria from the nasopharynx of humans, 
several strains were encountered which fermented maltose 
with acid production while glucose was not fermented. 
The fermentation of & disaccharide without fermentation 
of either of its constituent monosaccharides (direct fer¬ 
mentation) by bacteria has been reported by Wilson and 
Smith (5). Wright (6), Douderoff et at. (I), and Snell et 
cl. (J), have reported on a strain of LaotdbaoiUus but- 
garioxu which utilized lactose but not glucose or galactose, 
such observations are not in accord with the generally ac¬ 
cepted concept of indirect fermentation, which presup¬ 
poses a cleavage of the disaccharide to Its monose constitu¬ 
ents, which are fermented as such. The subject of direct 

'JteMwrtfd in part hr a research grant from the Division 
of Research Grants and Fellowrfhlpa of the National Insti¬ 
tutes of Health, vt. K.PubUc Health RervW, 


l 

and indirect fermentation has been reviewed by Jiebowitz 
and Hestrin (£). 

TABLE 1 

pH Values Produced in Glucose and Maltoss Broth rt 
Several Strains or Neisseria 


^ Culture 

Media* 


Glucose broth 

Maltose broth 


pH 

PH 

No, 4 

8.3 

6.0 

" 12 . 

8.1 , 

5.7 

*• 55 

8,8 

6.3 

** 870 

7.B 

5.6 


* * BBL phenol red broth containing peptone and meat ex¬ 
tract, pH 7.2~7.4. The glucose ami maltose Were sterilised 
by filtration and added afleptlcally to sterile phenol red broth 
to give a final concentration of 0.5%. The pH values were 
determined after 7 days' incubation at 85* C. 

The results obtained with four cultures of Neisseria, 
when cultivated in glucose and maltose broth, are shown 
in Table 1. In each instance, the organisms produced 
acid from maltose while an alkaline reaction developed in 
the glucose medium. It may be noted that an acid re¬ 
action in the vicinity of pH 6.0 is a limiting factor for 
the growth of most Neisseria. 

Further observations were made comparing culture No, 
12 to a strain of Neisseria sicca , which ferments both 
glucose and maltose. Each of these organisms was cul¬ 
tivated in glucose and maltoBe broth for a 5-day period, 
after which the residual sugar was determined by the 
method of Somogyi (4). The culture of N. sicca effected 
complete utilization of both carbohydrates, while culture 
No. 12 utilized approximately 76% of the maltose and 
little, if any, of the glucose. In addition, experiments 
employing the Warburg manometrie technic showed that 
the oxygen uptake with cells of N. sicca was approxi¬ 
mately the same for both glucose and maltose. For cul¬ 
ture No. 12, the oxygen uptake with maltose was ap¬ 
proximately that obtained with N . sicca ; with the glu¬ 
cose, the uptake was only slightly greater than that of 
endogenous respiration. 

The maltose used in the above experiments was chem¬ 
ically pure (Pfanstiehl). All determinations have been 
repeated using maltose reerystallized from chemically 
pure maltose and treated with norite five times. No dif¬ 
ferences in results were obtained. 

These results suggest that the Neisseria described are 
capable of a direct fermentation of maltose. 
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Thymidine and Vitamin B ia * 

Marjory H. Wright 

Experimental Biology and Medicine Institute , 

National Institutes of Health , Betbesda , Maryland 

Thymidine as a growth factor for certain lactic acid 
bacteria has received attention recently because of a pos¬ 
sible metabolic relationship with vitamin B l2 . Since 
thymidine can replace vitamin B 18 in the nutrition of 
Lactobacillus lactis Dorner and X. Zeio/imanmi 4797, 
Wright et al. (5, 9) have suggested that vitamin B 12 
may be a coenzyme in the synthesis of thymidine from 
thymine. Shive (4) points out that conversely thymidine 
may be involved in the synthesis of vitamin B lz . 


contain 100 y per 10 ml of adenine, guanine, xanthine, 
and uracil. The basal medium for L . leichmannU and 
X. citrovorum was that described by Snell et aL (6) in 
which there is 100 my folic acid per 10 ml as well as 
adenine, guanine, and uracil in the same concentrations 
as above. For X. oitrovorum the Tween 80 and oleic 
acid ordinarily present were omitted. In this medium 
an increase in pH from 6.0 to 6.5 affected adversely the 
response of X. leichmannU to vitamin B 1Z , As X* citro¬ 
vorum grows equally well at pH 6.0 and 6.5, the medium 
was adjusted to pH 6.0 for both microorganisms. The 
following supplements were used in the assays: crys¬ 
talline vitamin B lz ,* a commercial liver concentrnte con¬ 
taining 15 U.3.P. units of antipernicious anemia factors, 
thymidine,a thymine, 4 and crystalline folic acid. 3 

In the case of S> faecalis R there was no response in 


TABLE 1 

COMI'AK[SON OF GHOWTH-STIMULATINd PROPERTIES OF THYMID TNB, VITAMIN Bu, 
Liver Concentrate, Thymine, and Fouc Acid 


thymidine 

10 ml Basal medium plus : 

, ■ . other 

ym ne supplements 


Galvanometer reading* 


Streptoooccus 
faccalie R 

Leuoonostoo 
citrovorum 8081 

Lactobacillus 
leichmannU 818 




30- C 

87* 

c 

87* C 

y 

y 


17 hr 

16 hr 

40 hr 

24 hr 

0 

0 

0 

98 

08 

95 

83 

0 

0 

10 my folic acid 

86 




50 

0 

0 

80 




0 

50 

0 

80 




0 

0 

1-10 my Bu 

07 




0 

O 

0.01 ml liver 


58 

89 




concentrate 





40 

0 

ot 


87 

85 


40 

O 

2 my Bu 


85 

39 


0 

0 

0.1-100 my Bu 


98 

95 


O 

40-8000 

ot 


99 

05 


0 

40, 800 

2 my Bu 


96 

90 


0 

0 

2 my But 




88 

0 

0 

2 my Bu 




44 

0 

0 

0.0012 ml liver 




41 



concentrate 





20 

0 

ot 




47 

0 

20, 200 

0 




80 

0 

20, 200 

2 my But 




61 


* Turbidity of cultures measured In an Evelyn colorimeter, 660-mu filter, with an uninoculated tube containing the 
10-ml assay volume of basal medium set at 100. 

t Growth was the same in presence or absence of folic acid, t Folic acid omitted from medium. 


As crystalline vitamin B 1S (F) is now available for ex¬ 
perimental uae, it seemed desirable to investigate further 
this presumed relationship of thymidine to vitamin B ia , 
using three strains of lactic acid bacteria, all of which 
respond to thymidine but which vary in their response 
to other growth-promoting agents. The microorganisms 
chosen were Streptococous faeoatie R, X. leichmannU 313, 
and Leuconostoe citrovorum 8081. 

The basal medium for 8. faecalis R was that of Tepley 
and Hlvehjem (S) , which contains no folic acid but does 

* Since this report has been submitted for publication, 
tgman and Prescott have also Indicated that the liver fac¬ 
tors for £, and for X. oitrovorum are not Mhm- 

rt«U. (if. UoL ehm<> 1940, If®. 528). 


40 hr to vitamin B ts , while in 36 hr thymidine and 
thymine fully replaced the requirement for folic acid In 
the ratio of 5000: 1, as described earlier by Stokes (7). 

Both thymidine and one or more factors in liver sup¬ 
ported growth of X. citrovorum to the same degree, but 
as reported previously (£) the response to thymidine 
was characteristically delayed 21-40 hr. Attempts to 
replace the liver preparations or thymidine with vitamin 
B u were repeatedly unsuccessful. The response of X. 

> Vitamin Bu supplied by Merck A Co. 

* Supplied by Lederle Laboratories. 

* Thymidine supplied by Dr. D. W. WooUey of Rockefeller 
Instltuts. 

* Supplied by Schwan Laboratories. 
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oHrovormn to thymidine in the presence of vitamin B 1J} 
was tlw same quantitatively and qualitatively as that 
with thymidine alone. Thus the liver activity could not 
bo replaced by thymidine or vitamin B ia , or by a com¬ 
bination of the two. As indicated in Table 1, thymi- 
dine supported growth equally well in the absence of 
folic acid. Of particular interest was the negative re¬ 
sponse of L, citrovorum to thymine in the presence of 
vitamin B 12 ,. 

L . leichmannii respondod promptly to vitamin R l2 in 
amounts ranging from 0.05 my to 2 my, at which level 
there is a maximal response with this strain. The 
growth-promoting effect of liver appeared to be due to 
its vitamin B lry content. Thymidine, in the presence or 
absence of folic acid, supported growth comparable in 
amount to that produced by vitamin B 12 only in the 
presence of folic acid. Thymine could substitute only 
partially for the folic acid requirement of this micro¬ 
organism. Similar results have been reported by others 

(h *> &)- 

Although thymidine and vitamin B 12 can replace each 
other in supporting growth of L. leichmannii, the nature 
of the data obtained with X. citrovorum and S. faecalis 
R does not indicate a specific thymidine vitamin B (2 re¬ 
lationship. 
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Partition Chromatography of 
Anthocyanidins 1 

Earl C, Spaeth and David H. Rosenblatt 

Department of Chtmittry, Vnivenity of Connecticut, 
Storrs 

Because of the recent reports of Rate-Smith (i, &) 
which have been concerned with partition chromatography 
of anthoeyanins and anthocyanidins on filter paper, it 
seems advisable to make a preliminary report of ouv 
progress in this field. 

In the course of some work with the coloring matter 
of wine and grapes, it became necessary to develop a 

1 The work reported here was done under contract between 
the WU» Advisory Baajrd of the Btnte of California and the 
Bnlvemtty of Connecticut. 


method for the separation and quantitative analysis of 
an anthocyanldin mixture. We thought that separation 
might bo accomplished by a modification of the partition 
chromatography method of Martin and Synge (<?). The 
anthocyn aiding, malvidin and pet unidin, wore synthesized 
according to tho methods of Robinson and co-workers 

When aolutions of these two pigments in u mixture of 
one volume of 7(-lmtanol and three volumes of ethyl ether 
wore shaken with .10% orlAophosphoric acid, almost all of 
the pigment was transferred to the aqueous layer. An 
8.1-cm column was prepared in the u^ml way (5) from 
2.38 g of silicic acid (Rimer and Amend precipitated 
wctosillcic acid; reported iron content less than 0.006%; 
reported hoavy metal content 0.00%; dried at 100* 0), 
1.32 ml of 10% orMophosphoric acid, and a mixture of 
one volume of n-bntanol and three volumes of ethyl ether. 
Flow through the column was aided by n positive pressure 
of about 26 cm of mercury. When 4 p,g of malviditi 
chloride in 0.25 ml of the n-butanol-ether mixture was 
placed on the top of the column and washed through with 
the a-butanol-ether mixture, the pigment moved in a 
single, slowly widening band with an R value (£) of 
0.35 ±0.01. The pigment band was completely eluted by 
continued flow of solvent. 

In a similar experiment with the same column, a solti 
tion of 4 pg of petunidin chloride in 0.25 ml of the 
n-butnnol-other mixture gave a single band which moved 
with an It value of. 0.41 ±0.01 and could be eluted com¬ 
pletely. These R values have been duplicated. When n 
mixture of 2 g,g of petunidin chloride and 2 ^g of mal 
vidiu chloride in 0,25 ml of the n-hutanol-ether mixture 
was placed in the same column, the single band which 
formed began to separate into two bands after moving 
about 2 cm. The R values of each of the two bands 
after complete separation were the sarno as the values 
determined with the single pigments. The first portions 
of tho colored eluate were decolorized when shaken in air 
with 10% sodium hydroxide solution, Portions represent¬ 
ing about the last fourth of the colored eluate when 
shaken with 10% sodium hydroxide solution showed n 
definite blue color which was stable in air for more than 
5 min. Similar solutions made up from petunidin chloride 
showed identical color instability to 10% sodium hy¬ 
droxide solution, while malvidin chloride solutions gave 
a blue color which was identical with that shown by the 
later el nates. Our conclusion is that the lower pigment 
band on our column is due to petunidin while the upper 
bund is due to malvidin. 

Further studies aimed at separation of larger nmmints 
of mixtures of anthocyanidins at© in progress. 

References 

1. BAtB-SMith, E. C. Nature, Loud, 1948, 161* 835. 

2. --, Bioohm* J>, 1648, 49, xlix. 

3. Beadujy, W., Robinson. It. and Bchwauebnbach* G. /. 

chem. Soc.* 1930, 793. 

4. Bradlit, W, and Robinson* R. J. chem. Boa. 1928, 1541. 

5. Mabtin, A, J, P. and grams, B, U M. Blochem. Jt J941, 

45. 1358. 



September 9, 1949, VoL 110 


SCIENCE 


A Simple Double-Surface Dialyzing 
Membrane 

L. M. Wcntzel and M. Sterne 

Onderstepoort Laboratories, Transvaal, South Africa 

Very high concentration of botulinus toxin Type D can 
bo obtained by growing the Clontridium in cellophane 
bags immersed in appropriate media ( 1 ). However, it 
is very difficult to tie the end of cellulose sausage cas¬ 
ings securely enough to prevent bacteria growing through 



Fio, 1. At left, longitudinal and cross section of appa¬ 
ratus showing close approximation of cellophane walls when 
the level of outside liquids is high. At right, same cross 
section, but shoving state when level of liquid outside cello¬ 
phane walls is low. A—Container. B—Outside cellophane 
wall. C—Inside cellophane wall. 0—Liquid outside cello¬ 
phane container. E—Liquid inside cellophane container. 

the tie. The difficulty can be overcome by pulling the 
end of the casing back through the tube. This forms a 
double-walled seamless tube. For our purpose saline is 
filled into the annular space between the walls and the 
whole tube is immersed in nutrient medium. The inocu¬ 
lum is placed in the saline. 

If the apparatus is required for dialysis, the liquid to 
be dialysed is filled into the annular space between the 
cellophane walls. As the top is left open and as the 
membrane is flexible, the levels of the liquid inside and 
outside the membrane always remain the same. By 
varying the amounts of liquid inside and outside the bag, 
the dialysing surface can be varied at will. 

Reference 

1. Folsom, A. and Storks. M, Nat*te t me, 158, 388, 


Increased Radioresistance of Red Bone 
Marrow after Anoxia 

Jerome A. Schack end Robert C. MecDufifee 

Army Medical Department Research and Graduate School, 
Washington, D. C. 

Jacobson et al. ($) have reported that the red bout* 
marrow of rabbits, in which a regenerative anemia lias 
Leon produced by phenylhydrazine hemolysis or by re¬ 
peated bleeding, shows less histological injury following 
800 r of total-body X radiation than does the normal. 
We have attempted to extend this to mice, using partial 
anoxia as the marrow stimulus. 

One hundred and forty female mice (White Swiss Bagg, 
18-20 gm) were randomly distributed into two groups. 
One was maintained at sea level pressure as control, and 
the other exposed to a simulated altitude of 15,000 ft 
(430 mm Hg) in an evacuated chamber for 10-14 hr a 
day. Both groups were kept at 25-30° C, and fed freely 
on standard chuck. 



Animals were sacrificed at intervals and the marrows 
examined as follows: Marrow from each femur wns 
smeared and stained with Wright’s stain. Late erythro- 
blasts and normoblasts were counted together as erythroid 
cells and expressed as percentage of total marrow cells. 
Since early erytbroblasts might be confused with myelo¬ 
blasts and lymphocytes by the inexperienced observer, 
only the later forms of the red series were counted. 
Smears of marrow from each femur were counted by both 
observers independently. Each point in the figure repre¬ 
sents the mean of 20 observations on five animals. 

The percentage of erythroid cells in the marrow of this 
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strain of mice was determined in 20 normal animals to 
be 10.6% ±0.2%. Brecher et al. (8) found somewhat 
higher values, reporting total nucleated red cells. 

The experimental group was maintained in the evacu¬ 
ated chamber until samples showed the ©rythroid cell 
level to have increased to 18.6% ± 1%. At this time both 
groups were exposed to 500 r of total-body X radiation 
and thereafter maintained at sea level pressure. The 
mice were placed 20 at a time in a paper box, 10 x 10 x 3.5 
cm, and irradiated with a 200-kv machine filtered with 
1 mm of aluminum and 0.5 mm of copper, and calibrated 
with a Victoreen r-meter. 

The data are presented in Fig. 1. 

The control group responded as would be expected from 
previous studies (7) und (5). There wns a rapid fall in 
percentage of erythroid ceils in the first two days, fol¬ 
lowed by a rise'from the fourth to the sixth day. This 


apparent recovery coincided with the loss of myeloid' 
elements, the percentage of erytliroid cells falling off 
again as the myeloid series recovered. 

The group which had been subjected to anoxia showed 
the same pattern to the sixth day. However, the sharp 
fall noted in days 6-9 in the control group was absent. 
The probebility that the differences between groups on 
days^, ^ and 9 were due to chance alone is 1/250. It 
therefore appears that the hyperplasia of the red marrow 
produced by exposure to low oxygen tension enhances 
the resistance of the erythroid elements of the mouse sub¬ 
sequently exposed to 500 r total-body Xf radiations. 
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Comments and Communications 


The System of Stable Nuclei 

For some time it has been known that certain preferred 
numbers, # or £ = 20, 50, 82 or 126 give exceptional 
stability to a nucleus (Elsasser, W. J. Physique Mad,, 
1933, 4, 549; 1934, 6, 389, 635; Mayer, M. G. Phys. 
Rev., 1948, 74, 235). Just recently it has been pointed 
out that in the neighborhood of £-82 and of #=126, 
nuclei with a number of protons or neutrons only ap¬ 
proximately equal to these numbers have abnormally high 
binding energies, too (Way, K. Phys. Mev. t 1949, 75, 
1448). The same conclusion had been reached independ¬ 
ently by Mr. Wnpstra of this laboratory in connection 
with his calculations of nuclear masses of natural radio¬ 
active elements (Rosenfeld, L. Nuclear force# I, Nether¬ 
lands: North-lIoJland Pub.; New York: Interscience, 
1948, pp. 525-529 and plate II). 

As an example we shall give an approximative sketch 
of a series of isotopes of a single element with neutron 
numbers between 120 and 132. Nuclei with # = 120 and 
121 will have roughly normal energy contents. The bind¬ 
ing energy of the 122nd neutron is slightly enlarged, 
which brings the energy content of this nucleus somewhat 
below normal. The following neutrons aTe again added 
with binding energies larger than normal till the nucleus 
with the preferred number # = 126 has been reached. 
This is the isotope in which the energy content of the 
nucleus lies deepest below the normal level. The 127th 
neutron is bound with an exceptionally small energy 
effect, but the nucleus as a whole still has a lower energy 
content than it would have had under normal circum¬ 
stances. It takes About four more neutrons, which are 
bound less tightly than the average, to bring the energy 
content of the nucleus back to normal, around Ns 132. 
A diagram of the the actual energy 


content of the nuclei and its interpolated normal value 
shows a horizontal line =0 below about # = 122 and above 
about # = 132. Between these values a dip is observed 
with its lowest point at # = 126. It is difficult to say 
anything definite both about the actual width and about 
the shape of this dip, but it seems likely that it is steepost 
near # = 126 and flattens out on both sides. 

Thus the stabilizing influence is not restricted to the 
exact preferred numbers but it is also active, though to 
a lessor extent, in nuclei containing a number of nucleons 
smaller or larger by a few units. These near-preferred 
numbers make a nucleus more stable than normal com 
pared to ordinary nuclei but they decrease their stability 
towards nuclei containing a preferred or a nearer pre¬ 
ferred number of nucleons. It can be demonstrated that 
a similar state of affairs occurs also in the neighborhood 
of other preferred numbers below # = 120 and Z = 82 and 
that it explains the majority of the apparent irregulari¬ 
ties in the system of stable nuclei. 

First it may be pointed out that, contrary to an occa 
sioual suggestion (SuEflfi, H. E. Zeitsokrift ftir Natur - 
forsohung , 1947, 2A, 604), the excess binding energy is 
very nearly equal in a proton and in a neutron of the 
same preferred number. Proof of this fact is to be found 
in the perfectly regular series of half-Uvea of the Z ~ 
#4-1 nuclei and in the agreement of the positron energy 
Umit of 8c 41 with the value calculated from the liquid 
drop model (Bosentkld, L. Loo . dt., p. 888). 

If the increased binding energy had occurred only in 
nuclei with “preferred numbers,” only the stability of 
these nuclei and that of the adjoining odd-mase nuclei 
would have been affected. As it is, the extra stability of 
near-preferred numbers of nucleons is expressed in the 
nuclear energy diagram as additional local valleys super 
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imposed on the main surface, which have an axis coin* 
aiding with a line indicating one of the preferred num¬ 
bers* This means that the line of maximum stability 
shows exceptionally high values of dZ/dN at # = 50 and 
# = 82 and an abnormally low value at Z = 50, 

The course of the energy valley is seen easily from the 
£ = /(#) representation of stable odd-mass nuclei. In 
this scheme, different nuclei with a constant neutron ex¬ 
cess lie on diagonals, straight lines making an angle of 
45* with both axes. Above # -82, from gadolinium on* 
wards, the course of this lino is very regular. It is al¬ 
most unaffected by the preferred numbers Z = 82 and 
#=126, as it passes very near thoir intersection. The 
average number of nuclei with constant neutron excess 
is somewhat loss than 4, at lower masses it should be 
slightly higher. The actual number of nuclei varies to 
a certain extent (3,5,3,5,2,4,2. . . .) possibly duo to irregu¬ 
larities of the energy levels in individual nuclei. The 
steepness of the £ = /(#) curve in the region of # = 50 
is seen from the fact that here nine nuclei have the same 
neutron excess 11, whereas the preceding neutron excess 
is represented by five nuclei only, and the neutron excess 
7 by three. It is equally satisfactory to find very short 
series at £ = 50, two nuclei with neutron excess 17 and 
2$ nuclei with an excess of 19. (Members of isobar pairs 
of unknown stability arc counted as t.) In the neigh¬ 
borhood of # = 82 the situation is somewhat more com¬ 
plicated. It will bo discussed presently, but here also 
the number of 11 nuclei occupying two adjoining diago¬ 
nals is strikingly high. J. H. D. Jensen und H. E. Suess 
(Naturutiaa., 1947, 34, 131) lmve stresst?d the fact that 
apart from the elements missing in nature (Z = 43 and 
£ = 61), there are also two even elements, which do not 
have an odd-muss isotope (argon with £ = 18 and cerium 
with £ = 58). In these elements the reason is easily un¬ 
derstood, as the odd mass isotopes which would normally 
have been stable, have adjoining isobars, with energies 
lowered by # = 20 and # = 82. In argon, A 37 decays to 
Cl* 7 and A* to K 1 *, In cerium, the situation is analogous, 
Ge”* being unstable towards La 1 * 0 und Ce m towards Pr m . 
(These transitions are included in Elsasscr’s and M. G. 
Mayer *s considerations*) In the region of # = 82, the 
nuclei with near-preferred numbers are stabilized suffi¬ 
ciently to cause a more extensive irregularity. Either 
La 1 * 7 (# = 80) or Pr ,4fl (# = 84) should normally have 
been stable, but because the stability is increased to a 
greater extent at # = 81 or at # = 83 than at # = 80 or 
84, the nucleus has decayed to an adjoining isobar with 
a nearer-preferred nucleon number. 

The absence of the elements £ = 43 and £ = 61 is much 
more difficult to explain. The only point which can be 
made is that if elements are lacking in nature their 
nuclear charges 43 and 61 are among the values where 
this type of anomaly is not unlikely to occur. The choice 
is governed by three considerations. First, the energy 
valley should hot be too narrow; therefore light masses 
are excluded* Then, dZ/dN should be as high as pos¬ 
sible—we must be in a steep part of the curve* (Other¬ 
wise a heavier odd-mass nucleus will always have a strong 
tendency towards a higher neutron excess.) Finally, the 


anomaly should be near the transition point between two 
diagonals. 

The system of stable nuclei of even mass can be fully 
described by the stability of the lightest and the heaviest 
isotope of each element, as all even isotopes between are 
stable too. The only exception, samarium, is easily ex¬ 
plained by the theory of M. G. Mayer, Sm m is stable 
because of its 82 neutrons, whereas Sm 1M has not been 
found. It is probably 0-stable, but it is almost cer¬ 
tainly an a-emitter, decaying to Nd 14a , because the a*® 11 
ergy is increased by tho latter’s number of 82 neutrons- 

According to E. Feenberg (Rev. mod . Phys., 1947, 19, 
239) single even isobars arc to be expected among 
masses > 150. These are indeed observed at regular 
intervals in and above erbium, and also in and below 
germanium. Between these elements the only single iso¬ 
bars found—apart from Nd 14a , which should have had 
8m 140 as its isobar—are Sr M (# = 50), Zr 80 (# = 50), Sn n * 
(£ = 50), and Ce 1M (# = 82). These four are preferred- 
number nuclei, but this docs not in itself provide an ex¬ 
planation of tlie absence of isobars. The real reason is 
that the adjoining odd-odd isobars have an increased 
binding energy too. This makes possible tho decay, via 
this non rest-preferred nucleus, of the unstable even-mass 
isobar, in which the stability is increased to only a smaller 
extent. From the general course of the observed limits 
of 0-stability one can easily see which isobars of the 
nuclei mentioned would have been stable if near-preferred 
nuclei had had normal energy contents: Zr** (decays 
through Y“), 8r w (through Y*°), Te 1 " (through 8b lu *), 
and Nd 140 (through Pr 140 ) or Bn 140 (through La ,w ). Ce j4 \ 
too, would have been a stublo nucleus under normal con 
ditions. As it is, Pr 144 , with # = 85, has an energy con 
tent sufficiently decreased to make possible the 0-decay 
of Ce 144 . The instability of the even isotopes mentioned 
explains why in these elements the odd-mass isotopes lie 
quite asymmetrically between th e even ones. An addi¬ 
tional reason is the shift of stability in odd-mass nuclei 
towards # = 82. 

Whereas the limits of 0-stability are narrowed whore 
a preferred number lies between them, they are widened 
in cases where the line indicating such a number runs 
near but outside oue of the limits. In this case an extra 
even nucleus may be stabilised by the fact that it is 
nearer-preferred than the odd-odd nucleus through which 
it would have decayed under normal circumstances. This 
effect is seen in the triple isobars, of which four sets 
exist, at masses 96, 124> 130 and 136. Of these Bn 1 * 4 
(£ = 60) and Xe“* (# = 82) are stabilised by preferred 
numbers but Ru w (# = 52)—though it is difficult to say 
whether this nucleus is outside the normal 0-stability 
limits or not—and Te w (£ = 52, # = 78) owe their in¬ 
creased stability to near-preferred numbers. There can 
be little doubt that the exceptionally high abundances in 
ruthenium of the lightest isotopes—which are much rarer 
in Other elements heavier than arsenic (Frank, F. C. 
Proc . phys. 8oo., 1948, 60, 211)—and in tellurium of the 
heaviest isotopes are due to the same stabilizing influence. 

A> H* W. Am, .Tn. 

Institute for Nuclear Research, Amsterdam 
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a-Naphthaflavone as an Indicator in lodometry 

Many workers employ starch-test solution ns the indi¬ 
cator of choice in iodometric titrations. The effective¬ 
ness of starch solution may depend upon the temperature, 
the amount of free iodide present, the presence of other 
salts and acids, the kind of starch used, and the method 
of preparation of the starch solution. Although the end 
reaction is usually accompanied by a blue color, or some 
shade thereof, the color obtained in iodine-starch combina¬ 
tions, depending upon the factors mentioned, may be at 
times violet or golden yellow. Unless freshly prepared, 
starch solutions will decompose because of bacterial ac¬ 
tion ; furthermore, the presence of suitable preservatives 
(Samuel, W. A. Chem.-Anal., 1948, 37, 33) results in 
interference with color reactions in micro determinations. 

In studies on the use of minute quantities (ppm) of 
free iodine in water disinfection, we found that starch 
solution was not a suitable reagent and would not reveal 
the presence of free iodine in very small amounts. 

When a-naphthaflavone, xanthones, quinones, and 
phthaleins are introduced into iodine solutions they 
usually produce blue-colored addition products. A search 
of the literature revealed that G. Barger and W. W. 
Starling ( J. chem. Soc . Trans. London , 1915, 107, 411) 
first noted the production of a blue color with a-naphtha- 
tiavone and free iodine. This also was reported by H. 
Kreundlich (Physical, chem. Grundlagen der Kolloid - 
chemie. Leipzig, 1924; English translation, Barger G. 
The elements of colloidal chemistry. New York: E. P. 
Dutton, 1924. P. 67), M. Hahn and eo-workers (Hahn, 
M r Schutz, F., and Pavlides, S. Z. Byg. Infekttionskr., 
1929,109, 530), and J. F. Keith (Pharm. Weelcblad, 1929, 
66,1097). 


Keith was the first worker to employ a 0.1% alcoholic* 
solution of a-naphthaflavone as the reagent for titrlmetric 
examinations and for the colorimetric analysis of free 
iodine solutions. 

In our studies investigating the use of free iodine in 
water, especially in swimming pools, it was necessary to 
have available a very sensitive reagent or indicator to 
detecHfree iodine in amounts of leas than 1 ppm. Wn 
found that a 0.1% alcoholic solution of a-nuphthafiavour 
was stable and was more sensitive than starch-test sob* 
tion in revealing minute quantities of free iodine. Con¬ 
centrations as low as 0.1 ppra were readily detected, 
whereas starch reagent required at least 10 ppm of free 
iodine for the production of a sensitive color reaction. 

. In determinations where the free iodine concentrations 
were large (from 10 to 100 ppm), the color produced 
when using the a-nnphthaflavono reagent varied from 
brown and brownish-blue to blue and violet. Quantities 
of free iodine loss than 10 ppm revealed varying degrees 
of a blue, violet blue, and violet color. 

Louis Gershenfelo and Bernard Witljn 
Department of Bacteriology, 

Philadelphia College of Pharmacy and Science 


Erratum 

In my communication “Toxicity and the Chemical 
Properties of Ions M in the August 19th issue of Science, 
the ionic field was printed ns pi (p. 194, second column, 
third line from bottom). It should be r*, Le. the recip¬ 
rocal of the square of the ionic radius. 

William Sbifrijs 

University of Pennsylvania 


Scientific Book Register 

Craigie, E. Horne. Bentley's practical anatomy of the 
rabbit . (8th ed.) Philadelphia: Blakiston, 1948. Pp. 
xii + 391. (Illustrated.) 84.25. 

Duke-Eijjer, Stewart. The practice of refraction, (5th 
ed.) St, Louis, Mo.: C. V, Mosby, 1949. Pp. xiv + 317. 
(Illustrated.) 80.25. 

Fibber, Louis F., and Fibber, Mary, Natural products 
related to phenantkrene. (3rd ed.) New York: Rein- 
hold, 1949. Pp. xii + 704. (Illustrated.) 810.00. 

Hewitt, Richard M», et at. (Eds.) Collected papers 
of the Mayo Clinic and the Mayo Foundation. Phila¬ 
delphia: W. B. Saunders, 1949. Pp, xli + 918. (Illus¬ 
trated.) 811.00. 

Klein, Felix. Geometry: elementary mathematics from 
an advanced standpoint (Vol II). (Tran*, from 3rd 
German ed, byE. & Hedrick and 0. A. Noble.) New 
Pp, ix+ 214. 82.85. 


Bobertson, B. L. and Black, L. J. Electric circuits and 
machines . New York: V . Van Nostrand, 1949. Pp. 
via+ 434. $5.00. 

Kushbrooke, G. S. Introduction to statistical mechanics. 
New York: Oxford Univ. Press, 1949. Pp. xiil + 334. 
86.50. 

Schneider, Walter A., and Ham, Lloyd B. Experi¬ 
mental physics for colleges. (Rev, ed.) New York: 
Macmillan, 1949. Pp. xii + 442. (Illustrated.). 83.80. 
Sigoia, Sidney. Quantitative organic analysis via fune* 
tional groups . New York: John Wiley; London: Chap¬ 
man and Hall, 1949. Pp, vii +152, 83.00, 

-Stauffer, Andrew, (Ed.) Introductory biology. New 
York, Toronto, and London: D. Van Nostrand, 1949. 
Pp. ix + 722. (Illustrated.) 85.00, 

Stouffes, Samuel A., Ot al. The American soldier ; ad¬ 
justment during army life. (Vol. 1.) Princeton, New 
Jersey: Princeton Univ, Press, 1949. Pp, xii + 899. 
(Illustrated.) 87.50. 

Wars, Lawrence A* and Rss», Henry R. Qommwnoa- 
Hon circuits. (3rd ed.) New York: John Wiley, 1949. 
Pp. x + 403. 85.00. 
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NEW'S 
and Notes 

Tlie Boles Committee failed to 
place the National Science Founda¬ 
tion bill (HR 4648) on the House 
calendar before that body declared 
a recess until September 21, and it 
has been learned from reliable 
sources that no action of any kind 
will be taken until the House rocon 
venes. Scientists may profitably uti¬ 
lise this period to interview their 
representatives, many of whom will 
be at home. Most vigorous opposi¬ 
tion to the bill has come from Rep¬ 
resentative James W. Wadsworth 
(41at District, New York) who has 
announced to the press that the Rules 
Committee will take no action on 
the bill this session, notwithstanding 
the fact that it has been proposed to 
limit appropriations for the Foun¬ 
dation to the modest sum required 
for organization and administration 
during the first year of its existence. 
This proposal has been accepted by 
J, Percy Priest, author of HR 4048 
and, it is reported, by the President. 
Under the circumstances it is diffl* 
cult for Representatives Wadsworth, 
Heffcer (Massachusetts), and Sabnth 
(Illinois) to justify their opposition 
to the Foundation on the grounds 
of economy, but no other reason 1ms 
been given. 

Congressional action on the 
medical sciences during the week 
of August 22, as summarised by 
Washington Report on tlw Medical 
Spiewe*, included a favorable report 
by tiie House Interstate and Foreign 
Commerce Committee on HR 6003, 
the hospital construction aid bill, 
which is sUfbsfcantialiy the same m 
B®14, passed by the Senate on Au¬ 
gust fib The House also passed HR 
which authorizes liberal salary 
increases forpbysicans, dentists, and 
•nurses In the 

■ Subeqanmltteeof theSenateou 
bmOth legiilfttion approTed a com- 
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the federal establishment—one on 
rheumatic and metabolic diseases and 
another on neurological diseases and 
blindness. The Murray Subcommit¬ 
tee is also considering 62211, direct¬ 
ing the Public Health Service to 
conduct a sampling survey of chronic 
and degenerative illness. 

About People 

Ingvar Svennilson, head of the 
Swedish Institute for Industrial Re¬ 
search, will direct a two-year study 
of Changes during the past forty 
years in European economy in order 
to determine to what extent it has 
been affected by government inter¬ 
ference in trade between nations. 
The United Nations will publish the 
reports of the investigation, which 
will be financed by the Rockefeller 
Foundation, Dr. Svennilson *s head¬ 
quarters will bo in Geneva, Switzer¬ 
land. 

Nicholas Stefan Halmi, former 
member of the Anatomical Institute 
of the University of Sciences at Pecs, 
Hungary, has arrived hero on n non¬ 
quota visa issued by the United 
States Consulate General at Munich. 
Dr. Halmi will join the faculty of 
the University of Chicago as instruc¬ 
tor of anatomy. 

Robert A, Harte, secretary of the 
Amino Acids Advisory Committee of 
the United States Pharmacopoeia, 
has been appointed research admin¬ 
istrator of the Medical Research Di¬ 
vision, Sharp and Dohme, Inc., Phila¬ 
delphia. Mr, Harte did work in im- 
munochemistry with the Rockefeller 
Institute of Medical Research, New 
York City, from 1032 to 1942. 

William Hovanitz has resigned 
his position at Wayne University to 
become professor of biology at the 
University of San Francisco. Dr, 
Hovantts will give course? in genetics 
and biometry. 

Frederick F, Tfctafis, who hup 
recently been engaged in an anthro¬ 
pological survey in Puerto Rico,fcaa 
been appointed instructor in physical 
anthropology stir tlm University of 

of timUni- 

varsity of Rochester Medical School, 




has been .appointed research instruc¬ 
tor in the Cancer Research Labora¬ 
tory of the University of Florida. 

Lester J. Evans, medical associate 
of the Commonwealth Fund, has been 
appointed consultant in medical edu ¬ 
cation to the State University of 
New York, Now York City. Dr. 
Evans will assist the trustees of the 
university in formulating the medical 
education program. 

Hans Ris, associate in zoology at 
the Rockefeller Institute, has been 
appointed professor of zoology at the 
University of Wisconsin. Dr. Ris, a 
native of Switzerland, was graduated 
from the University of Bern. 

Visitors to U. S. 

An international medical comtnin- 
sion i b making a six-woek tour of 
venereal disease clinics in this coun¬ 
try for the World Health Organi¬ 
zation, The group includes Sidney 
Laird, adviser in venereology at Suf¬ 
folk, England; E. I. Grill, director 
of the government venereal dispen 
sary In Sarajevo, Yugoslavia; Juan 

M. Fanes, director of the rapid 
treatment center at Guatemala City: 

N, Jungal walla, venereal disease art 
visor to the government of India; 
Poul V. Marcussen, director of the 
municipal venereal disease clinic at 
Copenhagen, Denmark; and Pierre 
Joulia, professor of dermatology and 
syphilology at Bordeaux University, 
France. 

Jos6 M. Cruxent, director of the 
Museum of Natural Sciences, Cara¬ 
cas, Venezuela, has been conferring 
with officials of the Smithsonian In¬ 
stitution and other museums through¬ 
out the country. 

Visitors at the National Bureau of 
Standards during the week of August 
22 included R. Yarar, assistant pro¬ 
fessor at the Technical University of 
Istanbul, Turkey, and H. W. 
Thompson, professor of chemistry, 
Oxford University, England. 

Custodia Fuenabda, supeniabr 
of student nurses nnd instructorof 
pediatric and surgical nursing in the 
ttWldwaV -/ 1^4^ . 

ward of the Unlvenilty of Chile, M 


m 


here on a public Health Service 
training grant Mica Fuensalida will 
study at the School of Nursing of 
the Boston University. 

Grants and Awards 

The Univeraky of Michigan has 
announced the award of research 
grants to faculty members amount¬ 
ing to 4105,906. Of this sum, $87,- 
413.50 is in grants made by the Board 
of Governor* of the School of Gradu¬ 
ate Studies from the Horace H. Back- 
ham Fund, including $25,000 for 
fellowships and $8,000 for the publi¬ 
cation fund. The six largest specific 
research grants also were made from 
this fund. 

The University Observatory was 
alloted $7,260 to continue spectro¬ 
scopic studies of the southern sky 
at the University's South African 
observatory. A grant of $6,000 was 
made for research projects being 
planned by the Center for Japanese 
Studies. Other projects include 
studies of the behavior of the endo¬ 
crine glands and the existence of be¬ 
havior problems in children, the func¬ 
tional breathing capacity of the 
lung, the growth and regeneration 
of endosperms in culture, and the 
Pleistocene history of the Great 
Lakes. 

G. E. F. Lundell, former chief of 
the Chemistry Division of the Na¬ 
tional Bureau of Standards, will re¬ 
ceive the $1,000 Fisher Award in 
Analytical Chemistry at the 116th 
national meeting of the American 
Chemical Society in Atlantic City on 
September 10. Dr. Lundell, who re¬ 
tired from the Bureau of Standards 
last year. Was cited for his contribu¬ 
tion to applied inorganic analysis 
and for his ability to train young men 
in the Held of analytical chemistry. 
Hie award was established in 1947 
by C. G. Fisher, president of the 
Fisher Scientific Company of Pitts¬ 
burgh, to recognise and encourage 
outstanding achievement in the sci¬ 
ence of analytical chemistry. It was 
conferred for the first time last year 
on Dr. N. Howell Furman of Prince¬ 
ton University. ■ 

Me&diM nnd Hygiene pf Loudon 
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chairman of the Department of 
Bacteriology and Parasitology at the 
University of Chicago, an honorary 
fellow. Dr. Taliaferro holds the 
EHakim Hastings Moore distin¬ 
guished service professorship of 
parasitology at the university. 

The Ross Coffin Purdy Award 

of the American Ceramic Society was 
granted to Herbert Insley, chief of 
the Mineral Products Division of the 
National Bureau of Standards, and 
F. P. Hall, assistant director of re¬ 
search at the Ommd&ga Pottery Com¬ 
pany—joint authors of Phots Dia¬ 
grams for Ceramists . 

The Honor Scroll of the Ameri¬ 
can Institute of Chemists will be 
presented on October 7 to Otto Eisen- 
schiml, president of the Scientific 
Oil Compounding Company. Dr. 
Eisenach iml will deliver his accep¬ 
tance address on “The Responsibility 
of the Community to Its Chemists .' f 

The Navy Bureau of Ordnance 

has granted a two-year research con¬ 
tract to Eugene Lieber, associate pro¬ 
fessor of chemistry at Illinois Insti¬ 
tute of Technology. Dr. Lieber will 
conduct research in the new deriva¬ 
tives and chemical and physical 
properties of nitroguanidine. 

The Frederick Ives Medal of the 
Optical Society of America will he 
awarded to George R. Harrison, dean 
of science Rt Massachusetts Institute 
of Technology. Dr. Harrison will 
receive the award at the annual meet¬ 
ing of the society at Buffalo in Oc¬ 
tober for his contribution to the field 
of optics. 

The Croix d'Officler du Merite 
Agricole has been given to William 
V. Cruess, professor of food tech¬ 
nology at the University of Califor¬ 
nia College of Agriculture, The 
honor was conferred by the French 
Consul General Jean do Lagarde. 

Colleges and Universities 

Washington University, St. 
Louis, will begin construction of a 
$900,906 bidlding for taspardi in the 
basic sciences related to c*nc$r. This 
laboratory is the third announced 
addition to the Waahingtoii Uidver* 
rity McdicaT Center. Half the funds , 
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for the new research center were con¬ 
tributed by the U. S. Public Health 
Service, the other half by the uni¬ 
versity. 

Research on cosmic rays is being ] 
carried on in the Rocky Mountains 
in Colorado by scientists from the 
University of Washington Applied 
Physics Laboratory. By means of 
a dual cloud chamber apparatus 
equipped with built-in cameras, the 
vapor traiU of cofamlc rays will be 
recorded as they pass through vapor 
compartments at an elevation of more 
than 11,000 feet. The project which 
is sponsored jointly by the Office of 
Naval Research and the university is 
under the supervision of Joseph E. 
Henderson, director of the labora¬ 
tory. Charles E. Miller, assistant 
director, will head the expedition. 

Roosevelt College, Chicago, will 
conduct a ten-week institute, “New 
Frontior* of Science and Industry/’ 
September 23-November 23. The 
list of speakers and their subjects 
are: Percy Julian, director of re¬ 
search, Qlidden Company, “New 
Horizons in Science,'' September 21 ; 
G. P. ICuiper, director of Yerkes 
Observatory, 1 * N*ew Results on the 
Planets/ * September 28; Gustav 
Egloff, director of research, Univer¬ 
sal Oil Products Co., “Have We 
Enough Petroleumt,” October 6; 
E. M. K. Gelling, Pharmacology De¬ 
partment, University of Chicago, 
“Wlmt’s New in Drugs?/* October 
12; Samuel K. Allison, director, In¬ 
stitute for Nuclear Studies, Univer¬ 
sity of Chicago, “Now Energy from 
Atoms/’ October 19; Jules Masaer- 
man, Medical School, Northwestern 
University, “What is Modern Psy¬ 
chiatry Doing?/’ October 26 ; Anton 
J. Carlson, Department of Physiol¬ 
ogy, University of Chicago, “ Your 
Body kttd You,” November 2; An* 
drew C. Ivy, vice president, Univer¬ 
sity of Illinois, “What’s New in 
Medidsef/ ’ November 9; Louis N. 
Ridenour, Graduate College; Uni¬ 
versity of Illinois, “Machines that 
Think/’, November 1$j and Cyril 
Stanley Smith, Institute for the 
Study of Metals, University of, <3M« 

-Life/’ 

November 23* 
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will be $5.00 for the entire series 
and 75 cents for individual sessions. 

Meetings and Elections 

The National Science Teachers 
Association will hold a regional 
meeting at the Mellon Institute in 
Pittsburgh on September SO. Thomas 
Parr&n, dean of the Graduate School 
of Public Health, University of 
Pittsburgh, will be the main speaker 
at the luncheon session. Work ses¬ 
sions will include the evaluation of 
business-sponsored teaching aids for 
science. More than one hundred in¬ 
dustries in the Pittsburgh area, 
eastern Ohio, and northern West Vir¬ 
ginia have been invited to partici¬ 
pate. Additional information may 
be obtained from Robert H. Carleton, 
Executive Secretary, National Sci¬ 
ence Teachers Association, 1201 Six¬ 
teenth Street, Northwest, Washing¬ 
ton 6, D. C. 

The American Oil Chemists' So¬ 
ciety will hold its fall meeting at 
the Edge water Beach Hotel, Chicago, 
October 31-November 2 with ad¬ 
vance registration on the 30th. C. 
B. Morris, of Armour and Company, 
will serve as general chairman of the 
meeting, and R. H. Rogers, Jr., of 
Swift and Company, as exhibits 
chairman. 

The Pacific Chemical Exposi¬ 
tion and the Pacific Industrial Con¬ 
ferences, under the sponsorship of 
the American Chemical Society, will 
be held in San Francisco, November 
1-5, There will be more then a hun¬ 
dred commercial exhibits, a group of 
•pedal exhibits, continuous motion 
pictures, and fourteen one- and two- 
day conferences. 

The Society for Applied Spec¬ 
troscopy will meet Tuesday, Novem* 
her 1, at 8 p.m. at the Soeony-Vac- 
uum Training Center, 68 Park Row, 
New Turk City; William I* Button 
of the American Cyanamid Company 
will apeak ©neemfcpiantltative analy¬ 
sis for metals by emission spectros¬ 
copy. ■ '-v 

A National Symposium on Air 

.settrdt Institute raeooporatioa with 

v Institute wf 


and the University of Southern Cali¬ 
fornia, will be held November 10 and 
11 at the Huntington Hotel, in Pasa¬ 
dena, California. 

The annual national meeting of 
the American Institute of Chemical 
Engineers will be held in Pittsburgh, 
December 4-7, with headquarters at 
the William Penn Hotel. Technical 
symposia will include panel discus¬ 
sions on the present status of profes¬ 
sional legislation, corporation train¬ 
ing of^yjmng engineers, industrial 
waste dispusaJ, atomic energy, and 
vapor-liquid equilibria. 

The Academy of Forensic Sci¬ 
ences (American Medico Legal Con¬ 
gress) will hold its second meeting 
in Lincoln Hall, Northwestern Uni¬ 
versity School of Law, Chicago, on 
January 26-28, 1950. The meeting 
will be devoted to a discussion of 
forensic science problems and a for¬ 
mal organizational program. Per¬ 
sons interested in presenting papers 
should contact Dr. A. W, Frcireich, 
180 Hempstead Avenue, Malverne, 
New York, or Professor Ralph F. Tur¬ 
ner, Acting Secretary, Department 
of Police Administration, Michigan 
State College, Fast Lansing. 

The National Society for the 
Prevention of Blindness will hold 
a five-day conference in conjunc¬ 
tion with the interim session of the 
Pan American Association of Oph¬ 
thalmology, March 26-80, 1950, at 
the Floridian Hotel, Miami Beach, 
Florida. The theme of the mooting 
will be * * The Americas Unite to Save 
Sight. 0 Among the subjects to be 
discussed are current blindness-pre¬ 
vention programs in countries of the 
Western Hemisphere, trachoma, in¬ 
dustrial ophthalmology, eye problems 
of school children, and medical and 
social management of the glaucomas. 

Persons concerned with eye health 
and safety may obtain details con¬ 
cerning the program by writing to 
the National Society for the Preven¬ 
tion of Blindness, 1790 Broadway, 
New York 19, N. Y. Reservations 
should be made in the near future 
with the Floridian Hotel, 540 Wert 
Avenue, J$#ml BeWb, Florida. 

• AtMetoSon hi* daated tfc* ■ toltow- 
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ing officers for the coming year: 
president, Henry H. Gregg, pharma¬ 
cist, Minneapolis, Minnesota; first 
vice president, Roy A. Bowers, dean, 
University of New Mexico College of 
Pharmacy, Albuquerque, New Mex¬ 
ico ; and second vice president, Louis 
J. FUchl, pharmacist, Oakland, Cali¬ 
fornia. 

The newly-organised Central 
States Section of the Botanical 
Society of America, at its meeting 
at Ann Arbor, Michigan, August 20, 
elected the following officers: chair¬ 
man, John E. Bass, of Iowa State 
College; vice Chairman, Margaret 
H. Fulford, of the University of 
Cincinnati; members of the execu¬ 
tive committee, Paul Weatherwax, 
of the University of Indiana, Howard 
W. Laxsh, of the University of Okla¬ 
homa, and G. W. Prescott, of Michi¬ 
gan State College. Oswald Tippo, of 
the University of Illinois, was re- 
elected as secretary-treasurer. 

Deaths 

Edwin C. Miller, 70, profeaaor 
emeritus of plant physiology at Kan¬ 
sas State College, Manhattan, Kan¬ 
sas, died August 2 of cerebral throm¬ 
bosis. Dr. Miller was formerly a 
plant physiologist at the Kansas 
Agricultural Experiment Station, 
and was at one time president of the 
American Society of Plant Physiol¬ 
ogists. 

Eugene Waldemar Posnjak, 6l> 
Russian-born geochemist, died at his 
home in Santa Barbara, California 
on August 5. Dr. Posnjak retired 
from the Geophysical Laboratory of 
the Carnegie Institution* Washing¬ 
ton, D. C., two years ago, after 84 
years of service. 

Arthur Cloudman, 48, senior biol¬ 
ogist at the Argonne National Lab¬ 
oratory, died at his home August 8. 
Dr, Cloudman was conducting ex¬ 
periments on radiation as a possible 
cause of cancerous growth. 

Bruce H. Douglas, 56, health com¬ 
missioner of Detroit, was killed Au¬ 
gust 11 in an automobile accident, 
Rr, Douglas was tometiy professor 
and head of the Department of Pre¬ 
ventive Medicine and FubBe Health 
jrt part pro**- 



dent of both the Mississippi Valley 
Tuberculosis Conference and the Na¬ 
tional Tuberculosis Association. 

Rudolph Luneburg, 46, mathe¬ 
matical physicist at the University 
of Southern California, died August 
10 of a heart attack. While a mem¬ 
ber of the mathematical research 
staff of the Spencer Lens Company 
of Buffalo, Dr. Luneburg contributed 
to the development of a new mothod 
of viewing microscopically the in¬ 
ternal structures of living cells, tis¬ 
sues, bacteria, and industrial ma¬ 
terial. 


A new journal, Experimental 
Cell Research, is being sponsored 
by the International Society for Cell 
Biology, The editors are Torbjom 
Oaspersson, Stockholm; Honor Fell, 
Cambridge. England; John Bunn- 
strftro, Stockholm; Francis O. 
Schmitt, Cambridge, Massachusetts; 
Paul Weiss, Chicago; and Ralph W. 

Ci Wyckoff, Bothesda, Maryland. J, 
F. Danielli, of London, will act as 
editor of communications from the 
Society for Cell Biology. Papers 
contributed by American scientists 
should be sent to the American edi 
tors. One volume rff four issues will 
be published annually by the Aca¬ 
demic Press, Inc. T and will include 
Studies in experimental analysis of 
the organization, structure, and ac¬ 
tivity of the bell and its sub-units, 
including work on viruses, and on 
new methods in the held of experi¬ 
mental cytology. 

The Atomic Energy Commission 
has awarded a contract to Holmes 
and Narver, Engineers, Los Angeles, 
California, for maintenance and im¬ 
provement of facilities at the Atomic 
Energy Commission Proving Ground 
at Eniwetok Atoll in the Marshall 
Islands* Repairs, replacements of 
certain structures and utilities ren¬ 
dered useless by the tropical climate, 
and the installation of more durable 
technical facilities am planned. 

Saggwtfom tor Science Teacher* 
in J*nrc*fof»<f Gwiritob * Vrumo 
pufattsottan which describee hew 
school taboratory 

'■'oeneisswsea'v'mit or simple, tnexpen-. 
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give materials has been translated 
into Tai by the government of Thai¬ 
land. This is one phase of a Uneeeo 
program begun in January when 
Thailand joined the organisation. 
A survey of the country has already 
been completed by a Unesooeduca¬ 
tional mission. * ^ 

The membership of the Panel on 
the Nation's Potential for Basic 
Research in Chemistry, National 
Research Council, for the year end 
ing June 30, 1950, is as follows: G. 
B. Butler, L. W, Buts, W. C. John¬ 
son, W. R. Kirner, W. M, Latimer, 
W. A Mosher, W. J. Murphy, W. A. 
Noes, Jr., ex officio, L. H. Reyer- 
son, C. E. Waring, chairman, G. W, 
Watt. 

The panel has surveyed unem¬ 
ployed capacity during the last two 
years. Chemists have submitted the 
titles of over 200 research projects 
which they could carry out if some 
financial assistance were provided. 
This year the panel plans to survey 
the equipment needs of colleges and 
universities, to maintain liaison with 
agencies concerned with national re¬ 
search programs, and to publish its 
findings more widely. 

Recently Received— ' 

Statistical Summary of Education, 
1945-46, by David T. Blose. (Bi¬ 
ennial survey of education in the 
U. S., 1044-46, Chapter 1, Federal 
Security Agency.) For sale by 
Supt. of Documents, IT. S. Govt. 
Printing Office, Washington 25, 
D. C. 15 cents. 

Freedom from Want: A Surrey of 
the Possibilities of Meeting the 
World'» Food Needs, (Symposium 
edited by B, E. DeTurk for the 
AAA8 and reprinted from Chron¬ 
ica Botanica,) Order from Chron¬ 
ica Botanica Co., Waltham, Mass,, 
or 8techert>Hafuer, Inc., New Fork 
City. $2.00. 

Anais Brasileiros de Dermatologia e 
Sifilogrofia. Publi^acao trimestral 
by Sociedade Brasileira de Her- 
matoiogia e Sifilogwtfla, Rio de 
Janeiro, Brasil. 

The Medical Bulletin (Mtedicinef or 
Industry). ^ublioMbit pi jibe 
Standard Oil Company ofNew Jar- 
sey, New York 20, N* ’t. 
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La Recherche Adronautique. (Bulle¬ 
tin bimestriel de 1’Office National 
d’Btudkss et de Recherches Aero- 
nautiques). O.N.E.ft.A. 8, Rue 
L6on Bonnat, Paris 16*, France. 
The George C. Davis Bite, Cherokee 
County, Texas by H. Perry Newell 
and Alex D. Krieger. (Memoirs 
of the Society for American 
Archaeology, No. 5). Order from 
Glenn A. Black, Treasurer, Angel 
Mounds, R. R. 3/ Newburgh, Xnd. 
$3.50. 

Bine Methode ztir approximative^ 
Vorausberechnung von Luftmas- 
senverlagerungen by Hans Ertel. 
(Siteungsberichte der Deutschen 
-Akademie der Wissenschaften au 
Berlin, Jahrgang 1943 Nr. III). 
Akademie-Verlag, NW7, Berlin, 
Germany. 2 marks. 

Journal of the Mathematical Society 
of Japan. (Continuation of mathe¬ 
matical section of Physico-Mathe 
uiatical Society of Japan.) Single 
copies available from Mathemati¬ 
cal Society, Faculty of Science, 
Toyko University, Japan. 150 
yen. 

Air Transport and Insects of Agri¬ 
cultural Importance, by W. A. L. 
David. Commonwealth Institute 
of Entomology, London, 8. W. 7, 
England. Is. fid. postpaid. 
Scandinavian Journal of Clinical and 
Laboratory Investigation, Vol. 1, 
No, 1,1940. (New Quarterly pub¬ 
lication in English edited for Scan¬ 
dinavian Society for Clinical Chem¬ 
istry and Clinical Physiology.) 
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Ruth Fulton Benedict, A Memorial. 
Issued by Viking Fund, Inc,, New 
York, N. Y. 

Make Plans for— 

American Society lor Motels, 
symposium on thermodynamics in 
physical metallurgy , October 15-16; 
31«t National Metal Congress gad 
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Auditorium, Cleveland, Ohio. 
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Temperature Dominance over Human Life 

* 

Clarence A. Mills 

Laboratory for Experimental Medicine, University of Cincinnati 


T EMPERATURE bears an importance to man 
far beyond the mere matter of his hour-to- 
hour comfort. In some places it lays a heavy, 
stagnating hand over his life and holds him 
to a vegetative existence; in others, it generates an 
energy and progressiveness which drives him forward 
with irresistible impetus. Its effects begin even be¬ 
fore he is conceived, for the metabolic vigor of paren¬ 
tal germ cells at the time of their union exerts a po¬ 
tent influence over the entire course of the new life. 
Without favorable temperatures, neither individual 
nor nation can develop innate potentialities to the full. 

The hand of temperature is being felt over the 
world today, much as Ellsworth Huntington so ably 
pictured its course through past centuries. We are 
now caught in one of the long cycles of climatic 
change that alter the courses of nations and of world 
trends. Man thus has urgent need to understand the 
mechanism of this temperature dominance over him as 
an individual and over mankind as a whole. The an¬ 
swer lies in a close study of human dynamics. 

The human body is essentially a combustion machine 
that functions only as its cells release energy by burn¬ 
ing the foodstuffs taken in. True, this combustion in 
the cells is a very complicated affair, carried on at 
low temperatures and in numerous independent steps 
through the aid of special catalysts. Although it is 
far less violent than the gasoline explosions in an 
automobile motor, its over-all efficiency is no greater, 
and it is even more dependent upon rapid dissipation 
of its waste heat. The working efficiency of men, 
horses, and dogs ranges between 20 and 26 percent, 
but the Diesel engine designed by present-day engi¬ 
neers performs at over 40 percent efficiency. 

For every unit of combustion energy transformed 
into work-output by our bodies, three or four similar 
units must be dissipated as waste heat. Failure of 
snob dissipation to keep pace with heat production 
in the body may mean heat stroke and death within 
a few hours. The waste heat of combustion thus be¬ 
comes one of the body’s most important excretory 
products. 

Sudden changes in external temperatures, or in the 
rate of heat production within the body, are quickly 
oountered by the movement of more blood into, or 
itorn^ the $kin and by the activity Of the sweat 


glands. The body can thus meet short-term emergen¬ 
cies with only slight changes in its internal tempera¬ 
ture or behavior characteristics. External heat or 
cold, prolonged through many weeks or months, how¬ 
ever, induces basic and important changes in the body 
economy. 

Following several weeks of difficulty in dissipating 
waste heat, physical and mental activity dedines, and 
there is is a drop in the combustion rate. Some of 
the glands of internal secretion, which so largely in¬ 
fluence combustion rate, go into a less active, or rest¬ 
ing, state. ThiB is particularly true with the thyroid, 
adrenal, and sex glands, probably also with the pitu¬ 
itary. A lowered total combustion rate means less 
energy for thought and action, as well as less waste 
heat to be dissipated. Physical and mental character¬ 
istics thus change, from the dynamic and pushing, to 
a more passive, “let-George-do-it” type. Personal 
initiative gives way to a desire for security. 

That these are basic changes in the individual's 
metabolic make-up is evidenced by equally profound 
alterations in such body functions as growth, rate of 
development, resistance to infection, and thought ca¬ 
pacity. When difficult heat-loss induces a lowered 
combustion rate in the cells, growth slows down and 
may be co?npletely halted, even though an ample food 
supply be available; onset of puberty and maturity is 
progressively delayed, and ability to reproduce is re¬ 
duced or completely obliterated, although matings go 
on freely; resistance to bacterial invasion is impaired, 
especially for those respiratory infections in which 
the white blood cells (phagocytes) provide the first 
and main line of the body's defense-system; and, fi¬ 
nally, ability to solve problems is greatly impaired. 

Proper ease of body heat-loss means just the oppo¬ 
site—a fast growing, early maturing, highly fertile 
individual with a keen mentality and good ability to 
fight infectious disease. Those statements are by no 
means hypothetical but are based upon well authen¬ 
ticated statistical findings on man and on experimental 
animals under controlled conditions. They show up in 
the laboratory, under natural climatic differences, and 
during the wide seasonal swings in middle temperate 
latitudes. 

Half of the earth's population lives year after year 
under a depressive blanket of moist heat that makes 
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impossible on active life or high vitality. There chil¬ 
dren grow slowly, mature late, and are, in the main, 
of inferior stature. Although the birth rate is high 
because of lack of restraint, high stillbirth and infant 
mortality rates cut heavily into the ranks of those 
who might live on to adulthood. Infectious diseases 
are the chief causes of death at all ages. The menses 
come on 14~2 years later than among girls of cooler 
climates, and reproductive fertility shows an even 
greater lag. The age-old fallacy of early tropical 
maturity should he Abandoned—it probably represents 
a carry-over from the loe Age of 20,000 years ago, 
when optimal temperatures for man were to be found 
only in what are now the tropical regions. Even two 
millenniums ago. Hippocrates was stressing the fal¬ 
lacy of early tropical maturity, although the girls of 
ancient Greece were beginning their menseft nt the 
Same early age as in middle American latitudes today. 
With the subsequent rise in earth temperatures, the 
girls of Greece today begin their menses two years 
later than in Hippocrates' day. 

Domestic livestock show a comparable retardation 
where heat-loss is difficult. To bring n steer to the 
choice 1000-pound slaughter-size takes 12-15 months 
in Iowa or Illinois, 2£-3 years in Louisiana, and 4-5 
years in Cuba, Panama, or Colombia, This represents 
maximum adult size in the tropical heat, whereas in 
Iowa or Illinois the steer will grow to almost double 
this weight. Hogs show the same contrast, taking 15 
months in Panama to reach the 200-pound slaughter 
size achieved by Iowa shoals in 0-7 months. 

In spite of the lack of sexual restraint and our 
"Mother India" ideas of early tropical maturity, evi¬ 
dence indicates that functional fertility is attained 
several years later, on the average, among tropical 
girls than among the more lusty progeny of cooler 
climates. Laboratory findings under controlled tem¬ 
perature conditions provide complete confirmation of 
the human statistics. Difficulty in heat-loss can so re¬ 
duce animal fertility that conceptions become impos¬ 
sible, even with oft-repeated matings. Human con¬ 
ceptions resulting in live births are also sharply 
reduced during prolonged periods of severe heat 
among people of the temperate regions. The whole 
state of Florida suffers a 30 ± percent decline in con¬ 
ceptions during the long summer heat, whereas in 
Maine.conception rates then are highest. 

The body's ability to resist or survive infectious at¬ 
tacks goes down with all other vital indices in tropica l 
heat or in long subtropical summers. The number of 
deaths per 100 acute appendicitis cases hospitalized 
in the Gulf states is twice as high as in the Upper 
Plains states; and at Cincinnati, migrants from the 
South last just half As long with tuberculosis as do 


the Northern-born, considering only those who die, 
from first symptoms to death. Those adapted to heat 
also succumb more readily to pneumonia—a Dakota 
winter would produce a holocaust of pneumonia 
deaths in Panama or the Philippines! 

Loss of mental acuity constitutes perhaps the most 
disturbing phase of heat effects, when viewed from 
the standpoint of the general welfare of mankind. 
Some years ago Ellsworth Huntington collected sta¬ 
tistics showing best mental function at 38-40° F, 
whereas 64° F seemed optimal for physical perform¬ 
ance. Today we know that college students, given the 
standard aptitude or intelligence tests at Cincinnati 
latitudes across the country, achieve ratings only 00 
percent us high in summer heat as in winter cold. No 
such seasonal contrast in ratings occurs in the north- 
mi tier of states, where there is no prolonged depres¬ 
sive summer heat. 

White rats have further confirmed the folly of sum¬ 
mer sessions in colleges at lower latitudes unless the 
students be air-conditioned. With three groups of 
male rats from divided litters, kept on uniform diet 
and at three different environmental temperatures, it 
was found that ability to solve maze-tests was sharply 
retarded with increasing difficulty of heat-loss. The 
rats kept for four months at 55° F required only 12 
trials before finding the correct maze pathway to the 
food dish; and, once they found the proper turns, no 
further errors were made on later testings. Those 
kept at 75° F made, on the average, 28 wrong turns 
before discovering the proper pathway, and even then 
their learning was for from complete. Fot the rats 
kept at 90° F, food seemed not worth the effort; those 
that did gel through to the food took an average of 
51 wrong turns and still could not repeat on succes¬ 
sive days. 

The rats' memory, or retention of learning, was 
tested by bringing them back to the maze after a 
month's absence. Those from the 55® F room showed 
perfect retention of their previous learning, those 
from the 75° F warmth had to relearn about half, but 
those from the 90° F heat seemed to retain no memory 
of their former efforts. 

These basic observations on temperature dominance 
over mental ability and physical development are in- 
* deed of great significance to mankind as it faces 
existence problems in many regions of the earth. 
Should the more favored portions of our country give 
aid to those peoples whose living conditions are more 
adverse? Should such aid take the form of educa¬ 
tional funds or of nutritional upbuilding f Fortu¬ 
nately, nutritional studies on animals have demon¬ 
strated that most of the depressive heat effects can he 
overcome by proper attention to vitamin and protein 
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intake. Certain of the B vitamins are needed in extra 
amounts, and bot-we&tber diets should be richer—not 
poorer—in protein, if we would avoid metabolic let¬ 
down. Actually, our protein requirement remains the 
same (in grams per pound of body weight) in heat 
and cold, but a lowered calorie intake in hot weather 
makes it necessary that the smaller amount of food 
eaten be richer in protein. 

Difficulty in body heat-loss begins its dominance 
over any person’s life even before he is conceived. 
The metabolic vigor of parental germ cells at the time 
of their union exerts a considerable influence over the 
whole life course of the new individual. Those chil¬ 
dren at Cincinnati latitudes whose parents have been 
depressed by July and August heat before conception 
have just half the likelihood of entering college that 
is enjoyed by those conceived in winter cold. Those 
conceived in summer heat also grow more slowly, de¬ 
velop later, and live a shorter life span (over four 
years less, according to Huntington’s findings). 

Further handicaps of hot-weather conception in¬ 
clude a low likelihood of inclusion in Who’s Who vol¬ 
umes and of being president of the United States of 
America. Eleven of our presidents were conceived 
in the first quarter of the year, ten in the second, four 
in the third, and seven in the fourth. Until the pres¬ 
ent incumbent entered the White House, there had 
never been an August conception at the head of our 
government. In any field of accomplishment one in¬ 
vestigates, the advantages of cold-weather conception 
stand forth in bold relief. Perhaps these facts will 
find expression in high school or college eugenics 
courses and in planned parenthood through coming 
years. If so, the country’s obstetricians will be able 
to plan a long vacation for each year! 

Climatic temperature differences, whether brought 
about by latitude or altitude, are potent factors in 
human life, and so also are the wide seasonal tempera¬ 
ture swings of the earth’s middle latitudes. The fortu¬ 
nate nations of the earth are those located where the 
body’s waste heat can be lost readily. Many other 
factors of life are also of great importance, of course, 
but this article is devoted to the basic role of tem¬ 
perature. Due recognition must be given to the part 
that improved nutrition may play in minimising the 
depressive effects of external heat. Natural resources 
may thus exert a marked and beneficial effect on a 
given population group by making possible a better 
dietary intake, but dietary improvement will still be 
conditioned on the exercise of mass intelligence in 
food selection and on the willingness to work for the 
better food, no matter bow great the natural resources. 
We thus come back to energy as the mainspring of 
fife* With all its potentialities and handicaps. 


Proper ease of body heat-loss may be essential to 
progressiveness and accomplishment, but its advan¬ 
tages are by no means free of hazards. Evidences of 
mental and physical breakdown are today most alarm¬ 
ing in those regions of the earth where temperatures 
are most energizing. Arteriosclerosis and heart fail¬ 
ure, diabetes, cancer, and many other breakdown dis¬ 
eases are there claiming far more victims than in 
tropica] warmth, where infectious diseases run ramp¬ 
ant. Northern rates of mental instability and break¬ 
down, for instance, more than offset the decrease in 
tuberculosis deaths. Perhaps some day artificial con¬ 
ditioning will provide us with the Golden Mean. 

Up through the millenniums since the last Ice Age, 
the crest of human civilization has shifted farther and 
farther poleward, with irregularly rising earth tem¬ 
peratures and melting ice caps. Improved housing 
and greater protection against winter cold have been 
considerable factors in this poleward shift, but prob¬ 
ably of greater importance has been the expanding 
region of tropical heat. Volumes of argument pro 
and con would add little to that statement about the 
distant past, bo let us move to more recent times. 

Through the last 10,000 years of the earth’s history, 
cyclic changes in temperatures have left fairly clear 
records. A millennium of rapidly receding glaciers 
and polar ice caps was succeeded by one of stability or 
advance. Five such cycles are in evidence over the 
last 10,000 years of rapid Ice Age regression. The 
next-to-l&st cold millennium fell in the days of early 
Greek and Roman glory and was followed by the 
thousand years of Dark Age warmth, when cereal 
grains could be ripened in Iceland and grapes in 
England. 

The peak of Dark Age warmth occurred about A.D. 
850, when optimal temperatures in far northern Scan¬ 
dinavia activated the Norsemen and Vikings into a 
century of exploration and settlement. The gradual 
return of benumbing cold to their homeland and to 
the Greenland and Iceland settlements from the tenth 
to the fourteenth centuries dimmed their glory. Cen¬ 
tral Europe was at the same time relieved of her ener¬ 
vating warmth and entered the Renaissance and the 
period of industrialization. The miracles of this 
Western mechanistic civilization have reached a peak 
in America during the century just passed. 

Once again earth temperatures are surging irregu¬ 
larly upward, reaching levels in 1930 about as high 
as prevailed a thousand years earlier. During the 
warmth of the early thirties soil thawing in Greenland 
allowed excavation of Viking bodies that had lain in 
solidly frozen earth for a thousand years. All records 
available indicate that earth temperatures have been 
rising for a full century, bringing definitely milder 
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winters and the long summers of depressive heat that 
sap human energy and change the course of nations. 

The same semitropieal lethargy which earlier en¬ 
gulfed the Mediterranean countries of Europe is to¬ 
day creeping northward over the United States and 
Central Europe. Later onset of the mensetf in girls 
and smaller adult stature in American college youth 
have replaced the trend of recent centuries toward 
earlier maturity and ever-better physique. In the 
Carolinas the reversal came with children born in 
1918, at Cincinnati latitudes a little later, and in Wis¬ 
consin it still remains only an indefinite hint. It is 
especially significant that this physical downturn 
should have occurred at a time when the production 
and distribution of foodstuffs were at all-time peaks 
and when greatest emphasis was being laid on child 
care and nutrition. Children now have fewer illnesses 
and grow faster in their early years than ever before; 
yet the adult stature is showing definite evidence of 
decline. 

The northward shift of world power was emphasized 
by Germany's bid for a “place-in-the-sun” in World 
War I, Only the superior ingenuity and resources of 
Britain and America kept her from her goal, for 
Russia was then only in the early throes of her awak¬ 
ening, and France was quite incapable of coping with 
her more vigorous neighbor. When World War II 
came a quarter-century later, America was pushed to 
new peaks of industrial productivity and scientific ad¬ 
vances that contributed substantially to victory, but 
the war's most significant outcome was the bid for 
world power by a new far-northern nation—Russia. 

Retarded by the benumbing winter cold of past cen¬ 
turies, much of Russia today enjoys temperatures 
which are near the optimal for human endeavor. 
Freer flow of her energies and the heady, successes of 
war and postwar years have given her a self-confidence 
that considers nothing impossible. Hers is now the 
early American frontier reaction of bubbling enthusi¬ 
asm and nigh irresistible impetuosity. In the warm 
centuries ahead she may gain the sought-for place-in- 
the-sun, along with the lesser northern nations of 
Scandinavia and Canada. To appreciate that Russia 
is really a far-northern nation, one should bear in 
mind that the city of Stalingrad lies close to the 
latitude of Winnipeg. 

The effects of temperature will go far beyond their 
present influence over individual life and national 
trends. The present millennium of warmth may wit¬ 
ness complete melting of the polar ice caps and con¬ 
sequent profound changes in the climates of present 
polar and temperate zones. The earth has experienced 
long eons of freedom from polar cold during past 
periods of interglacial warmth, and Brooks, in his 


book, Climate through the ages, pictures the present* 
ice caps as being down to the critically small diameter 
that makes them susceptible to rapid disappearance. 
Anyone desiring to make use of this information for 
long-term investment in northern real estate should 
buy high land, however, for the ocean level will rise 
roughly 150 feet as the ice caps disappear. 

Pr^en^-day international interest in the mineral 
and fuel deposits of Antarctica may prove to be well 
based, in view of these temperature trends. Also, the 
broad, fertile, but still frozen reaches of northern Si¬ 
beria and Canada may someday support the earth's 
most energetic populations, if the present outward 
expansion of semitropieal lethargy continues. It 
takes only a few degrees of change in mean annual 
temperature to produce striking climatic alterations. 
Dark Age temperatures of Scandinavia, Britain, Ice¬ 
land, and Greenland, for instance, were probably only 
4-5 degrees higher than those prevailing through the 
colder centuries since the time of the Renaissance. 

Much study and speculation have centered around 
the possible causes of these shifts in earth tempera¬ 
tures. The regular seasonal cycles are, of course, 
known to be based upon the changing inclination of 
the earth's axis with respect to the sun. Variations in 
sunspot activity and in the intensity of solar radiation 
to the earth have also been correlated with periods of 
unseasonal cold or warmth. Sudden outbursts of sun¬ 
spot activity are accompanied by increased heat and 
magnetic radiation to the earth but are soon followed 
by greater storm in ess and low temperatures in tem¬ 
perate latitudes. During the declining or low phases 
of sunspot activity in the major 11-year cycles of the 
last two centuries, two thirds of the months have 
shown unseasonal warmth, while unsoasonal cold has 
accompanied rising or high sunspot activity two thirds 
of the remaining time. We may tentatively accept 
the sunspots and the changes in solar radiation as a 
direct cause of weather shifts and of periods of 
unseasonable warmth and cold through the years. 
Whether the same influence lies behind the 2000-year 
cycles, and the Ice Ages and alternating Inter-Glacial 
Stages, still remains a matter of conjecture. 

Sunspots are thus a matter of profound concern 
and have prompted investigations into the causes lying 
behind climatic fluctuations. As a result, we now 
know that each of the major planets of the solar sys¬ 
tem tends to depress sunspot activity on that part of 
the sun's surface exposed to a given planet. Observa¬ 
tions have shown that sunspot activity decreases on 
any segment of the sun’s face exposed to the earth 
during half of the sun's 28-day rotational period and 
increases on the opposite side during the other two 
weeks. Tides in the suit’s gaseous mass have been 



September 9, 1949, VoL HO 


SCIENCE 


believed to result from the varying planetary pulls, 
but there is also a possibility that other heavenly bod¬ 
ies may also exert potent influences. 

Our personal fortunes through the years, as well 
as our health and energy, are thus linked to the sun 
and, through it, to the planets of our solar system— 
and perhaps to the neater stars l 

Today we pride ourselves upon our scientific 
achievements anil the conquest of disease by men of 
medicine; yet months or years of unseasonable warmth 
bring devastating economic downturns against which 
we have found no defense, and at such times sickness 
end death rates decline, even while our physicians are 


271 

least busy. Statistically, one might say that people 
are better off the less they see of a doctor, but in re¬ 
ality, it is the lessened storminess and reduction in 
bodily stress that account for the health betterment in 
hard times. 

Man is in reality a pawn of the environmental 
forces encompassing him, being pushed forward to a 
vantage point at one time or held in lethargic bondage 
at another. Here is a challenge of the first magnitude 
—can human intelligence find an effective answer? 
If not an answer, then it should at least comprehend 
the forces at work and the major significance of their 
effects. 


Evidences of Associative Interference in 
Psychomotor Performance 1 

Don Lewis, Alfred H. Shephard, and Jack A. Adams 

Department of Psychology , State University of Iowa 


NEQUI VOCAL EXPERIMENTAL EVI¬ 
DENCE of associative interference in the 
performance of a task predominantly motor 
in character was presented by Lewis (4) in 
a paper read at the 1947 meeting of the Midwestern 
Psychological Association. Lewis’ subjects performed 
on a special model of the Mashbum apparatus built 
at Iowa. They first practised with the three controls 
in their usual setting. After attaining proficiency in 
the required task, they were given practice with all 
controls reversed. Following this reversed practice, 
they relearned the original task. Reliable decrements 
in performance appeared during the initial stages of 
relearning. 

Buxton, in collaboration with Henry and Grant (/, 
3), had previously studied the effects of three dif¬ 
ferent varieties of motor activity on acquired ability 
to perform on it Koerth-lype pursuit rotor, but had 
found only relative retroaction and not actual decre¬ 
ments in ability to perform—decrements such as those 
easily demonstrated in verbal learning. In contrast 
to the decrements obtained by Lewis, Buxton could 
point only to amounts of gain in pursuit rotor per¬ 
formance following the interpolated activities which 
were, different from the amount following a period 
of reBt. 

1 Studies of associative Interference In peyeUomotor per¬ 
formance are being conducted at the State University of Iowa 
under Contract Nflori-fiT with the Special Devices Center, 
Olttoe of Naval Besearcfe. 


The Mashburn apparatus 2 in modified form seemed 
ideally suited to the studies of associative interference 
undertaken by Lewis. Basically, the unit consists of 
three double banks of small pilot lights and of a con¬ 
trol stick and rudder bar. Each bank haa a row of 
13 red stimulus lights and a parallel row of 13 green 
response lights. Various combinations of stimulus 
lights come on automatically in random order, to 
provide patterns of red lights that must be matched 
by corresponding green lights. The three rows of 
green response lights are separately controlled by 
means of commutators and brushes associated with 
the stick and rudder bar. The green lightB in any row 
come on and go,off in succession as the corresponding 
control is moved in a given direction. 

When & subject performs on the apparatus, he is 
presented with, three randomly selected red lights, 
one in each of the three double banks. His task is 
to manipulate the stick and rudder bar until a green 
light is shining opposite each of the three red lights. 
When this condition prevails, a stepping relay oper- 

* The api^ratue was originally devised by Mashburn (6) 
for use ill detecting flying aptitude. The Iowa model was 
constructed by Lewis for an investigation of the effects of 
noise and vibration on psyebomotor responses (8). During 
the recent war, a somewhat improved form of Masbburn’s 
original instrument was used extensively in the selection of 
air cadets and came to be known as the S, A* M. Complex 
Coordinator, a general description of which has been provided 
by Melton (7). 
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atea automatically to bring up a new combination of 
red lights. This matching procedure may be con¬ 
tinued for desired lengths of time; and the score a 
subject makes is the number of three-way matches 
accomplished during a trial period. 

As first constructed for the study of noise and 
vibration effects, the Iowa apparatus, like Mashburn’s 
original, was arranged to simulate the controls in the 
old-fashioned airplane and to provide a maximum 
amount of eye-hand and eye-foot coordination. The 
green lights in the curved bank at the top came on in 
order from left to right as the stick was moved from 
left to right. Sidewise motions of the stick consti¬ 
tuted the so-called aileron control. Green lights in the 
vertical hank came on successively from above down¬ 
ward ftg the stick was pushed forward. Forward-back¬ 
ward stick movements constituted the elevator control. 
Pushing the rudder bar (the rudder control) with the 
right foot lighted the green lights in the bottom row in 
succession from left to right. 

The Iowa model of the apparatus was modified to 
provide, through a number of convenient switches, for 
a reversal of the correct movement of each control. It 
was thus possible for Lewis to have his subjects prac¬ 
tise for specified numbers of trials with the controls 
all set in their normal positions and then practise 
with all of the controls reversed. The interpolated 
practice, that is, the reversed practice, could be fol¬ 
lowed by relearning of the original task to discover 
the effects of the reversed practice. As previously 
indicated, Lewis’ study yielded clear evidence of asso¬ 
ciative interference—evidence in the form of absolute 
decrements in ability to perform. 

The decrements in performance were unmistakable, 
but they seemed far less extensive than would have 
been expected from the amount of confusion displayed 
by the subjects during the initial stages of relearning. 
Every subject was observed to make many false moves 
and yet the decrease in the number of matches was in 
some cases only slight. It was necessary to conclude 
that number of matches, as a measure of performance, 
was not sensitive enough to reveal the full extent of 
the interference effects. To increase the sensitivity of 
the apparatus, methods were developed for recording 
the number of false moves made by a subject imme¬ 
diately after each new combination of stimulus lights 
was presented. The three controls had to be placed 
in certain precise positions in attaining each three-way 
match. As soon as a match was made, a new com¬ 
bination of red lights appeared. The subject could 
then move each control either correctly or incorrectly 
—in the direction of the stimulus light or away from 
it. A movement of a control away from a light was 
counted as an error. It was thus possible for & sub¬ 


ject to make three errors on each match. Separate 
error counters were provided for the three controls. 
The number of errors made during each trial period 
became a measure of performance along with the num¬ 
ber of matches. The errors made on each of the con¬ 
trols can be studied separately or combined with those 
for Hie other two controls to yield a total error count. 





Fig. 1 

The addition of the error counting procedure has 
added greatly to the usefulness of the Mashburn appa¬ 
ratus as a device for investigating associative inter¬ 
ference. 

As part of a rather extensive study of interference, 
eleven male students volunteered to take ten practice 
trials on the apparatus on each of 15 consecutive days. 
Each trial had a duration of two minutes. On each 
practice day, there was a rest period of two minutes 
between trials 5 and 6. All other trials were sepa¬ 
rated by a pause of 15 seconds. On the first five days 
(the first 50 trials), the subjects practised with the 
controls set in their normal positions. On the next 
five days (50 trials), the practising was done with the 
controls reversed. The original task was relearned 
on the last five days (50 trials). 

The results for the eleven subjects are shown in Fig. 
1, where mean number of matches and mean number 
of errors are both plotted as ordinates while trials are 
represented along the abscissa. There are separate 
plots for original learning, interpolated learning, and 
relearning. The upper curve in each case depicts the 
mean number of matches, while the heavy dashed 
curve (second from the top) shows total number of 
errors. The three lower curves are based on the mean 
number of errors made separately on the three con¬ 
trols, the control for each being indicated in the 
legend at the top of the figure. 

During original learning, the mean performance of 
the subjects improved from 12.7 matches on trial 1 
to 38.5 matches on trial 60. There was an initial in- 




September 16, 1949, Vol. 110 


SCIENCE 


273 


crease in total number of errors from 10.5 to 14.4, ward in total errors and in errors on the elevator con- 

then a leveling off for a few trials, and finally a slight trol during interpolated learning, 

downward trend. Most of the decrease in errors oc- At the outset of relearning, the mean number of 
curved on the rudder control. matches was 22.0—a sharp reduction from the number 

At the outset of the reversed practice (interpolated on the last trials of original learning. The mean 

learning)i the mean number of matches was 16.0. number of errors (25.3) was shurply increased. Mis- 

The facilitation was undoubtedly the result of positive takes were made on all of the controls, but the number 

made on the elevator was again conspicuously large. 
The decrease in number of matches and the increase in 
errors both pointed unmistakably to the functioning 
of associative interference. The interference effects 
were largely dissipated by the end of the first day of 
relearning, although remnants of them probably per¬ 
sisted into the third or fourth day. The reduced num¬ 
ber of matches on the first and second trials of days 2, 
3, and 4 of relearning may have arisen from lack of 
warm-up, but may have resulted in port from a re¬ 
covery of interference effects during 24-hour periods 
without practice. 

Evidences of associative interference similar to hut 
f — J m loss conspicuous than those displayed in Fig. 1 may be 
seen in Fig. 2, where results are presented for a group 
of nine male students given practise on 14 consecutive 
transfer. Positive transfer in the task was to be days 1 on the Mnshburu apparatus with a different ar- 

(wpeeted because the subjects, during original learn- rangement of the controls. On the Iowa model, it is 

ing, became familiar with the general requirements possible to connect uny one of the three controls to 

and with the way the controls were best manipulated. all .V one ol the three banks of lights. When the data 

Associative interference was also to be expected. The for Fig. 2 were collected, the rudder bar controlled the 

combinations of stimulus lights were the same for u PP« r curve bank of green lights, while the aileron 

original and interpolated learning, but exactly op- and elevator controls were associated with the vertical 

posite movements of the controls had to be made in ,,lut horizontal banks, respectively. The resulting task 
response to the lights. The error curves provide clear was somewhat more difficult than the one arising with 

evidence of interference at the beginning of reversed ,be standard arrangement of the controls. This 

practice. 3 (The mean number of errors on trial 3 was greater difficulty was revealed not only by the smaller 

21.4.) Mistakes on all three controls contributed to number of matches made after equal amounts of prac- 

the increase in total errors, hut the contribution made ti<,p but also b .V » somewhat, greater number of errors, 

by false moves on the elevator control was greatest. ^ be functioning of positive and negative effects at the 

The subjects all Te.ported experiencing the greatest outset of interpolated learning may be readily inferred 

amount of difficulty with the elevator control. As from the data, and the functioning of associative inter- 

shown by the curves, there was a general trend down- ference during relearning is unmistakably revealed. 

* Initial performance on the Mashburn apparatus with the 4 Five days (60 trials) of original learning, five days (60 
controls reversed had been shown to be quite similar to Initial trials) of Interpolated learning, and four days (40 trials) of 
Performance with the controls In their normal position. relearning. 
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Ultraviolet Action Spectrum of 
Tl Bacteriophage 

Donald J. Fluke 1 and Ernaet C. Pollard 

Biophysics Division, S/mm Why tics Laboratory, 

Yolo University , New Haven 

Tl bacteriophage is a self'duplicating organism of re* 
markable stability. In the presence of a small amount 
of dried broth it e&n be maintained dry almost in deft* 
nitely. Advantage has already been taken of this to 
study the target size for deuteron inactivation (<£). This 
target appears to be smaller than the whole bacteriophage 
particle. It is therefore of some interest to study the 
relative effectiveness of ultraviolet light in causing inac¬ 
tivation. Such studies have been made by Gates (I) on 
8. owe us bacteriophage and by Hollaender (in *) on vari¬ 
ous bacteria. A recent review of the significance of ultra¬ 
violet action spectra has been given by Doofbourow (tf). 

If the number of bacteriophage particles initially pres¬ 
ent is and after receiving an intensity I for a time t 
a number n survive then the relation 

«• 

bolds where o is a constant for any one wavelength. This 
relation requires the random absorption of photons and 
applies only if the bacteriophage layer is uniform, the 
ultraviolet light is uniform, and there Is no absorption 
by broth. Results indicate that if allowance is made for 
departure from these conditions, the relation is obeyed. 

Our procedure has been to measure a for a series of 
wavelengths of light given by a quartz mercury arc and 
the resulting plot of a versus wavelength is the action 
spectrum. 

Bacteriophage assays are made by plaque counts, the 
bacteriophage being mixed with E. coli and agar suffi¬ 
ciently warm to spread out on a Petri dish. Tho agar, 
coli, and bacteriophage mixture is then incubated at 
25° C for about 8 hr and the plaques counted. We are 
indebted to Mrs. Marjorie Reauxne for almost the whole 
of the preparation and plating work. 

Selection of a particular wavelength was by means of a 
monochromator built according to a design by Harrison 
(#). It consists of an aluminized concave mirror placed 
at a slant under a water surface. A TT-A2 uyiarc is the 
principal Hght source used and the intensity of the 
emergent beam is monitored with a photocell which has 
been calibrated against a thermopile. 

The results were compiled from seven runs, during 
which time some modifications of equipment and tech¬ 
nique were made. The spectral dependence was found to 
be similar in spite of change of arcs, renewal of the 

*t7. B. PubUc Haalth F«Uow. 



Fio. 1. Representative Inactivation curves In which the 
logarithm of the percent survival Is plotted against the radia¬ 
tion dose. Tbs logarithmic relation holds over a factor of 
ten. At shorter wavelengths absorption In the broth, com¬ 
bined with sample In homogeneity, causes a departure at high 
dose figures. 

mirror surface, and change of the amount of dried broth 
in which the bacteriophage was irradiated. Full energy 
calibration was only carried out in the last few runs. 

In ordeT for a to be a valid indication of sensitivity, 
the rate of inactivation with energy dose must follow the 
relation given. Unless irradiation is at the same inten¬ 
sity for all wavelengths, the validity of doses as products 
of intensity and time must also be considered. Curves 
are shown in Fig. 1 for wavelengths 2650 A and 2803 A. 
Data are included for three runs, for which the intensity 
was varied over a factor of 2.5. Within the dispersion 
of the data, reciprocity of time'and intensity appears to 
be acceptable. The dispersion for these runs is at least 
partly statistical, since control plaque counts were about 
100. Treatment of the data as logarithmic also appears 
valid, at least to the 87% point at which a is determined. 
At longer wavelengths individual curves were even move 
accurately logarithmic. 

At 2650 A and shorter wavelengths a positive curvature 
at lower survivals is noticeable. Decrease of the amount 
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of broth on each irradiation atrip from .05 to .01 ml re¬ 
duced this curvature from 20 or 30% survival to below 
10%. Absorption in the broth film is the most probable 
explanation, for although an absorbing film of uniform 
thickness would still give nearly logarithmic inactivation 
(4), we were not able to obtain consistently uniform 
broth layers. The difficulty of measurement and transfer 
of these small volumes is the most likely cause of the 
dispersion of the points on our inactivation curves. 


TABLE t 


X. A 

3004 

8131 

2967 

2894 

2803 

2760 


87% dose, 
eran/mm* 

~ 100,000 

80,000 

1200 

7BO 

220 

224 


X, A 

2700 

2050 

2540 

2482 

2400 

2350 

2250 


207 

185 

232 

455 

528 

927 

0DW 


The calibration of intensity in absolute units must be 
considered less accurate than the relative intensities of 
various wavelengths. The energy doses in ergs/mm 2 for 
reduction to 37% survival are shown in Table 1. The 
action spectrum plot is given with o calculated for It 
expressed in quanta/mm 2 . 

The results are very similar to those obtained by Gates. 
The features to note are the minimum at 2425 A t which 
is rather long In wavelength for desoxyribose nucleic acid, 
and the rather high inactivation at 2800 A. The value 
of tf appears to fall at 2250 A, but this may be apparent 
and not real, since there can be heavy broth absorption. 
We do not believe that there is a sharp rise corresponding 



to protein absorption, however, as the broth absorption 
as estimated by rough measurements could hardly have 
exceeded a factor of two. 

A comparison with work on bacteria as tabulated by 
Hollaender can be made. Our figure for the 10% dose 
at 2540 A is 535 ergs/mm*. This shows that dried T1 
bacteriophage is less susceptible at this wavelength than 
vegetative bacteria, but more so than spores. 
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Lysis of Formaiinized Bacteria 
by Bacteriophage 

L. W. Ubaw, V. M. Mod*,, ud Ralph W. G. Wyckoff 

Laboratory of Physical Biology, 

Experimental Biology and Medicine Institute, 

National Institutes of Health , Bethesda, Maryland 

Recently it has been pointed out (1, B) that many lysed 
cells are found in mixtures of young and actively growing 
cultures of the B strain of Msooli with suspensions of 
certain bacteriophages when such mixtures are chilled 
and prepared for electron microscopy after very short 
incubation. After longer incubation stages in the devel¬ 
opment of new bacteriophage, particles are evident in 
such masses of lysed protoplasm. We have now found 
that the same phenomena of bacterial lysis and bacterio¬ 
phage production are observed using bacteria previously 
inactivated with formaldehyde. 

The bacteria used were 1 to l|-hr cultures in tryptose 
broth. They were inactivated by being held for 15-30 
min at room temperature after the addition of the desired 
volume of commercial formalin. Then the cella were 
washed once or twice by putting them in fresh broth and 
sedimenting them in a centrifuge. The washed suspen¬ 
sion was made up to have a turbidity approximately that 
of the original culture. Effectiveness of the formalinizo- 
tion was tested in each instance by streaking a loop of 
this suspension on an agar plate and incubating. Such 
test plates remained completely free of bacterial growth 
when a concentration o f 0.2% or higher of formaldehyde 
was employed; a few isolated colonies sometimes devel¬ 
oped if the formaldehyde concentration was 0.04 or 
0.08%. Such suspensions of killed, washed bacteria be¬ 
come clear on incubation following the addition of a edit¬ 
able bacteriophage suspension containing enough particles 
to infect the bacteria present. Samples for electron mi¬ 
croscopy were withdrawn after periods of incubation up 
to 1 hr. Immediately chilled in iee water, and centrifuged 
cold, and the sediment was washed by s ucc es si ve centrifu¬ 
gations first from 0*5% formalin-saline and then from 
water-formalin. Final suspensions in a small volume were 
spread and dried in the usual formvar-covered gride and 
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metal-shadowed for electron microscope examination* 

What was seen depended on the strength of the formal' 
dehyde used for inactivation, At all concentrations up to 
the highest tried (1% formaldehyde = 2.5% formalin) 
there was the same picture of extensive cell rupture after 
short incubation that was observed with living bacteria. 
The masses of bacteriophage particles in the ruptured 
bacteria of many preparations further demonstrate be¬ 
yond question that bacteriophage has proliferated during 
incubation with killed organisms. Electron microscopic 
evidence for such proliferation has been clear for both 
T2 and T4 bacteriophages; none could, on the contrary, 
be found in numerous experiments with T3 bacterio¬ 
phage, though lyBis evidently had occurred. The number 
of new bacteriophage particles depends obviously on the 
strength of the inactivating formaldehyde. As far as 
can be judged by electron microscopy, bacteria treated 
with 0.04% formaldehyde support as extensive bacterio¬ 
phage multiplication as do living bacteria; the number 
of new particles appears diminished at concentrations 
above 0.2% formaldehyde and is greatly reduced and 
perhaps completely arrested at the highest concentration 
used (1%). It is also greatly lowered if the killed bac¬ 
terial suspension is allowed to stand for several hours 
before tbe addition of infecting bacteriophage. 

It has been instructive to determine by plaque count¬ 
ing the number of viable bacteriophage particles in these 
lysed suspensions of inactivated bacteria. They depend, 
even more strikingly, on formaldehyde concentration. 
With all but the minimal amount of formalin, the recov¬ 
erable particles were far fewer than those added to bring 
about lysis, but after inactivation with 0.04% formalde¬ 
hyde the yield often greatly exceeded the input. Thus 
in one experiment where suspensions containing 10& killed 
bacteria per ml were inoculated with approximately 
10o particles of T4 per ml, the yield was reduced to 
about 0.01 the inoculum when the killing concentration 
of formaldehyde was 0.2%; it about equaled the in¬ 
oculum when it was 0.08%; and it was about tenfold 
greater when it was 0.04%. Evidently the newly formed 
bacteriophage particles that the electron microscope shows 
developing from the more strongly formalin!zed bacteria 
either do not fully mature as independent infectious units 
ot they are themselves gradually killed by the formalin- 
treated protoplasm which they have consnmed. 

Light on this point can be drawn from studies we 
made of tbe relative sensitivities of different bacterio¬ 
phages to formaldehyde. These demonstrated, for in¬ 
stance that whereas the titer of a suspension of T2 or T4 
was reduced to much less than 10 ~s 0 f its initial value by 
contact for 15 min with 0,2% formaldehyde, most par¬ 
ticles in a suspension of T1 withstood 1.5% formaldehyde 
for at least one hour, Notwithstanding this remarkable 
resistance of T1 bacteriophage and its ability to lyse 
formaliniaed bacteria, its titer after such lysis was as 
dependent on the concentration of formalin used for bac¬ 
terial killing as was that in the corresponding experiment 
with formalin-sensitive T2 or T4 bacteriophages.. 

These experiments on the development of particles of 
bacteriophage at the expense of bacteria that were in¬ 


activated by formalin have a direct bearing on the nature 
of this inactivation, as well as on the nature of bac¬ 
teriophage and its mode of multiplication. They do not 
yet give a sufficient answer to any of these questions, 
but they definitely prove that certain bacteriophages can 
proliferate on bacteria that have been killed in the sense 
of having jbeen rendered unable to develop into visible 
coloni^. Other methods of experimentation will be re¬ 
quired to “show whether in this case bacteriophage is 
actually multiplying on already dead or on dying cells. 

These studies are being extended to other circumstnmv* 
of bacterial killing and will be reported plscwhcT<\ 
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Granulosis Disease in the Buckeye 
Caterpillar, Junonia coenta Hiibner 

Edward A. Stemhau* and Clarence G. Thompson 
Laboratory of Intact Pathology , 

Division of Biological Control , Collage of Agriculture, 
University of California , Berkeley 

The first reported instance of a granulosis disease of 
an insect in the Western Hemisphere was that found oc¬ 
curring in the variegated cutworm, Peridroma margari- 
tom (Haw.), which was being reared in an insectary in 
California {IS). In September 1948, several specimens of 
the buckeye caterpillar, Junonia coenia Hiibner, collected 
near AVestley, California, and brought into the laboratory 
were found to be infected with what also appeared to he 
a granulosis virus. This observation was confirmed by 
the microscopic demonstration of characteristic grannies 
in the diseased host tissues, and by electron microscope 
demonstration of the virus particles in the granules. 

In general, the disease and the accompanying granules 
in Junonia arc very similar to those of Peridroma. Cross 
infection experiments, however, showed that the two dis¬ 
eases were not identical, since neither host is susceptible 
to the virus of the other. The Junonia virus is also ap¬ 
parently distinct from those causing granuloses of several 
European insects (J). Diseased Junonia appear brownish 
in color and lose their characteristic metallic blue-black 
luster. The time from the beginning of the infection to 
the death of the insect varies considerably and may be 
rather prolonged. As a rule, death results in 6-12 days 
after infection. Dead larvae “hang up" on the food 
plant or die on the ground or on the bottom of the rear¬ 
ing cage. The integument usually remains intact. 

When the integument is ruptured, the body fluid flows 
out. rapidly and if the disease has progressed far enough 
the fluid has characteristic milky appearance. When 
examined with an ordinary compound microscope the fluid 
was seen to be filled with iarge numbers of small granules. 
Microscopic examination of pieces of the fat body Showed 
granules present in cells of this tissue. Electron micro¬ 
graphs of these materials showed the granules to be ovoid 
bodies about 850 * 500 m*i in rise (Pig. 1A). 





Fig. 1. A. Grannies characteristic of the jrrnnuloals of the buckeye caterpillar, Junovin coenta Httbner. B. Granule* 
partially dissolved in 0.05 m sodium carbonate solution, showing the location of Virus particles, which are still covered with 
some of the granular material. C, Preparation in which the granular material has been completely dissolved, leaving the 
free rod-shaped virus particles. D. A single fat-tissue cell showing the nucleus slightly hypertrophied and beginning to 
disintegrate. The cytoplasmic area of the cell Is occupied by large fat globuleB. E. Fat-tissue cell later in the disease, 
nucleus greatly hypertrophied. F. Granules from salt marsh caterpillar, Mntigmene aeraea (Drury), suffering from ganuIosK 
A, B, C, and F, electron micrographs, magnifications approximately 10,000 x ; A, B, F, gold shadowed, D and E, ordinary 
photomicrographs, magnification approximately 1,100 x. (Photographs by K, M. Hughes aud II. B. Wasser.) 


In order to demonstrate the virus particle enclosed 
within the granule, the same technique as that used with 
Peridroma granules (4) was applied here. With the use 
of Na a OO a in a concentration of 0,05 M for 3 hr, the 
granules dissolved, revealing a rod-shaped virus particle 
enclosed within each granule, approximately 40 x 300 
in size. With certain preparations electron micrographs 
were made during the dissolving process, showing the 
virus particle still surrounded by some of the granule 
material, Such preparations indicate that the virus par¬ 
ticle is freed from the granule simply by the dissolving 
away of the granular material. Working with the gran¬ 
ule virus of Cacoecia murinana Hiib, Bergold (1) be- 
Ueved. that in some cases, at least, the virus slips out 
of the particle When under the influence of the alkaline 
solvent. The writers have not observed such action with 
®ither the JPeridromQ or J%no%ia granuloses viruses. 


Histopathological studies of diseased Junonia cater¬ 
pillars showed the fat tissue to bo the principal one af¬ 
fected by the disease, although at times other tissues such 
as the hypodemis and tracheal matrix were also involved. 
Sections of diseased larvae were fixed in Bonin's or in 
Carnoy's fixative and stained with iron hematoxylin or 
with Mallory'* triple stain. In such preparations, the 
nuclei of the fat (jells were prominently altered in appear¬ 
ance. As the infection progressed, the nuclei became 
hypertrophied, usually to a marked degree. Tho chroma¬ 
tin material of such nuclei underwent karyorrhexis and 
karyolysis and became diffused throughout the nuclear 
area. Granules, characteristic of the disease, seemed to 
be forming in the enlarging nuclei, and sometimes the 
greatly enlarged nuclei appeared to be liberating granules 
into the cytoplasm of the cell. At other times the nucleus 
appeared intact and yet some granules were present in the 
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cytoplasm. The granules possibly originate within the 
nucleus and sooner or later accumulate in the cytoplasm. 
At any rate, the hypertrophied nucleus eventually breaks 
down and disintegrates, at which time the granules may 
be seen distributed throughout the nucleoplasm and cyto¬ 
plasm of the host cell. 

Until the hypertrophied nucleus disintegrates it seems 
to be held intact or at least to be supported within the 
nuclear membrane by the fat globules pressing against all 
sides of the nucleus. Such a situation is not so apparent 
in the case of PcHdroma granulosis. In the Junania 
cells, however, the cytoplasm is almost entirely occupied 
by Hie globules of fat (Fig. 1, D, E) leaving very little 
room for the granules which, in the Peridroma, accumu¬ 
late in large numbers in the cytoplasm of the cell. 

In the later stages of the infection there seem to be 
fewer fat globules in the cytoplasm, which now may be 
fairly well filled with granules. TtwkNf the cell 'mem¬ 
branes themselves break down, liberating the granules 
and other contents of the cells into tho body cavity of the 
host insect. A few chromatin remnants may be seen scat¬ 
tered about in the almost completely disintegrated tissue. 
It Is at this time that the insect dies. 

Shortly after the Junonia granulosis was found, a simi¬ 
lar infection was discovered in specimens of the salt- 
marsh caterpillar, Sstigmene aeraea (Drury) collected in 
Albany, California. Whether the disease is caused by 
the same or another virus is not yet known. 
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A Filter Paper "Chromatopile ” 1 

Herschei K. Mitchell and Francis A. Hsskins 

Kerckboff Laboratorie* of Biology, 

CmlifomU Institute of Technology, Potaden* 

The application of one* and two-dimensional paper 
chromatography to the separation of small amounts of 
many kinds of compounds has become a weibestaUiahod' 
and useful technique (X, £, 3, S, 5). In general these 
methods do not handle sufficiently large quantities of ma¬ 
terials for isolation and chemical identification. Large 
columns of starch and other materials have been used 
satisfactorily for handling larger quantities of mixtures 
(4). Starch columns proved to be unsatisfactory, how¬ 
ever, for isolation of certain substances under investiga¬ 
tion in this laboratory. As a consequence, a new and 
simple apparatus and technique have been developed, 
using a pile of filter paper dicks as the absorbing column. 

1 This work was supported by foods tram the Rockefeller 
Foundation sad from the Atomic Boergy Commission admin¬ 
istered through contract with the Office of Naval Hesaarch, 
U A. Wan.Ueottset N«oa*244 Task Order V. 


A diagrammatic sketch of a cross section of the column 
is shown in Fig. 1. It consists essentially of three parts: 



Fie. X. Diagram of the filter paper pile column. 1. Con¬ 
nection for a rubber tube for filling the siphon. 2. Connec¬ 
tion for the siphon tube. 8. Rubber gasket. 4. Filter paper 
disks containing the sample. 6. Stainless steel plates. 6. 
Perforated stainless steel plate. 7. Filter paper disk pile. 
8. Wing nuts. 9. Bolts at fonr corners of steel plates. 

tho pile of filter paper itself (No. 7 in Fig. 1), a clamp 
for packing the paper tightly, and the solvent distributor 
at the top Of the pile. The metal parts are constructed 
from stainless steel. The solvent distributor is connected 
by a siphon of rubber tubing to a 24 flask containing 
about I 1 of solvent mixture. Tho flask is adjusted so 
that the level of the solvent is even with the top of the 
paper pile. In operation the column is placed upright 
on the ends of the clamp bolts in a 9 in. x 12 in. battery 
jar containing about 200 ml of solvent mixture. The jar 
is covered, with a hole left for the siphon tube. 

The results of a trial run on known compounds will 
fiSrve to illustrate the utility of the apparatus. Fifty mg 
oacb of adenine, tryptophane, phenylalanine, p-aminocin¬ 
namic acid, and antbronUic acid was dissolved in 80 ml 
Of 0.1 N H€1 and H&e edhitiob won placed in the fid of 
a 100 mm Petri dish. Disks of 9-cm Whatman No. 1 
filter paper were immersed in the solution, allowed to 
drain, and hung up to dry in .air at room temperature. 
Twenty-five sheets were required to take up the solution 
and rinsings. To prepare for packing the column, the 
bottom plate of the clamp was removed and the damp 
placed in an inverted position with the solvent distributor 
down. Forty filter paper disks (9 cm diam) Were than 
placed carefully in the center qf the perforated plate, 
followed by the 25 dried sheets containing tike sample. 
The remainder of the column was made up of a pile of 
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8 packages of filter paper (9 cm, Whatman No. 1; total, 
866 sheet*). After careful alignment of the paper disks, 
the bottom plate of the clamp was placed on the pile 
and the wing nuts tightened as much as possible without 
mechanical aid. The column was then placed in the bat* 
tery jar with the solvent distributor up. The distributor 
was then filled with the solvent mixture (3 parts tt-buta* 
nol; 1 part tert -butanol and 1 part of 0.1 N HC1) with 
a pipette, and the siphon from the solvent container was 
connected and filled. After 28 hr the solvent front had 
descended 13.2 cm. The column was then removed from 
the jar and the pile taken out in sections. After the 
approximate locations of the five compounds had been 
determined by qualitative means, disks were taken 6, 10, 
or 20 at a time and extracted with hot 0.1 N HC1 for 
adenine, tryptophane, and phenylalanine and hot 0.1 N 
NH 4 QH for the remaining two compounds. Adenine, 
tryptophane, and p-aminocinnamic acid concentrations in 
the extracts were determined with the Beckman Spectro¬ 
photometer. Phenylalanine was determined colorimetri- 
eally with ninhydrin, and anthranilic acid fluorometrically 
with a Coleman Photofluorometer. The total recoveries of 
compounds from the column sections analyzed were: ade¬ 
nine, 41 mg; tryptophane, 46 mg; phenylalanine, 46 mg; 


MSS. PER DISK 



p-aminocinnamic acid, 44 mg; and anthranilic acid, 46 
mg. Thus, without considering losses in sheets removed 
for qualitative tests, 223 mg was recovered from the 
original 250 mg in the mixed sample. The distribution 
of the compounds on the column is shown in Fig. 2, As 
noted in the figure, the solvent traveled from the last 
sheet of the mixed sample through 730 filter paper disks 
or a distance of 11.8 cm. In the case of the sharpest 
peak (phenylalanine) more than 96% of the compound 
recovered was found in 36 filter paper disks representing 
a thickness of a little less than 6 mm. With such a de¬ 
gree of resolution it is clear that the solvent front move* 
ment is remarkably uniform in this type of column. 
Color tests made directly on sample disks showed a 
slightly more rapid movement of solvent at the edges, 
but the difference in rate is apparently negligible. 

The simplicity and eise of operation of the filter paper 
pile column provides a practicable method for isolations 
without requiring complicated equipment. One feature 
which is most desirable is the ease with which a sample 
can be removed and incorporated into a new pile. Thus, 
a section of disks containing a desired compound can be 
taken out and placed in a new pile for use with a differ* 
ent solvent mixture. 
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Tryptophane as an Intermediate in the 
Synthesis of Nicotinic Add by Green Plants 

f. G. Gustafson 1 

Department of Botany, University of Michigan, Ann Arbor 

The paper by Beadle, Mitchell, and Nyc (6) demon¬ 
strating that certain selections of Neurospora are able 
to syattyatee nieofeiak acid 1 f rom tryptophane suggested 
the writer that higher* greCn' plants might also have 
this ability, but only recently was it possible to set up 
such an experiment. That tryptophane is a .precursor of 
nicotinic add has now been quite conclusively demon¬ 
strated for ft number of organisms. Nason (7) has very 
recently demonstrated that corn embryos are able to syn¬ 
thesise this vitamin when supplied with tryptophane and 
vitamin B fl . Several investigators have shown that ani¬ 
mals can also use tryptophane in the tyntheds of nicotinic 
add (6, A, 9) , and there seemed to be no good reason why 
green plants could not do likewise* 

* Paper No. 890 from the Department of Botany of the 
Ctetverrtty Of Michigan. Thialnvestfgation has been Sided 
teaadatty by the U. fi. Public Health fisrvtoe, and seme 
of the chemicals have been supplied by Merck and Co. 
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Leaves of cabbage, broccoli, and tomato plants grown in 
the greenhouse were used as plant material. The trypto¬ 
phane was supplied to intact leaves through the petioles, 

TABLE 1 

SrNTHKSiB or Nicotinic Acid bt Ghkxn Plants from 
Tryptophan** 


Plant 

Time 
in hr 

Concentration of tryptophane in % 

0 

0.025 

0.05 

0,10 

Broccoli .. 

26 

9.22 


9.35 

9.92 


47 

8,18 


8.53 


Cabbage .. 

70 

8,25 

9.73 

9.92 



98 

7.52 

7.98 




43 

6.04 


7.40 

7.20 


47 

0.65 

8.25 

7.81 

7.43 

Tomato ... 

48 

5,14 

6.08 




22 

4.44 

4.69 




24 * 

5.81 

5.70 

6.86 



47 

5.05 

0.18 

5.99 



25 

5.40 

6.35 

6.70 



40 

0.30 

7.40 

8,04 



48 

6.57 

6.62 

0.80 



71 

0.04 



7.10 


48 

5.18 

0.12 

7.00 

7.64 


47 

4.40 

n.70 

5.63 



48 

4.75 

5.35 

5.00 



48 

3.62 


4,GO 

5.10 

* The figures denote Mg of vitamln/g of fresh plant material. 

which were 

dipped into the solution. 

Nicotinic acid was 


determined by the microbiological method using Lacto - 
bacillus arabinosus as the test organism. The procedure 
as outlined in Methods of vitamin assay ( 1) was followed. 
The time allowed for synthesis to take place was usually 
about 48 hr, though longer and shorter periods were also 
used. Three days were too long, as the leaves wilted and 
the plants were not at their beet; and usually more vita¬ 
min was obtained in two days than in one. Concentra¬ 
tions of dl -tryptophane ranged from 0.025 to 0.10 % 


TABLE 2 

St NTHKSIH OF NICOTINIC ACID FROM Tit Yl’TQPH ANR BY 

Green Plants in Dark and in Liuht* 


Plant 

0 

Concentration of tryptophane in % 


In light 

0.05 

0.10 

0 

in dark 

0.05 

0.10 

Tomato . 

. 3.64 

4.56 

0.10 

3.80 

3.93 

4.71 


4.98 

5.72 

6.72 

4.47 

4.98 

6.32 


6.07 

6.87 

6.83 

4.05 

5.66 

5.76 

Cabbage . 

. 8.94 

7.48 

7,20 

6.25 

6.66 

6.96 


* Figures denote ag of vitamln/g of fresh material. 


L-tryptophane. These concentrations may seem a little 
high bdt since the experiments cannot be run very long 
it has seemed best to have high concentrations and get a 
high rate of nicotinic acid synthesis. No attempts have 
been made to study the relation between concentration 
of tryptophane and concentration of nicotinic acid ob¬ 
tained. Table 1 gives the results of these experiments. 

While only a few experiments were done with broccoli 


and eabbage and there is not a constant increase in 
nicotinic acid assayed with increase in concentration of 
tryptophane supplied to the plants, there is, nevertheless, 
no doubt that the three plants used have synthesised 
nicotinic acid from tryptophane, which is all that the 
writer is attempting to show. The variation in amount of 
vitamin in different experiments is due, as has been 
pointed out (4), to differences in age of leaves used. 

Another observation, which has nothing to do directly 
with nicotinic acid, should bo recorded. When 4-5-in. 
tips of tomato plants with their young leaves wero put 
in higher concentrations of tryptophane, the young im¬ 
mature loaves showed unmistakable sigds of response to 
growth hormones. They curled up much as they would 
if the stem had been supplied with indoloacetie or butyric 
acid. They had evidently synthesized a growth hormone 
from tryptophane. This has been shown before but only 
under special circumstances. 

The WTiter has previously shown (5) that light influ¬ 
ences the synthesis of thiamin and riboflavin by green 
plants, and unpublished data indicate this may be true 
also for nicotinic acid. Experiments wero therefore set 
up in dark and in light. Table 2 presents the findings. 

Evidently light is not a factor in this synthesis. Re¬ 
cently Bonner ( 3 ) has outlined a scheme for the synthesis 
of nicotinic acid from anthranillc acid. He does not, 
however, state how anthranilic acid might be formed from 
the products of photosynthesis. 
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Relation of Sporadic E Reflection and 
Meteoric Ionization 

V. C. Pin«o 

Central Radio Propagation Laboratory, 

National Bureau of Standards F Washington, 0, C. 

„ One of the purposes of Hie radio-meteor research pro¬ 
gram at the Central Radio Propagation Laboratory of 
the National Bureau of Standards is to determine to 
what extent meteoric ionisation may be responsible for 
sporadic E reflections from the ionosphere. Various in¬ 
vestigators (i, 3 , 4 ) have propoeed that sporadic E re¬ 
flections ore caused by ionisation produced in the at¬ 
mosphere by meteors. Observations made up to the 
present time at this laboratory f ail to support this view. 
Since radio-meteor observations were begun at this 
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laboratory (£) special equipment for the purpose has 
been constructed and placed in regular operation. It 
consists of two transmitters and receivers operating on 
27.2 and 40.98 mc/s emitting pulses with a peak power 
of 10 kw. Reflections of the pulBes by meteor trails 
are displayed on a cathode-ray oscilloscope and simul¬ 
taneously recorded on two recording milliamraeters. The 
emitted pulses are approximately 50 microseconds in 
width and the pulse repetition rate is 60/sec. Duration 
of the sweep is adjustable to a maximum of 4 millisec¬ 
onds. The antennas are half-wave horizontal dipoles 
spaced a quarter wavelength aboveground, thus directing 
the radiation predominantly upward in accordance with 
the well-known pattern of these antennas. Separate 
but similar antennas are used for emitting and receiving. 

Multifrequeucy ionospheric records are obtained con¬ 
tinuously at the Sterling, Virginia, station where the 
meteor equipment is installed. Sweeps over the fre¬ 
quency range 1-25 mc/s are made regularly every 15 min. 
The multifrequeucy transmitter’s pulse width, pulse repe¬ 
tition rato, and peak power output to the antenna (but 
not necessarily its radiation therefrom) are approximately 
the same as for the meteor equipment. The antenua is a 
modified rhombic, oriented so that the main lobe is di¬ 
rected upward. Although no direct measurements of the 
antenna pattern have been made, it is known that the 
directivity of the antenna and its * radiation efficiency 
change with frequency. At the lower frequencies this ef¬ 
fect reduces the power radiated in the desired direction. 
Strong interference is encountered from other broadcast¬ 
ing stations in the frequency range between 1 and 2 mc/s. 
Because of this interference and the relatively poor radia¬ 
tion efficiency at these frequencies the receiver, which is 
not sharply tuned, often does not obtain reflections even 
from the normal ionosphere layers at the lower frequen¬ 
cies. The time required to sweep over the frequency 
range 1-25 mc/s was 15 sec during these observations. 

On numerous occasions, the operation of the multifre¬ 
quency ionospheric equipment has been visually observed 
while meteors were being recorded with the regular radio- 
meteor equipment. In general, no relation was ob¬ 
served between the occurrence of sporadic E reflections 
on the multifrequency equipment and reflections from 
meteor trails on the other apparatus. On certain occa¬ 
sions, however, records of reflections from The multifre¬ 
quency equipment have been obtained coincident in time 
and range with reflections received on the meteor equip¬ 
ment and also, in some eases, with visually observed 
meteors. These reflections resemble sporadic E reflec¬ 
tions, and could be so interpreted, although distinct dif¬ 
ferences between the two types of records can be seen. 

An excellent illustration of these differences was ob¬ 
tained during the November 1948 Leonid meteor shower. 
The meteor equipment was in operation on both fre¬ 
quencies. 

On the morning of November Ifi, 1048, at 0056 eastern 
standard time, a high intensity meteoric reflection was 
visually observed; on the monitor oscilloscope, simultane¬ 
ously on both frequencies at a distance oil 126 km, con¬ 
tinuing imr 4 min on the lower frequency and for % min 



Fto. 1. Meteor record November 10, 1048. 

on the higher frequency. At 0058 eastern standard time, 
the multifrequency equipment was turned on manually 
and showed, in addition to the regular F2 reflections, 
regular sporadic E reflections at a virtual height of 100 
km which had been prevalent all night, and also another 
reflection at a virtual height of 125 km, which extended 
to a somewhat higher frequency. The appearance of this 
125-km reflection, coincident with echoes seen at the 
same range on the meteor-recording equipment, seems to 
be sufficient evidence that what appeared as a layer at n 
height of 125 km was indeed the ionized trail of a 
meteor. These reflections varied considerably in inten¬ 
sity. It is to bo noted that the echoes hnd already dis¬ 
appeared on 40,98 megacycles and wore beginning to fade 
rapidly on 27.2 megacycles at the time the regular iono¬ 
sphere recorder was turned on. Approximately 2 min 
later the ionosphere recorder came on automatically, 
making two consecutive sweeps, both of which showed 
sporadic E reflections at 100 km but neither of which 
showed the 125-km reflection which appeared earlier. A 
previous sweep, made at 0045 eastern standard time, 
showed faint sporadic E reflections at 100 km but noth¬ 
ing at 125 km. 

Fig. 1 shows portions of the traces from the recording 
milliammeters on the two operating frequencies on which 
the record of the meteor appears. The pips on the lower 
margins are placed there automatically whenever the mul* f 
tifrequency ionosphere recorder is turned on. Fig. 2 is 
a reproduction of the photographic record made by the 
multifrequency equipment, (A) at 0045 eastern standard 
time, (B) at 0058 eastern standard time, showing the 
125-km reflection attributed to the meteor trail just 
above sporadic E reflections from 100 km, and (O) at 
0100 eastern standard time, at whieh time the 125-km re¬ 
flection had almost entirely disappeared, although the 
sporadic E reflections were still present with consider¬ 
able strength. 

The meteoric reflection appearing in the E region of 
Fig. 2B resembles a sporadic E reflection in that there 
is no characteristic cusp indicating a critical frequency. 
However, comparison of this trace with that produced 
by the true sporadic E reflection shown in Figs. 2B and 
2C shows that the meteoric reflections, though weaker, 
are alsb more sharply and clearly defined than the spo¬ 
radic E reflections. The discontinuous character of the 
reflections, as a function of frequency, from the meteor 
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Fro. 2. Ionosphere m'onllngs at Sterling, Virginia, on 
\or. 15, 1048, showing sporadic E reflections at 100 km, and 
reflection from meteor trail (in B) at 125 km. 


trail and the absence of reflections at lower frequencies 
are attributed to variations in antenna radiation with 
frequency previously described. It is presumed that in 
the absence of this and similar difficulties inherent in 
operation of automatic multifrequency equipment, re¬ 
flections from the meteor trail would have been obtained 
even at the lowest frequency. 

Since November 15, reflections on the multifrequcncy 
equipment produced by meteors have been frequently ob 
served, often at times when true sporadic E reflections 
were entirely absent, as evidenced by continuous sweeps 
of the multifrequency recorder covering the period prior 
to the appearance of reflections on the meteor equip¬ 
ment and carried on through until their disappearance. 
Records obtained on the night of December 12, 1948, 
are shown in Fig. 3. In this* case true sporadic E re* 
flections were obtained from a height of 100 km and a 
meteoric reflection shown in Fig, 3B at approximately 80 
km. The records of Fig f 4 were made on December 18, 
1948, at a time when no sporadic E was present In both 
cases the* mnltifsequency equipment was turned on by the 
operator at the appearance of strong reflections on the 
meteor equipment. In both cases the reflections attrib¬ 
uted to the meteors were from an apparent height agree¬ 
ing with the range observed for the meteors. 

An examination of the photographs of Fig. 8 reveals 
several interesting characteristics of meteoric reflections 
In oemperison with those from sporadic & The sharp 


definition of tho meteor trace previously mentioned is 
again demonstrated. Also noticeable is the fact that the 
sporadic E reflections begin to appear at a lower fre¬ 
quency than those from the meteor. This effect is prob¬ 
ably due to the radiation pattern of the antenna used 
with the multifrequency equipment previously described 
and the comparatively small target area presented by the 
ineteofl trull. Another feature of Fig. 3R is the appear¬ 
ance of t%o M reflections. At tho frequency of 3 mc/s, 
used as a convenient reference abscissa, one sees a re¬ 
flection nt 375 km, which corresponds to the M reflection 
involving the sporadic E reflection as s^en in Fig. 3A at 
about 190 km, and another at 415 km, which is attrib¬ 
uted to the meteor, 

..In this second case the simple relationship, 2F minus 
height of meteor, would indicate a height of only 55 km 
for a mettarr directly overhead. The implication is that 
the meteor was to one. side of the observing location at 
a slant range equal to the 80-km direct reflection but 
at a somewhat lower true height. In this case the sim¬ 
ple relationship, 2F minus height of meteor, does not 
yield the apparent height of the M reflection involving 
tho meteor trail, indicating that the meteor reflections 
were not from a point directly overhead, and that the 
true height of the meteor was somewhat less than indi¬ 
cated by the direct reflection. 

* • 




Fi«. 3. Ionosphere recordings at Btarllng, Virginia, Dec. 
12, 1949, showing sporadic 30 reflections at 100 kin, and re¬ 
flection from meteor trail (in B) at 60 km. {Simulated re¬ 
flections at 150 km cflHsed by synchronous interference.) 
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Flo. 4. lononphere recording* at Sterling, Virginia, Dec. 
13, 1948, showing no sporadic B reflection t)uF*?efleclion from 
meteor trail (In II) at 105 km. (Simulated reflectionH at 
470 km canned by synchronous Interference.) 


Fig. 4 is similar to Fig, ft except that the records 
shown were made at a time when sporadic E was sot 
present, and the meteoric reflection could be erroneously 
interpreted as a sporadic E reflection. 

It has been found that the relative polarisation of tee 
antenna used with the ionosphere set and those used 
with the meteor equipment makes little or no difference 
at these frequencies. Coincidences of the type described 
occur when the orientation is such that the electric vec¬ 
tors are mutually perpendicular as often as when they 
are parallel. 

Although it is beyond the scope of this note to go 
into an involved discussion of the relation of sporadic E 
reflections and meteoric ionization, it has been shown 
that reflections are obtained from meteoric ionization 
which can be distinguished from sporadic E reflections. 
A preliminary statistical examination, now under way. of 
a large quantity of data obtained over several months 
of nearly continuous observation does not appear to show 
that variations in meteoric activity are associated with 
corresponding variations in occurrence of sporadic E 
reflections. Continued observation of meteoric activity 
and perhaps a new line of approach in the technique of 
obtaining and evaluating the data are necessary before 
more extended conclusions can be drawn. 
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Comments and Communications 


The Betatron Building and Installation at the 
University of Saskatchewan 

About two years ago the authors, all members of the 
staff of the Department at Physics at the University of 
Saskatchewan, felt theft in order to carry out a significant 
research in nuclear physics they should act together as a 
team for the purpose of obtaining and using a 25-Mev 
betatron, Xhe guoup was interested in investigating also 
its possible therapeutic uses in the treatment of cancer. 
Because of their wide interests they were able to enlist 
the generous support of the Atomic Energy Control Board 
of Canada in the purchase of the instrument and of the 
Provincial Government of Saskatchewan in tee erection 
o£ te* building to house it Auxiliary equipment has 
been obtained through the support of the university, the 
National Research Council of Canada, the National 
Cancer Institute, and Ideal cancer societies. The machine 
will be used both as an 2-ray machine and as an elec¬ 
tron beam machine. It is available to Other groups in 
tee univetetty who may wish to investigate tee biological 


and the chemical effects of high energy radiations. 

The betatron building was built in one angle of the T 
of the main building but separated from it by II ft. It 
has the same floor level and is connected to the main 
building. The principal research rooms and instrument 
shop facilities of the main building are thereby made 
directly accessible to the betatron building, yet the beta¬ 
tron itself, a source of highly penetrating radiation, is 
well removed from persons in the main building. Its 
beam is directed away from the main building and is 
well below ground level. 

The general plan of the betatron building, presented in 
Fig. 1, shows that the betatron room is surrounded by 
heavy concrete walla The wall in the direct path of the 
X-ray beam is seven feet thick. In place of having a 
direct opening and a necessarily massive door between 
this room and the control room, entrance is made through 
a corridor long enough to reduce scattered radiation te a 
tolerable level. This corridor is entered from the control 
room through a doorway which if closed by a light, sound- 
proof and airtight door. In spite of the greater walking 
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distance between the control panel and the betatron room, 
experience has shown that this plan is very satisfactory. 



Pio. 1. General plan of the betatron building. 


The betatron room is supplied with an overhead / beam 
with a chain block for lifting heavy equipment and mov- 
ing it along a line normal to the front plane of the beta¬ 
tron and in line with the beam. Beneath this / beam are 
two steel rails on which a heavy truck with flanged wheels 
may be rolled. These rails and a closely adjacent steel 
scale of equal length are flush with the floor. Thus heavy 
equipment can be placed quickly at any point in front 
of the betatron and its position recorded. The work 
benches extending along each aide and across the end of 
the room are fully equipped and have closed cupboards 
beneath them. The betatron itself rests ou a concrete 
pier which extends 4 ft into the ground and is sufficiently 
distant from the rear wall to give room for the manipu¬ 
lation of &if~puroping outfits which will be needed when 
donuts requiring continuous evacuation are used. 

The control room contains, ih addition to the usual 
laboratory benches, the large control unit, Between this 
room and the betatron room proper is a triple-glased win¬ 
dow, so placed that the operator at the control cabinet 
can see a large mirror mounted near the ceiling in the 
betatron room. This mirror can be TOtated by the op¬ 
erator about either or both of two axes arranged so that 
ho can constantly view the object or person being irradi¬ 
ated. Four large conduits inclined upwards at 45® from 
the betatron room make it possible to run experimental 
conductors from one side of tbe wall to the other without 
allowing any bundle of radiation to strike persons in the 
routrol room. 

Four small rooms are provided. The transformer room 
is closed by a heavy fire- and sound-proof door. It con¬ 
tains three tripling transformers, three step-down trans-' 
formers, and one I10-v service transformer, The photo¬ 
graphic dark room Ip of the usual design. The remaining 
t wo rooms are similar and are equipped as small laborato¬ 


ries. However, should developments indicate the need, 
each with its small dressing room may serve as a reception 
room for patients. A washroom is included. Mention 
should be made also of a storage vault at the outer end 
of the betatron room, which utilises space that otherwise 
would have been filled by concrete. Since the vault is 
entirclybelow ground level, 7 ft of concrete is not needed 
ther? fgr the absorption of radiation, as it is in the 
wall above. 

As might be expected, the operation of the betatron 
results in the release of considerable heat energy. To re¬ 
move this, a properly equipped fan Tbom, not shown, is 
built over the hallway. Its blower discharges air into the 
airtight betatron room, forcing the air from that room 
through an acoustically-treated conduit into the control 
cabinet, which contains a large bank of condensers. 
From there it escapes either from the building or into 
the fan room to be rdcirculated, according to the outdoor 
temperature—an arrangement made necessary by the wide 
variations in temperature characteristic of our climate. 

Fluorescent lighting is used throughout. All ceilings, 
the upper halves of the walls in the betatron room, and 
its entrance corridor are covered with Acousti-Celotex 
tile. A betatron usually has an objectionably loud hum, 
but it is found that the use of so much pcoustical material 
and the L form of the room combine to reduce the noise 
level in the betatron room to 92 decibels. In the control 
room the hum is certainly not objectionable—its inten¬ 
sity there is only 54 decibels, a common level in offices. 
In the other rooms it is even lower. 

TABLE 1 

Radiation Kbcbivhd Durino an 8 Hour Dat* 


In line wttb tbe X-ray beam at ground level outside 

tbe building. 0.02 r 

Maximum observed on the roof of the building and 

above the axis of the X-ray beam .. 0.40 r 

Near the door between the control room and tlie 
corridor leading to the betatron room: 

Control room side. 0.06 r 

Corridor side... 0.25 r 

In tbe corridor leading to the betatron room nenr 

the entrance to the betatron room proper .. 1.0 r 

At the control panel in the control room ... 0.05 r 

In tbe small laboratories ..... 0.02 r 

Directly behind the betatron in tbe hallway. 0.10 r 

In the dark room ... 0.05 r 


* Betatron operating at 24 Mev and giving an output of 
100 r/mln at 3 ft 

The Laboratory circuits distribute both a-c and d-e 
power, and include also storage battery lines. In the 
betatron room a special circuit’ makes it possible to block 
the operation of the betatron at three different points. 
A warning bom signal is automatically sounded 5 sec 
before voltage is applied to the magnet, thus giving any 
person working in the room ample time either to block the 
operation or to get out of the room. The uninsulated 
16,000-v terminals on the back of the betatron are suffi¬ 
ciently dangerous to warrant those precautions* The 
corridor offers an easy and quick escape from radiation 
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which would not have been possible had a heavy door 
been used instead* 

Stray radiation at various points was measured by a 
Victoreen radiation meter, both inside and outside the 
building, and tho results are recorded in Table 1. 

It will be seen that the building affords adequate pro¬ 
tection to everyone having to do with the betatron. When 
it is realised that the betatron will seldom, if ever, be 
operated continually for an 8-hr day the actual radiation 
likely to be received by any person is considerably smaller 
that that indicated in Table 1. The background count 
of a counter inside a lead castle situation in the main 
physics building is not affected by the operation of the 
betatron, although the background inside the betatron 
building is affected. 

The betatron was manufactured by Allis-Chalmers Com¬ 
pany of Milwaukee, Wisconsin, under the direction of 
Dane Scag. The machine is very similar to the one being 
used by the betation group under D. W. Kerst at the 
University of Illinois. The machine is provided with four 
elevator screws simultaneously operated by a single motor 
to raise the upper yoke of tho magnet. This greatly 
facilitates the replacement of donuts. The poles of the 
magnet are made of oriented steel and the field is nd- 
justed for azimuthal uniformity by package coils. The 
machine is provided with a monitor which records the 
Instantaneous intensity of radiation with auxiliary cir¬ 
cuits to integrate this intensity. After a prearranged 
dose in roentgens has been given the machine automati¬ 
cally shuts Itself off. The condensers for the tuning of 
the betatron are all located in the control unit. 

The betatron, as installed, could operate only at an 
onergy of about 25 Mev but it is being altered to operate 
through a range of energy levels below this value. An 
integrator circuit is being constructed to maintain any 
energy setting of the betatron to an accuracy of 0.1 per¬ 
cent. This will bo accomplished by causing expansion 
of the eloctronic orbit to occur when the magnetic flux 
reaches a predetermined value. The machine will then 
operate at this energy or flux regardless of line voltage 
fluctuations or frequency changes. For constant voltage 
input to the betatron building, the magnetic flux is con¬ 
stant to within ±2 percent as the frequency varies from 
59,7 to 60.3 cycles per second. 

The group working with the betatron plans to do ex¬ 
perimental work in the field of nuclear physics. Some of 
the problems which will be attacked first include the 
measurement of the threshold energy for photodisintegra¬ 
tion for (y, p) and (y, n) reaction* in which the product 
of the reaction is not radioactive* This means that it 
will be necessary to detect the proton* or neutrons pro¬ 
duced in the reaction* Other problems involve the meas¬ 
urement of the energy distribution in the betatron spec¬ 
trum so that the actual cross sections for photodisinte- 
gration may be measured* 

For the investigation of the therapeutic applications of 
the betatron a d-t amplifier in conjunction with a small 
prbbe ionisation chamber has been constructed. This will 
be used to measure the distribution of radiation Within a 
water phantom. Tills distribution will be measured for 


a scries of sizes of fields and for different types of step 
filters in an effort to get a clinically useful distribution. 
After this has been accomplished the machine may be 
used for cancer therapy. Many interesting experiments 
using the electron bean) have been tentatively planned. 
These, however, must await the successful development 
of pumping techniques for use with electron donuts which 
have been obtained from the University of Illinois. 

The authors would like to take this opportunity to 
thank those who have helped them to obtain the betatron 
and its building and auxiliary equipment in such a short 
time. In particular they wish to express their apprecia¬ 
tion to D. W, Kerst and his associates, of the University 
of Illinois, who made available to them the facilities of 
their laboratory and who gave generously much valuable 
information and advice. 

E. L. Harrington, K. N. H. Hablam, 
H. E. Johns, and L. Katz 

University of Saskatchewan 

Note on the Origin of Cosmic Rays 1 

W. Baade and F. Zwieky (Phys. Rev., 1934, 45, 138 
and 46, 76), F. Ocmuschi ( Phyg. Rev., 1039, 50, 120), 
and F. Hoyle (Monthly Notices R.A.S., 1946, 106, 384) 
have suggested that aupemovae might be responsible for 
cosmic rays. Hoyle has recently considered this idea 
more closely in connection with his ideas about the origin 
of the chemical elements (ibid., p. 343). He suggests 
that the heavy nuclei, or, better, the nuclear lumps, which 
are expelled during the supernova outburst might lose 
their accompanying electrons and thus become surrounded 
by strong electric fields in which nuclei might be ac¬ 
celerated up to energies as high as the largest energies 
found in cosmic rays. As a point in favor of this theory, 
Hoyle points out that, assuming that the average super 
nova will produce 0.1 M 0 a* (M 0 : solar mass; o : the ve¬ 
locity of light) energy in the form of cosmic rays, the 
density of extragnlactic nebulae and the frequency of 
supernova outbursts aro such that one can just explain 
the observed density of cosmic rays observed on the 
oarth. 

However, H. Alfv4n (Z. Physik , 1937, 107, 579) has 
pointed out that a galactic magnetic field of only 3 0~ lM 
gauss would be sufficient to keep, all cosmic rays inside 
our galaxy, and L. Bpitzer, Jr. (Phys. Rev., 1946, 70, 777) 
has given strong arguments for the existence of such a 
galactic field. This means that we have to consider only 
our own galaxy as far as tho production of cosmic rays 
is concerned. If we again assume that supernova out¬ 
bursts are responsible for cosmic rays, wo now have to 
estimate how large a density of cosmic rays we can ex¬ 
pect. Assuming the production of cosmic ray energy 
per supernova to be about 0,001 (Hoyle's estimate 
seems to us to be rather high, and we shall see that even 
a ten times smaller estimate would have been sufficient 
in order to get agreement between the observed and esti¬ 
mated energy densities), and assuming one supernova out- 

1 This letter Was written while the author wan temporarily 
at Yerkes Observatory, Williams Boy, Wisconsin. 
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burst per 500 years per galaxy (Zwicky, F. Aatrophya. 
J., 1042, 96, 26), the energy produced per see per galaxy 
is about 10 11 erg. According to R, IX Richtmyer and E. 
Teller (Phya. Rev., 1040, 75, 1720), the lifetime of a 
cosmic ray in our galaxy is about 50 million years. As¬ 
suming the volume of our galaxy to be about 10“ cubic 
parsec (*- 3.10* 7 cm 3 ), the total cosmic ray density in our 
galaxy should be about 10* 11 erg cm - *. This is of the 
same order of magnitude as the value of about 5.10* u erg 
cm** obtained by Richtmyer and Toller from B. Rossi’s 
data (Rev. mod. Phys., 1948, 20, 537.). 

As far as the production of the high energy particles 
in Ahe supernova outburst is concerned, we favor a 
mechanism different from that suggested by Hoyle, but 
essentially the same as that proposed by Cernuschi. Cer- 
nuschi proposed the fission of the nuclear lumps as the 
mechanism and made some estimates of the available 
energy per fission fragment on the basis of a very crude 
model of the nucleus. At present, we have a better un- 
derstanding and knowledge of the energy which can be 
released in a fission process of a nuclear lump. Also it 
seems to us that the primary cosmic rays should not be 
the fission fragments bat the neutrons accompanying the 
fission. For an estimate of the energy which becomes 
available at a fission process, we shall use N. Bohr and 
J. A. Wheeler's expression (Phya. Rev., 1939, 56, 420) 
for the packing constant (i.e., the energy content per 
unit mass}* of a nucleus of charge Z and atomic weight 
A in the form given by G. B. van Albada (A atrophy a. J., 
1947, 105, 393): 

/* ay 11 + fry - y + k2'A-*f° + sA~^ f (1) 

where / is the packing constant and 

(i A-Z)/A,lc = 0.63 s = 15 mMV I 

a = 83 mMV, 0 s 0.81 mMV, y = 6.65 mftf V. ( W 

From van Alhada’s considerations of equilibria at zero 
temperature and high densities, it follows that the specific 
charge of the nuclear lumps ejected by the supernova 
will be in the neighborhood of 1/4: 

Z/A ~ 1/4. (3) 

Using equations (2) and (3), equation (1) takes the 
form: 

/ = -1.8 + 0.04 A * 8 + 15 A'* mMV (4) 

and the energy content of the nuclear lump is given by: 
X = Af = -1.3 A + 0.04 A** +15 A* mMV (5) 

In Table 1 we have collected the values of f in mMV, 
and X in mMU and in ev for different values of A . 

It is immediately seen from Table 1 that the fission of 
nuclear lumps with A equal to or larger than 10 s will 
produce energies of the order of the highest observed cos¬ 
mic ray energies. 

The present note mutt not be taken too seriously, but 

* Reference In th« text as mMU (mini mass units). 


f 

there are a few points that might be well worth looking 
into. The first one is the fact that the primary cosmic, 
rays contain about 30% nuclei with Z between 2 and 26 
(see, e.g., Bradt, H. L., and Fetors, B, Phya. Rev., 194ft, 
74, 1828 and 1949, 76, 156). This can partly be due to 
the ejection of these nuclei with energies of the order 
of magnitude of their rest energy by the supernova dur¬ 
ing tie putbrust (cf. Hoyle, Monthly Notice* R.A.S., 
1946, 106 f 384), or partly due to possible tripartitions. 
Experiments with uranium (Tsien, 8. T. et al. J. Phya. 
Sad, 1947, 8, 165 and 200; see also Titterton, E. W., 
and Howard, P.,K. Phya. Sev. f 1949, Tp, 142, and Lark- 
Horovits, K., and Schreiber, R. E. Phya. Bev., 1941, 60, 
No. 2, 156) indicate that one tripartition occurs against 


TABLE 1 


A 

/ in mMU 

M In mMU 

£ in ev 

too 

2.9 

300 

3 -10* 

200 

2.7 

500 

5 ■ 10* 

aoo 

2.8 

800 

8 ■ 10* 

500 

3.2 

1,600 

2 ■ 10" 

1,000 

4.2 

4,000 

4 • 10" 

5,000 

12 

6 10* 

5 10* 

10,000 

18 

2- 10* 

2 10” 

100,000 

85 

HP 

10* 

1,000,000 

400 

4- 10» 

4 • 10“ 

10,000,000 

2,000 

2- 10* 

2 - 10* 


about 200 to 400 ordinary fission processes. It might be 
interesting to investigate theoretically whether the highly 
unstable nuclear lumps would favor a larger percentage 
of tripartitions, and how the distribution of the fission 
products (especially the light one) over the various Z 
values would be. 

A second point is whether it is possible to understand 
from the supernova picture of production of cosmic rays 
that the cosmic ray spectrum behaves like Jf"*. In order 
to investigate this it would be necessary (a) to have n 
quantitative picture of the supernova outburst, which 
also would give a test for the validity of the equilibrium 
theory of the chemical elements (see, e.g., ter Haax, D. 
Amer. J. Phya., 1949, 17, 282 and CoamogonicoX prob¬ 
lems and atellar energy , to be published); and (b) to 
have a quantitative statistical picture of the fission of 
nuclear lumps. The aging process discussed by E. Fermi 
(Phya. JKev., 1949, 75, 1169) in his paper on the origin 
of the cosmic rftys has certainly also to be taken into ac¬ 
count. Indeed, it may well be that, as in so many other 
instances, a more acceptable theory will only be formed 
when ideas from all the different papers will have been 
melded togethed into one large compromise, 

4 I should like to express my thanks to Dr. K. Lark- 
Rorovitz for a discussion on the subject of this paper. 

X>. rm Haas 

Purdue University 
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NEWS 
and Notes 

Paul B. Pearson, former head of 
the Department of Biochemistry and 
Nutrition and dean of the Graduate 
School of Texas Agricultural and 
Mechanical College, has been ap¬ 
pointed acting chief of the Biology 
Branch, Biology and Medicine Divi¬ 
sion of the Atomic Energy Commis¬ 
sion. Dr. Pearson suceeds James H. 
Jensen, who lias been on leave of 
absence from North Carolina State 
College and will return there as 
director of the Plant Pathology Di 
vision. 

John M. Stalnaker, professor of 
psychology and former dean of stu¬ 
dents at Stanford University, has 
been named professor of psychology 
and coordinator of psychological sci¬ 
ences and services at Illinois Insti¬ 
tute of Technology. 

Robert F. Pitta, professor of 
physiology and director of the physi¬ 
ology laboratory at the Syracuse 
University Medical School since 1046, 
will return to the Cornell University 
Medical College faculty as head of 
the Department of Physiology and 
Biophysics and professor of physi¬ 
ology, Dr. Pitts was a staff member 
of Cornell Medical College from 
3942 to 1946. 

William F. Heater, former direc¬ 
tor of insecticide and fungicide re¬ 
search of the Rohm and Haas Com¬ 
pany in Philadelphia, has been 
named administrator of the fellow¬ 
ships of Hoppers Company, Inc., at 
the Mellon Institute. Dr. Hester will 
direct the work of the 98 scientists 
and their aides engaged in research 
and development work on the 13 
fellowships. 

A* C. Leopold, former research 
physiologist at the Hawaii Pine¬ 
apple Company, Honolulu, has joined 
the staff of the Horticulture Depart¬ 
ment of Purdue University. Dr. 
Leopold will direct research on the 
dowering and nutrition of greenhouse 
plants. 


Alfred G. Susie, chief chemist at 
Marbon Corporation, Gary, Indiana, 
has been appointed supervisor of 
plastics research at Armour Research 
Foundation of Illinois Institute of 
Technology. Dr. Susie will be in 
charge of research projects dealing 
with plastics in the chemistry ami 
chemical engineering department of 
the foundation. 

Ray Pepinsky, Alabama Poly¬ 
technic Institute, has been appointed 
research professor of physics at 
Pennsylvania State College. Dr. 
Pepinsky will be director of the X- 
Kay and Crystallography Labora¬ 
tory, where he will make uso of the 
electronic computer which ho de¬ 
veloped under contract, with the 
Office of Naval Research, 


Visitors to U. S, 

Paul Rivet, director of the Muse 
de 1 ’Honime, Paris, and Claude 
Livi-Strauas, French anthropologist, 
were honor guests at a reception 
given for the members of the 29th 
International Congress of Amen 
canists on September 9 in New York 
City. 

Antonio Goubaud Carrera, of the 

National Indianist Institute, Guate¬ 
mala, City, was one of the principal 
speakers at the conference on Middle 
American Ethnology and Social An¬ 
thropology, held in Now York City, 
September 5-12, in conjunction with 
the 29th International Congress of 
Americanists. 

Visitor* at the National Bureau 
of Standards during the week of 
August 29 included D. de Klerk, 
K. W. Tafconis, and C. J. Gorter, 
of the University of Leiden, Holland; 
G. C. Bills, metallurgist with the 
Armament Research Establishment 
of the Woolwich Arsenal, London, 
England; N. Kurd of the Clarendon 
Laboratory, Oxford, England; Ben¬ 
jamin Mantel M, chemical engineer 
with the Public Works Department, 
Havana, Cuba; C. Nanjudayya, re¬ 
search officer, Technological Labora¬ 
tory, Indian Central Cotton Com¬ 
mittee, Bombay, India; A. van It* 
terbeek, director, Low Temperature 
Laboratory, University of Louvain, 
Belgium ; and Frcdrik Dahlgren, 


head of tbe Electrical Engineering 
Department, Royal Polytechnic In¬ 
stitute, Stockholm, Sweden. 

Grants and Awards 

The John Simon Guggenheim 
Memorial Foundation has awarded 

22 Latin American fellowships, 
totaling $70,000, to assist Latin 
Americans in carrying on research 
and creative work in the U. S. Fields 
of investigation in which scientists 
were honored include medicine, zool¬ 
ogy, paleontology, botany, and mathe¬ 
matic*. The foundation awards are 
the twentieth in its annual series 
of inter-American fellowships. Last 
April the foundation granted 144 
fellowships to citizens and permanent 
residents of the U. 8. and Canada. 

At a special convocation held on 
the 200th anniversary of the birth¬ 
day of Goethe, the University of 
Frankfurt conferred honorary de¬ 
grees on the following scientists: 
M.D. degree—Franz Bluntschli, pro¬ 
fessor of anatomy at the University 
of Bern, and Paul Weiss, professor 
of zoology at the University of Chi¬ 
cago; Ph,D. degree—Otto Hahn, pro¬ 
fessor of physics at the University 
of Goettingen and director 6f Max 
Planck Gesellflchaft, and Ferdinand 
Blum, former collaborator of Paul 
Ehrlich. 

The John Price Wetheriil Medal 
of the Franklin Institute of the 
State of Pennsylvania has been 
awarded to Edgar Collins Bain, vice 
president in charge of research and 
technology at the Carnegie Illinois 
Steel Company. Dr. Bain has been 
honored for his research in the struc¬ 
ture of metallic alloys and the appli¬ 
cation of the isothermal method to 
the study of the rates of transfor¬ 
mation in steel. 

The new $1,000 Precision Sci¬ 
entific Company Award in Petro¬ 
leum Chemistry will be granted to 
Bruoe H. Sage, professor of chemical 
engineering at the California Insti¬ 
tute of Technology. Dr. Sage, who 
is also associate director of engineer¬ 
ing and head of the explosives de¬ 
partment at the Havel Ordnance 
Test Station, Inyokem, California, 
will receive the prise at the national 
meeting of the American Chemical 




SCIENCE 


September 16,1940, .VoL 116 


Society in Atlantic City, New Jersey, 
an September IS. The society *s 
$1,000 Award in Pore Chemistry 
will be presented at the same time 
to Bichard T. Arnold, professor of 
organic chemistry at the University 
of Minnesota. Dr. Arnold will be 
honored for his work in the mecha¬ 
nisms of reactions and the nature of 
aromatic nuclei. 

The Frederick Ives Medal of the 

Optical Society of America has been 
awarded to George B. Harrison, dean 
of science at Massachusetts Institute 
of Technology. The medal will be 
presented at the annual meeting of 
the society at Buffalo in October. 

The Elmer Hess Prize of the 
Northeastern Section of the Ameri¬ 
can Urological Association has been 
presented to Howard T. Thompson, 
Bus well Fellow in the Department of 
Surgery of the University of Roches¬ 
ter School of Medicine and Dentistry, 
for his report on animal experiments 
in cancer of the bladder. 

Meetings and Elections 

An important discussion of legis¬ 
lative matters affecting science and 
scientists took place on Aug. 24, at 
the Marine Biological Laboratory, 
Woods Hole, Massachusetts. How¬ 
ard A, Meyerhotf, Executive Secre¬ 
tary of the AAAS, led a meeting on 
the National Science Foundation and 
on the problems raised by the loyalty 
investigations of scientists. 

The Report of the AAAS Special 
Committee on Civil Liberties of Sci¬ 
entists, recently approved by the 
AAAS Council, was summarised. Its 
conclusions (Science, Aug. 10, 1040, 
pp. 177-9) strongly condemn the ap¬ 
plication of security clearance and 
the Loyalty Order to others than 
those working in military research. 
The linkage of the problem of fed¬ 
eral support of science and the cur¬ 
rent hysteria on clearance and loyalty 
was emphasized in the dis cussi o n. 
Scientists generally recognise that 
effective development of science 
through federal support 4 being 
threatened by the indignity and in¬ 
security to which fctantJ«te Are 
posed by investigation* which probe 
thoughts /and- private lives rather 
spsfliH* dfNjd*. ■■ J v: 


Do tie v W. Bfonk, chairman of the 
National Research Council, stated 
that the NBC is unequivocally op¬ 
posed to application of clearance 
procedures to any scientist not work¬ 
ing on classified projects, but will 
continue administering funds be¬ 
cause some SO present fdp-o#a, whose 
grants are to bo renewed oj* October 
1, might otherwise be unable to con¬ 
tinue. According to Dr. Bronk, the 
failure of individual scientists and 
of scientific bodies to take a firm, 
public stand on so vital a matter of 
Scientific and national policy already 
has weakened the * position of the 
NBC. 

The ensuing discussion emphasized 
the need for scientists and scientific 
organizations to beeome acquainted 
with what is happening and to take 
prompt and decisive action to stop 
the indiscriminate extension of se¬ 
curity regulations so fatal to the free 
development of science. Over 100 sci¬ 
entists at Woods Hols affixed their 
names to an endorsement of the 
AAAS report within a few days 
after the discussion. 

The question was also raised 
whether the NBC, if it were to accept 
administration of funds under se¬ 
curity restrictions to individual and 
scientific freedom, would endanger 
for the sake of some 50 present ABC 
fellows, the long-term welfare of the 
nation's science. The point was 
raised that a fiat refusal by the NBC 
to administer such funds might ac¬ 
tually lead Congress to remove the 
restrictions Tather than to abandon 
the fellowship program. 

Dr. Bronk stated that the NBC 
needs the support of the body of 
American scientists. To obtain such 
support, it was proposed by partici¬ 
pants at the meeting, (I) That the 
NBC institute a poll of all scientists, 
asking an expression of opinion re¬ 
garding administration of funds 
where restrictions on education are 
involved. This pbll could be held 
expeditiously by allocating a page in 
Science to the question with a re¬ 
turnable answer form. (2) That the 
Council inform the present ABO fel¬ 
lows of its opposition, on principle, 
to the blanket requiremente ofclear- 
«&Ce j that its decision to continue 
administering the present fellowships 
k based on Its unwillingness to jeop¬ 


ardize the stipends ; and that it will 
not administer the fellowships unless A 
a majority of the fellows so desire. 
The council should further pledge 
that if present fellows wish to seek 
stipends or positions elsewhere, it 
will assist them. 

A suggestion to provide emergency 
stipends for those AEC fellows who 
elect not to accept renewals under 
the restrictions and who cannot im¬ 
mediately get other fellowships or 
positions was made. To provide for 
the latter, a campaign should be 
launched among scientists and sci¬ 
entific societies for a special emer¬ 
gency fund to which individual sci¬ 
entists would each pledge 65 or more. 
These suggested actions would demon¬ 
strate to the Congress and to the pub¬ 
lic that scientists feel strongly 
about the rising tide of restrictions 
which threaten the future of the na¬ 
tion *s science and its welfare. That 
scientists are reacting to these threats 
is made evident by three communica¬ 
tions appearing simultaneously in 
the August 19 issue of this journal. 
They are: (1) The report of the 
AAAS Committee, (2) the condemna¬ 
tion of the O 'Mahoney rider by the 
AEC General Advisory Committee, 
and (3) a letter from Marshall Stone 
explaining his resignation from the 
NBC Committee on Post-Doctoral 
AEC Fellowships. 

Robert Chambers 

Harry Grundfest 
Robert Hopes 

A symposium on large-scale dig¬ 
ital calculating machinery will be 
held September 18-16 at Harvard 
University under the joint sponsor¬ 
ship of the university and the U. 8. 
Ngvy Bureau of Ordnance. The pur¬ 
pose of the meeting is to consider use 
of the machines for solving problems 
in the social sciences, physiology, and 
psychology* These problems will be 
discussed at the final session of the 
meeting by specialists in the human 
and social sciences. Other sessions, 
which will be attended by scientists, 
government officials, and business¬ 
men, will cover the entire field of 
these machines. 

A symposium m brucellosis *ill 
be held September under the 

joint sponsorship of the National In- 
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stitute of Health, Bureau of Animal 
Industry, and National Research 
Council. Twenty-four papers will be 
presented at the five sessions to be 
held in Wilson Hall, Administration 
Building, National Institutes of 
Health, Betheada, Maryland. Morn¬ 
ing sessions will begin at 0:30, after¬ 
noon sessions at 1:30, and the eve¬ 
ning session, September 22, at 8:00. 
Printed programs will be available in 
advance of the meeting. C. L. Lar¬ 
son, of the institutes ’ Laboratory of 
Infectious Diseases, and O. K. 
Mingle, of the Department of Agri¬ 
culture's Tuberculosis and Brucel¬ 
losis Eradication Division, are in 
charge of the program. Preliminary 
plans have been made to publish the 
papers in a new symposium series 
sponsored by the A A AS and the 
National Institutes of Health. 

The Society of Rheology will hold 
its 20th Annual Meeting in New 
York City on November 4-5, at the 
Hotel New Yorker. Eighteen papers 
on the flow and deformation of mat¬ 
ter will be presented. Non-members 
are invited to attend. Programs 
may be obtained in advance of the 
mooting by writing to Earl K. 
Fischer, Secretary-Treasurer, 107 
Washington Avenue, Charlottesville, 
Virginia. 

The American Society for Phar¬ 
macology and Experimental Thera¬ 
peutics will hold its first interim 
meeting in Indianapolis, November 
17-19. The scientific sessions will be 
held at the Indiana University Medi¬ 
cal Center. 

The Roacoe B. Jackson Me* 
modal Laboratory has appointed 
Leslie C. Dunn, bead of the Genetics 
Department of Columbia University, 
as president of its new board of sci¬ 
entific directors. James B, Murphy, 
head of the Cancer Research Depart¬ 
ment of the Rockefeller Institute, 
was chosen vice president. Members 
of the hoard include Clarence C. 
Little, director of the laboratory; 
Frank Reach, professor of psychol- 
at Tile University; Homer 
professor of physiology at 
New. York University; Merle Tuve, 
physios professor at Johns Hopkins 
University^. ■ R4#in ■ R •. Wilson, vioe 


president of the National Academy 
of Sciences; and Bewail Wright, pro¬ 
fessor of genetics at the University 
of Chicago, 

Deaths 

Percy Edward Newberry, 80, 
Egyptologist, died August 7 at his 
home in Surrey, England. Profes¬ 
sor Newberry was professor of an¬ 
cient Egyptian history and archaeol¬ 
ogy at Cairo University from 1920 
to 1933, and a former president of 
the Anthropological Section of the 
British Association for the Advance¬ 
ment of Science. 

Walter A. Hynes, 52, president 
of the Metropolitan Microchemical 
Society and professor of analytical 
chemistry at Fordham University, 
died of n heart attack August 21 at 
St. Joseph’s Hospital, Yonkers, New 
York. 

Sir Frederick William Moore, 91, 

Irish botanist, died in Dublin Au¬ 
gust 24. Sir Frederick was a former 
president of the Royal Zoological 
Society of Ireland, and Keeper of 
the Royal Botanic Gardens, Glaa- 
nevin, Dublin, from 1879 to 1922. 

Edwin B. Powers, 69, head of the 
University of Tennessoe Department 
of Zoology for 25 years, died Au¬ 
gust 26 at Knoxville. Dr. Powers 
was an expert on salmon migration 
and fish physiology. 

Boris Krichesky, 45, associate 
professor and chairman of the . De¬ 
partment of Zoology, University of 
California, died of a heart attack on 
August 28th while vacationing in 
Oregon. Dr. Krichesky contributed 
extensively to the field of endocri¬ 
nology. 

A survey of medical end hospital 
care has been initiated by Brookings 
Institution. The project is the first 
to attempt to include all sources of 
health services and facilities, it is 
estimated that the study will be 
completed in two years by a full-time 
staff of eight* with the participation 
of specialists In various fields Tfio 
will be called in as consultants. ‘The 


cooperation of national professional 
societies, labor organisations, insur¬ 
ance companies, governmental agen¬ 
cies (federal, state, and local), in¬ 
dustrial health organisations, farm 
groups, and other groups is being 
solicited. 

Present plans call for publication 
of findings in two volumes: the first, 
a comprehensive and statistical re¬ 
port which will make available data 
on the extent of medical care and 
provirions for meeting the cost 
through insurance or prepayment 
plans, or through public services or 
private philanthropy; the second, 
based upon facts presented in Volume 
I, would evaluate the plans now in 
operation and those proposed. 

The American Society of Human 
Genetics, which was organized about 
a year ago, will start to publish in 
October a journal pertaining to re¬ 
search in human genetics. The pub¬ 
lication is called The American Jour¬ 
nal of Unman Genetics f and will be 
edited by 0. W. Cotterman, Heredity 
Clinic, University of Michigan, Ann 
Arbor. Manuscripts for considera¬ 
tion should be sent to Dr. Cotterman. 
The journal will appear in annuel 
volumes of four issues each at $8.00 
per volume. Subscriptions should be 
addressed to the secretary of the 
society, Herluf H. Strandskov, De¬ 
partment of Zoology, University of 
Chicago, Chicago 37. 

The National Bureau of Stand* 
ards announces the following recent 
additions to the series of 169 com¬ 
pounds now available as standard 
samples of hydrocarbons for cali¬ 
brating analytical instruments and 
apparatus in the research, develop¬ 
ment, and analytical laboratories of 
the petroleum, rubber, chemical, and 
allied industries: n-tridecane, cis-2- 
hetene, 4,4-dimethyl -trans-2-pentene, 
1,2,3^-tetramethylbenzene, 1-methyl- 
4*tert-butylberaene, naphthalene, and 
2-methylnaphthalene. A complete 
Bit of samples may be obtained from 
the National Bureau of Standards, 
Washington 25, D. O. 

The NatioonlGeogrupHc Society 
will sponswr a field survey of the 
scarlet ibis in the hinterlands of 
Yenesuria. Paul A. Zdbl, biologist 
and ornithologist of New Yorit €Mry v 
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will diroot the expedition, which will 
study the nesting practices, habitat, 
and migration of the scarlet ibis and 
otlmr bird life of the area. Dr. Zahl 
hopes to locate colonies of the scarlet 
ibis in rookeries deep in the flooded 
llanos of Venezuela's State of Apure, 
which can be reached only by small 
hoat or horseback. The birds are 
reported to have sought refuge with 
herons, other ibis varieties, and pos¬ 
sibly spoonbills. 

I)r. Zahl will make his headquar¬ 
ters in San Fernando, where he will 
be joined by native helpers. The 
government of Venetueia will co¬ 
operate with him to further the work 
of the project. The expedition will 
l)e assisted by William Phelps, resi¬ 
dent associate in Caracas of the 
American Museum of Natural His¬ 
tory. 

The new system of electrical 
measurement using absolute units, 
adopted by the International Con¬ 
ference of Weights and Measures 
and officially instituted January 1, 
1048, is described in a new booklet, 
Circular 0475, Establishment and 
Maintenance ot the Electrical Units, 
published by the National Bureau 
of Standards and available at 25 
cents a copy from the U. 8. Govern¬ 
ment Printing Office, Washington 25, 
D. C. The booklet gives an account 
of the working, history, and mainte¬ 
nance of the international system of 
electrical units. Also described are 
the methods used In the measure¬ 
ments that now form the basis for 
the absolute units, in which ail cer¬ 
tifications for standards and instru¬ 
ments are given by the National 
Bureau of Standards. 

The Registry of Rare Chemi¬ 
cals, 35 West 33rd Street, Chicago 
16, Illinois, lists the following 
wanted chemicals: 1,4-dihydropyra- 
*ine-2,3-dione, 1,2-dihydropyridasine- 
3,4-dione, l,2-dihydropyridazine-3,6- 
dione, J-mannose, 1-galactose, nariu- 
genin, ^-»ethyb3-hydroxy*Y’Py f o»«> 
phosphorylthiochoiine, phosphoryl- 
choline, coniferyl aldehyde, impera- 
torin, 6-ketoprogesterone, 2-msthyl-5- 
hydroxypropiophenoae, fl-mettiyl-3- 
2-m*thyi-$-aini- 


Make Plans f of— 

American Society of Photogrem- 
metry, regional meeting, October 8- 
4, Denver, Colorado. 

American Dietetic Association, 
32nd annual meeting, October 11-14, 
Denver, Colorado, ^ 

American Association, of Petro¬ 
leum Geologists. October 12-15, 
Biloxi, Mississippi. 

American Dental Association, 
October 17-21, San Francisco. 

Symposium on small angle X- 
ray scattering, October 21-22, Uni¬ 
versity of Missouri, Columbia. 

National Academy of Sciences, 
autumn meeting, October 24-26, Uni¬ 
versity of Rochester, New York. 

Optical Society of America, 34th 
annual meeting, October 27-29, Hotel 
Statler, Buffalo, New York. 

Recently Received— 

Journal of the Council for Scientific 
and Industrial Research, Common¬ 
wealth of Australia. (Quarterly 
publication.) Direct inquiries to 
J. J. Gourley, Govt. Printer, Mel¬ 
bourne, Australia. 

Study of the Interrelationships of 
Psychological and Physiological 
Measures on Submarine Enlisted 
Candidates by Ellsworth B. Cook 
and Robert J. Wherry. Issued by 
Medical Research Laboratory, 
U. 8. Naval Submarine Base, New 
London, Conn. 

Cochise and Mogollon Sites, Pine 
Lawn Valley, Western New Mex¬ 
ico, by Paul 8. Martin, John B. 
Rinaldo, and Ernst Antevs. 
(Fieldianat Anthropology, Vol. 
88, No. 1.) Issued by Chicago 
Natural History Museum, Chicago, 
IiL |8.50. 

Table of Bines and Cosines to Fifteen 
Decimal Places at Hundredths of 
a Degree. (National Bureau of 
Standards, Applied Mathematics 
Series No. 6, 1949.) Available 
from Bupt. of Documents, U. 8. 
Govt. Fratng. Office, Washington 
25, D. C. at 40 cents. 


suifanylthiourea, 

phloretbv^ydobutaae, cyanogen, and El Alien (series of papers otx the 
*-thio-4-smiimpyrimidi^ native plants of California), Vol. 


September 16,1949, Vol. HO 


2, £1, Including 4 4 A .Long Term 
Test of Seed Longevity. 1 f Ranchg 
Suita Ana Botanic Garden, Route 

3, Anaheim, Calif. $5.00 per 
volume. 

List of Scientific Papers Published 
in the Middle-East, May 1949 is¬ 
sue. Unesco, Science Cooperation 
Office—Middle-East, Cairo, Egypt. 

The Tereua and the Oaduveo of 
Southern Mato Grosso, Brasil by 
Kalervo Oberg. (Smithsonian In¬ 
stitution, Institute of Social An¬ 
thropology, Publ. No. ft, 1949.) 
Order from Supt. of Documents, 
U. S. Govt. Prntng. Office, Wash¬ 
ington 25, D. C. Price 60 cents. 

Guide to the Collection of Rocks in 
the British Museum. (2nd ed.) 
Order from British Museum (Nat¬ 
ural History), London, S. W. 7. 
One shilling. 

Third Annual Report of the South 
African Council for Scientific and 
Industrial Research. Printed by 
Cape Times, Ltd., Cape Town, 
South Africa. 


The deadline for the receipt 
of nominations by fellows of 
the AAAS for the Theobald 
Smith Award hi Medical Sci¬ 
ences, established in 1936 by 
Eli Lilly and Company, has 
been extended to October SO. 
For the conditions of this an¬ 
nual award, which consists of 
$1,000, a bronze medal, and 
travel expenses up to $150, see 
Science , July 16, p, 80. Nomi¬ 
nations should be sent to Dr. 
Gordon K. Moo, secretary of 
Section N, Medical School, Uni¬ 
versity of Michigan, during 
September, and to Dr. Malcolm 
H. Soule, chairman of the 
Award Committee, same ad¬ 
dress, during October. 


Entries in the Annual Inter* 
national Photography-ln-Sd- 
ence Salon, sponsored jointly 
by The Scientific Monthly and 
the Smithsonian Institution, will . 
be accepted by the Editor, the 
gri***^ Massa¬ 

chusetts Aye, N.W., W$ebing^ 
ton 5, D. C., up to the 4*4* of 
Judging, September 04, 1949. > 
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Structure and Dynamics of the Thunderstorm 

Horace R. Byers 1 

University of Chicago 


M any textbooks of meteorol¬ 
ogy AND PHYSICS contain diagram¬ 
matic representations of the structure and 
vertical circulation of a thunderstorm. 
They are based mainly on theoretical deductions as 
to the kind of thermodynamic engine the authors, from 
laboratory experience, think the thunderstorm should 
be. Until recently, no precise means of probing the 
storms to verify or modify the textbook picture was 
available. Numerous exploratory airplane flights into 
more or less violent convective clouds or storms had 
been made, but until the development of the usee of 
radar, it was impossible to tell where the aircraft were 
with respect to the storm at any given moment. Free 
meteorological balloons also had ascended haphazardly 
into thunderstorms, but again it was not possible to 
track them until the perfection of radio-direction 
finding. 

Meteorologists knew there were things wrong with 
the textbook interpretation of the thunderstorm, so 
with the wartime development of radar and improve¬ 
ments in the art of blind flying, plans were made for 
a concentrated research program to And out what goes 
on inside the thunderstorm. Commercial and military 
aviation interests needed the knowledge for flight 
safety and all-weather flying programs. With the 
support of all the interested agencies, the U. 8. 
Weather Bureau organized an intensive campaign of 
observation and measurement. The undertaking, 
which came to be known as the Thunderstorm Project, 
developed into the largest program ever directed at 
a single atmospheric phenomenon and became a joint 
project of the U, S. Air Force, the U. S. Navy, the 
National Advisory Committee for Aeronautics, and 
tthe U. S. Weathcfr Bureau. 

In the summer of 1946 the observations were carried 
out m Florida, then in the summer of 1947 & similar 


for years and contains much information of use in 
flight operations. 

In the following paragraphs will be given a brief 
description of the project and a summary of some of 
the results. 

System op Observations 

Basically, the observation program was designed to 
obtain a complete description of the thunderstorm and 
to measure its intensity. The turbulence or bumpiness 
and the broad up-and-down motions of the air were 
considered the most important items to be investigated, 
but great stress also was laid on all measurable quan¬ 
tities that could give a clue to the vertical and hori¬ 
zontal air circulations and to the heat exchanges that 
drive these circulations and produce the rain. Light¬ 
ning, which has been one of the main subjects of 
interest in many years of investigation by physicists 
and meteorologists, was considered to be of secondary 
importance, although arrangements were made for 
measurements of the cloud electricity. 

In its main details the observation system consisted 
of the following; 

1. Airplanes were used as probes to measure turbu¬ 
lence, updrafts and downdrafts, temperature, and elec¬ 
trical field, and to obtain visual data such as hydro¬ 
meteors, cloud extent, etc. Northrop Black Widow 
night fighters (P-61's) were utilised, flown by some of 
the Air Forced most expert instrument pilots, who 
volunteered for the task. In a normal mission, five 
airplanes made simultaneous traverses through the 
thunderstorms at five different levels, namely, 5000 ft, 
10,000 ft, 15,000 ft, 20,000 ft and 25,000 ft. 

2. A surface micronetwork was established, consist¬ 
ing of 55 stations located one mile apart in Florida 
and two miles apart in Ohio. The stations were 


program was completed in Ohio. Since that time the 
analysis of the large amount of data collected has been 
performed by a group of government and other mete¬ 
orologists atthe University of Chicago, and a com¬ 
prehensive report of the findings is now in press. It 

thunderstorm struc¬ 
ture and dynamics which have puseled meteorologists 

*The : ae|ker aborted aevernnient’a Thunderstorm 
PTOjsfci; wfetati wts completed this aemmer. 


equipped with gust-recording anemometers and wind 
vanes, hygrothermograph, weighing rain gage and 
barograph. The dock speeds on these instruments 
were fast enough to permit a time resolution to nearly 
a minute in moat eases. The stations were attended 
daily by observers who traveled through the network 
in jeeps. 

3. In and around the surface micronetwork were set 
up six radiosonde balloon stations with radio-direc- 

Outside the network were 

four radar wind-flndmg stationBj Uaing amall radar*. 
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target-bearing balloons* All these stations made si¬ 
multaneous balloon releases from which could be ob¬ 
tained, in addition to temperature and humidity data, 
detailed information concerning the perturbed hori¬ 
zontal wind flow, especially the horizontal inflow and 
outflow, of the cumulonimbus cloud* 

4. Long range radar was used to detect the develop¬ 
ment of thunderstorms, to select the storms for study, 
and to guide the pilots and the balloon releases. The 
airplanes carried transponder beacons by means of 
which they could be identified separately and traced 
on the radar 'scopes even when inside the cloud echoes. 
The pilots were vectored through the storms by the 
flight controller who, stationed at the ground radar 
'scopes, could watch their movements in relation to 
the thunderclouds. Radar also was used to study the 
development, growth, movement, distribution, and dis¬ 
sipation of thunderstorms. In this connection, range- 
height-indicating radar was also employed, giving a 
vertical crossseetion through the clouds and affording 
an opportunity to study the rates of vertical growth. 
All ’scopes were photographed every few seconds. 

5. Time synchronization afforded the means by 
which all observations from .airplanes, surface, bal¬ 
loon recordings, and radar could be tied together to 
give the instantaneous and progressive picture of the 
atmospheric processes* 

Structure and Life Cycle 

In the analysis of the airplane data it soon became 
apparent that in the usual large thunderstorm the 
pilot was encountering areas of strong turbulence, 
each surrounded by a narrow belt of smooth but cloud- 
filled air. Rosooe R. Braham, Jr., Thunderstorm 
Project analyst assigned to this problem, recognized 
these as distinct convection cells that had become more 
or less joined together or developed as appendages to 
an original “mother” celi For example, a typical 
Florida thunderstorm that was studied was found to 
be 20 miles long and about 5 to 0 miles wide, and to 
have six recognizable cells within it. These were 
roughly oblong areas measuring 3 to 7 miles across. 
Between each cell the airplane, although still in heavy 
cloud, recorded a smooth portion having a width of 
about a mile or less. 

* 

An examination of the photographs of radar echoes 
returned by the thunderstorms through their life his¬ 
tories verfied the cellular structure by showing the 
fusion or growth of these cells occurring in much the 
same way as the growth of masses of certain kinds of 
bacteria. Where the cells were present over the‘sur¬ 
face micronetwork, they could also be identified in the 
rainfall pattern which, at any given moment, had a 
distribution eorrespondiiig to that of the cells. A 


separate rain maximum would appear under each call. 
Other meteorological elements were found to fit the 
cellular pattern. 

The cells were not all alike in structure. Some were 
found to consist of an updraft only; some had both 
updrqit and downdraft, while others contained only a 
downdraft. These differences were found to be asso¬ 
ciated with different stages in the development and 
dissipation of the cells. From these studies, the life 
cycle of the thunderstorm cell was worked out, and it 
was immediately apparent that a thunderstorm usually 
contains cells in different stages of the life cycle. 
While every storm must be one-celled at the beginning T 
the simple unicellular type was found to be rare be¬ 
cause its period as a solitary cell lasts only a few 
minutes after it .has reached rainy, thundery condi¬ 
tions. Thus the textbook diagram of a thunderstorm, 
always unicellular, is misleading. 

The life cycle of the cell naturally divides itself into 
three stages: the cumulus stage, the mature stage, and 
the dissipating stage. 

Cumulus Stage 

The first stage of the thunderstorm cell is the cumu¬ 
lus cloud, although only a few cumuli actually build 
into thunderstorm cells. During this stage two or 
three cumulus clouds may grow together into one cell, 
whose diameter may be between one mile and five 
miles, and whose top usually does not initially exceed 
15,000 feet. 

The most important structural feature of the cumu¬ 
lus stage is the updraft prevailing throughout the 
entire oell, balanced by slow settling in the environ¬ 
ment. As might be expected, the temperatures in ap¬ 
preciable updrafts are higher than in the environment 
at corresponding levek. The general updraft varies 
from only a few feet per second in small and weak 
cells and cells in earlier stages of development, to al¬ 
most 100 feet per second in large well-developed cells. 

In accordance with well-known precipitation theo¬ 
ries, raindrop coalescence occurs when the cloud top 
has extended some distance above the freezing level. 
When the accumulation of water exeeeds in amount 
and in drop size that which can be supported by the 
updraft, the drops begin to fall through the weaker 
portions of the updraft and the cell passes into the 
mature stage of development 

Match* Stage 

In the mature stage the cell contains in the lower 
levels A pronounced downdraft adjacent to the up¬ 
draft. The downdraft reaches downward from ap¬ 
proximately 25,000 feet, and throughout the cell above 
that height the updraft eontinnes* The rain at the 




September 23, 1949, Voi 110 


SCIENCE 


293 


surface is associated mainly with the downdraft por¬ 
tion of the eell The structure is shown in Fig, 1. 



Fig, l. Sketch of a vertical cross section through a 
thunderstorm cell in the mature stage, showing vectorlaUy 
the air circulation. The temperature distribution ehown 
Is typical of summer thunderstorms In the eastern United 
States. 

The downdraft results primarily from the presence 
of falling rain in an area of former updraft. The 
raindrops become so large and numerous that they 
exert a frictional drag on the air sufficient to change 
an updraft into a downdraft. 

At this point in the description of the thunderstorm 
cell it is necessary to insert a few remarks concerning 
the thermodynamic processes. Classical treatments 
consider the ascending air from the point of view of 
the so-called "parcel method.” In this process the 
rising air is regarded as changing its temperature 
with the expansion and water vapor condensation due 
to pressure decrease in such a way that it neither 
affects nor is affected by the environment air, In 
doing so, its temperature decrease follows the so- 
«*Bed wet^adiabatic rate, Laboratory experience and 
car atmospheric measurements show that the ascend¬ 
ing airofth* cumulus cloud behaves in much the 


same way as a vertical jet stream in the laboratory, 
in that it frictionally entrains part of the surround¬ 
ing air. This means that air of less than saturation 
humidity comes into the cloud and mixes with the 
cloud air. In the active cumulus, there is enough 
liquid water being carried in the updraft to preserve 
saturation, in the face of intrusion of relatively dry 
air, without completely evaporating. That which 
evaporates in the mixing process loses part of the 
heat acquired in the aloud condensation process. As 
a consequence, the ascending air cools at a rate faster 
than the wet-adiabatio and at any point is very near 
the temperature of the environment. 

When the frictional drag of the great mass of large 
raindrops finally changes the updraft to a downdraft, 
the descent involves increasing temperature at the wet- 
adiabatic rate, so the rate of wanning in descent in 
less rapid than the cooling in the ascent. Mixing of 
outside air would tend to make the downdraft even 
colder, because of evaporation of raindrops. Thus 
the downdraft becomes a falling current of cold air 
which spreads out laterally as it strikes tho ground. 

All of the striking phenomena observed at the 
ground in thunderstorms are directly associated with 
the downdraft. Among them are the downpour of 
rain, the temperature discontinuity, the squall front 
or "first gust,” the barograph "jump,” the humidity 
“dip,” and, to a considerable extent, the cloud-to- 
ground lightning discharge. 

Either from the first gust a $ the wind that reaches 
out from the downdraft area or from air mass identi¬ 
fication in terms of temperature, the outflow of the 
downdraft air can be traced with precision through 
the Florida and Ohio micronetworks. The data show 
that the cold air spreads outward almost equally in 
all directions in cases of gentle winds, but is carried 
downwind in a strongly diverging flow when the pre¬ 
vailing unperturbed winds are appreciable. A discon¬ 
tinuity is formed between the outflow air and the sur¬ 
rounding warm air. Although originally formed in 
the rainy portion of the cell, the downdraft air soon 
outruns the rain area and its arrival is felt at plaees 
several miles from the precipitating cell, The first 
blast of downdraft air experienced at a station is the 
strongest, but as long as the outflow continues, strong, 
gusty winds are observed. The strength of the first 
and succeeding gusts is less the farther the air has 
spread, being strongest near where the downdraft first 
reaches the ground in the early mature stage. There, 
and elsewhere, the wind speed and guatiness decrease 
with time as the spreading continues, except in those 
cases where a new adjacent cell reaches the mature 
or rain-producing stage. 

Computations of the outflow made from a study Of 
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the wind field as measured in the surface microuet- 
work show very pronounced patterns of horizontal 
divergence centers with the maximum values in the 
heaviest rain at the point where the downdraft ap¬ 
pears to be concentrated. The simultaneous release 
of balloons at several points around individual storms 
having mature cells indicated outflow from the ground 
up to heights between 2000 and 5000 feet, with inflow 
above. This measured inflow provides a verification 
of the idea of entrainment of environment air into 
the vertically moving air of the cloud. In the later 
mature stage and in the dissipating stage, outflow was 
measured by the balloons at heights above 25,000 feet, 
corresponding to the anvil portion of the cloud. 

In general, one may say that, heretofore, meteorolo¬ 
gists have emphasized too much the thunderstorm up¬ 
draft. The downdraft is by far the most striking 
feature, at least in the levels at or near the ground. 
The inflow winds that feed the updraft are mere 
zephyrs at the ground, while the outflow from the 
downdraft produces winds occasionally of destructive 
force. Other striking changes, such as the tempera¬ 
ture drop and the pressure jump, go with the down- 
draft. Also it is evident that as a thermodynamic 
engine the thunderstorm does work both through the 
updraft, which is warmer than the environment, and 
through the downdraft, which is colder. Temperatures 
measured from the airplanes amply demonstrated 
these temperature differences and, in fact, showed that 
the stronger the draft the greater the temperature 
difference, in the sense indicated. 

Dissipating Stage 

When the downdraft has spread across the lower 
levels of the cell to such an extent that the updraft 
area becomes of secondary importance, the cell passes 
into the dissipating stage. As the process continues, 
the entire lower part of the cell has downdrafts, while 
in the higher levels there are negligible vertical mo¬ 
tions. Slight downdrafts exist as long as light rain 
continues, although the entraining of environment air 
at this stage must be a contributing factor in drying 
up the cloud. 

By the time the rain has stopped, large scale ver¬ 
tical motion has subsided and cell boundaries become 
very indistinct. The storm usually ends up as a dis-" 
sipating layer of altostratus. 


The Outflow and New Colls 

One of the effects of the outflowing cold air whiclf 
was immediately recognized and which was also known 
to previous investigators, was the action of the pseudo 
cold front in “triggering” the growth of new cells. 
It was found that the greatest probability for new cell 
development is in the region between two cells not 
rnore^han three miles apart, where two cold outflows 
meet to squeeze the warm air upward. Downwind 
three miles or less from an existing cell is another 
place of importance for cell development. 

In some cases the new ceils developed before there 
had been time for the cold air outflow to make its 
influence felt. It seemed that frequently there was 
a tendency for cells to grow in clusters almost simul¬ 
taneously. Some, more general features of the dy¬ 
namics of the air in the vicinity must be a contrib¬ 
uting cause in these cases. 

Flights Through Thunderstorms 

During the two seasons of measurements, the Air 
Force pilots made a total of 1,363 penetrations 
through thunderstorms at various altitudes without 
accident. An effort was made to perform these flights 
through the most vigorous thunderstorms that could 
be found in the area of operations. The analysis of 
these flights furnishes valuable information concerning 
hnzards in thunderstorms. 

Turbulence was found to be greatest at the middle 
jmd upper altitudes flown, that is, from 10,000 feet 
upward, with the greatest values appearing between 
15,000 and 20,000 feet. The least turbulence was 
found in the lower layers. TJpdrafta were strongest 
in the higher levels, as were also, to some extent, the 
downdrafts. The lightning and hail hazards were 
found to be greatest around 15,000 feet. In general, 
the worst conditions were encountered at the altitudes 
at which modem airplanes with supercharged cabins 
are most frequently flown. The use of airborne radar 
to avoid thunderstorm centers of turbulence, particu¬ 
larly at these upper levels, was indicated to be desir¬ 
able. With 10-em radar, it was found that the turbu¬ 
lence outside the cloud echoes was negligible compared 
with that inside. The possibility of developing radar 
to the extent that the smooth areas between the cells 
can be followed should lead to a satisfactory solution 
of the thunderstorm flying problem at all levels. 
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A Method for Estimating Volume-Surface Ratios 

Harold W. Chalkley, Jerome Cornfield, and Helen Park 

National Cancer Institute , Betbesda, Maryland 


W ITH THE CONTINUED DEVELOP¬ 
MENT of cytooheiuical and hiatochemical 
techniques and their increasing use in 
research involving problems in pathology 
and microscopic anatomy, there is increasing need for 
more accurate and speedier methods of analyzing the 
quantitative morphological characteristics of cells and 
tissues. In 1943 Chalkley (2) proposed a new method 
for estimating volume percentages of morphologic 
components in fixed preparations, or under proper 
conditions, in vivo . This method depends on the fact 
that if points are thrown at random on a block of 
tissue the percentage of points lying in any morpho¬ 
logic component will, as the number of points is in¬ 
creased, approach the percentage of the tissue block 
accounted for by the individual component. Tests in 
several different laboratories (i, 5, 6) have confirmed 
the original expectation that the method would prove 
expeditious and accurate. 

In the present paper an attempt is made to extend 
this method to obtain estimates of the volume-surface 
ratio of morphologic components such hs cells or nu¬ 
clei. There are good reasons a priori for believing 
that changes in this ratio may be correlated with dif¬ 
ferent physiological states, but until a method of 
measurement is available no confirmation of this ex¬ 
pectation is possible. The method to be proposed 
takes as its point of departure Crofton’s remarkable 
results (.?) showing that if an indefinitely long line be 
repeatedly placed at random over a plane containing 
a closed figure, the average length of the chord inter¬ 
sected by the figure will be ir area/perimeter, no 
matter what the shape of the figure, so long as it is 
not reentrant. 

This result requires modifications in several respects 
before it can be used for the purpose at hand: a) it 
must be made applicable to lines of finite length; b) it 
must substitute some simple procedure for the labori¬ 
ous and inaccurate method of measuring chord length; 
o) it must be extended to cover reentrant figures; d) 
it must be extended to provide an estimate not merely 
of the area-perimeter ratio in the focal plane under 
observation but of the volume-surface ratio in three 
dimensions of which the observed focal plane is a 
two-dimensional sample. 1 

* A related problem has been considered by Wtcksell (8, S). 
A large number of spherical or eUtpsotdal corpuscles of dif¬ 
ferent sloes are distributed in ft body, split In two by a plane 
section. Wjeksett expresses the distribution of the diam¬ 
eters of the corpuscles In the body in terms of the dlstrlbu- 
tiiw of the measured diameters in the plate section. 


The first three of these modifications are accom¬ 
plished by a single simple device. If we use a line of 
finite length, sny r, and count the number of times 
the two end points fall in the interior of a plane fig¬ 
ure, denoted by h for hits, and the number of times 
the line intersects the perimeter of the figure, denoted 




Fig. 1. Schematic representation of a randomly thrown 
line Intersecting a closed three-dimensional figure. In the 
tipper sketch the reading la two hits, no cuts; in the lower. 
1 lilt, 8 cuts. 

by o for cuts, then in a very large number of throws 
rh/c-ir area/perimeter for all closed figures, includ¬ 
ing reentrant ones (Pig. 1). The fourth modification 
is provided by the mathematical result that, when a 
line of length r is placed at random in three-dimen¬ 
sional space containing a closed figure, in a very large 
number of throws rh/c = 4 volume/surface. 

This result satisfies condition d } since placing a line 
at random in three dimensions can he shown to be 
formally equivalent to placing a plane at random in 
three dimensions and placing the line at random on the 
resulting two-dimensional plane section. 

If the space contains a series of figures of different 
volumes and surfaces, rh/c = 4 sum of volumes/suro of 
surfaces. As in two dimensions, this result applies 
whatever the shape of the figure, but covers reentrant 
as well as nonreentrant figures, Mathematical proofs 
arc provided in a more complete discussion of this 
problem to be published elsewhere. It follows from 
this result that if a method can be found by which a 
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liny of length r oan be placed at random in a tissue 
and the hits and cats on some specified morphological 
component counted, i rh/o will yield an estimate of 
the average volume per unit of surface for that com¬ 
ponent. 

Basic to the mathematical result is a particular defi¬ 
nition of randomness. Other definitions, which lead to 
different results, are possible and cannot be excluded 
on purely mathematical grounds. Crof ton’s original 
result was criticised by Edgeworth (4) for this very 
reason. Although the definition used by Crofton and 
by us is the same as that used by Buffon in his solution 
of the needle problem (7), which solution has been 
empirically verified, a test of the method is never¬ 
theless necessary. 

For that purpose the following trial was conducted. 
Strips of balsa wood were sawed into geometrical fig¬ 
ures of known shape. The figures we shall consider 
here are a cube J x i x 4 in, and a reentrant figure 
found by taking two parallelepipeds J x \ x i in. and 
glueing one on top of the other to yield a figure of th« 
shape shown in Fig. 2. The figures were dropped into 
a cardboard container filled with melted paraffin and 
talc and stirred. After cooling, the mixture was sliced 
into parallel sections, and all the resulting block* 
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were laid level, adjoining each other. Fig. 3 show*' 
the resulting sections for the $ x 4 x 4-in. cubes. A 
needle was thrown onto the blocks 2000 times, and the 
number of hits and cuts made by the needle on the sec 
tions of the wooden blocks that appeared in the slices 
was recorded at each throw. After each 100 throws 
the sections were reshuffled. Fig. 4 shows the result 
for tffe cubes, Fig. 5 for the reentrant figure. In both 



Fro. 4. Cumulative estimates from successive throws of 
volume-surface ratio for l-ln. cubes. 



volume-surface ratio for the reentrant figure. 


oases the estimate of volume-surface ratio obtained 
differs from the known figure by less than 6%. This 
agreement appears satisfactory. 

The 95% confidence limits shown in Figs. 8 and 4 
have been calculated from standard deviations com¬ 
puted from groups of 100 throws. They provide the 
basis for deciding when a sufficient number of throws 
has been made. Thus, after 2000 throws we San sop- 
clude, even in the absenoe of knowledge of the oorrect 
answer, that the correct value lies within 8% of the 
observed value with a probability of 0.05. After 1400 
throws the oorreet value lies within 10% of the oh- 




SCIENCE 


m 


September 23, 1949, Vol. 110 


served value, and after 900 throws within 15%. Thus, 
by calculating 1 error limits it is possible to decide at 
any point when sufficient accuracy for the purpose at 
hand has been attained. 

To determine the amount of subjectivity involved 
in reading 1 hits and cuts, two different observers in¬ 
dependently recorded hits and cuts for the same 2000 
throws on the reentrant figure. In all doubtful cases 

TABLE 1 

Estimates or a Trek Hatio ok 0.0563 Independently 
Obtained nv Two Observrrh from thb 
Same 2000 Throws 


Emlmntcd g- on 


ObHHrvpr 


IT we of 
flrut choice 


IJbc of 
MtM'ond 
choice in 
doubtful 
ca Nei? 


A 0,05*4 0.0572 

B 0.0557 0.0550 


they recorded separately their first and second choices. 
In no case do the differences exceed 6% (Table 1). 

In applying the present method to microscopic sec¬ 
tions, the major problem is in achieving randomness. 
When tile morphologic components under study are 


not oriented, for when they are approximately spheri¬ 
cal, the technique used by Chalkley.for achieving ran¬ 
domness (9) should be satisfactory. For this purpose 
a reticle with a line of suitable length engraved or 
otherwise inscribed thereon is substituted for the five 
pointers twed in the method referred to. The manipu¬ 
lation is identical but cuts as well as hits nre observed 
and recorded. Of course, the length of the visual im¬ 
age of the line in the focal plane must be measured 
for the particular magnification used, and treated 
as the eontant r in the calculations. When the com¬ 
ponents are oriented and are not approximately 
spherical, however, parallel sections cut through the 
tissue will not provide random sections. In such case* 
special precautions will :bc needed, to insure random¬ 
ness. 
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The Enzymatic Hydrolysis of 
Chloramphenicol (Chloromycetin ) 1 

Grant N. Smith, Cecilia S. Worral, and Betty L. LUUgren 

Research Laboratories, Parka, Davis and Company 
Detroit, Michigan 

With the development of the new antibiotic chlor¬ 
amphenicol, (Chloromycetin) (X, 3, 6) and identification 
a* n(*) tforeo-l-p-nitropbenyl-2-dichIoracetamido-l, 3-pro- 
panediol (£> 4 f J), experiments were undertaken to deter¬ 
mine if this compound could be inactivated by enzymatic 
hydrolysis of the amide linkage present in the compound. 
This linkage appears to contribute substantially to the 
bacteriostatic properties of chloramphenicol, 
lit the Initial aeries of experiments with IF. coll, B. 
myooides, P. vulgaris, and B. subtUis, it was found that 
chloramphenicol eould be hydrolysed when introduced 
into actively growing broth cultures of these organisms. 
The, decrease in bacteriostatic potency of the filtrates 
J Trs4wnaTk Parke, Davis & Company. 


from these cultures was followed by means of a micro¬ 
biological assay method for chloramphenicol using Shi- 
gella sonnet (0). 

The organisms tested showed considerable variation 
in ability to hydrolyse the antibiotic. P. vulgaris and B. 
mbtilti proved to be the best source of the enzyme; Cul¬ 
tures of these organisms possessed approximately twice 
the enzymatic activity of B. mycoides cultures and about 
three times the activity exhibited by B. coli cultures. 

The Result# obtained, using actively growing cultures, 
did not indicate whether the enzyme destining the anti¬ 
biotic was an extracellular or endocollular enzyme. When 
filtrates from 24-hr broth cultures of the organisms were 
incubated for 24 hr at 37° C with chloramphenicol, no 
hydrolysis of the antibiotic was observed* However, fil¬ 
trates from cultures 2-4 week# of age actively destroyed 
chloramphenicol and a fairly active preparation of the 
enzyme could be obtained by concentration of the filtrate. 
The euzyme is therefore liberated into the culture me¬ 
dium. The enzyme could also foe detected in suspensions 
of washed bacterial cells and in the autolycater prepared, 
from the washed cells. 
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The enzyme involved in the hydrolysis Of chlorampheni¬ 
col has been tentatively designated as enzyme A to dis¬ 
tinguish it from the other enzymes which might be in¬ 
volved in the enzymatic destruction of the antibiotic 
through attacks on other groups present in the molecule. 
The action of the enzyme is to hydrolyze the amide link¬ 
age of chloramphenicol and thus liberate the correspond¬ 
ing basic amino and diehl or oncotic acid, which have been 
isolated and identified by chemical means from the en¬ 
zymatic digests of chloramphenicol. 

The optimum conditions for the enzymatic hydrolysis 
of chloramphenicol lmve been found to be pH 7.5 and n 
temperature of 37.5 to 40.0° U. The rate of enzymatic 
hydrolysis increased with substrate concentration up to 
2 mg per ml. This is approximately the maximum solubil¬ 
ity of chloramphenicol under the tost conditions. 

One unit of enzyme activity has been arbitrarily chosen 
as that amount of the enzyme which will hydrolyze 1 pg 
of chloramphenicol in 1 hr at pH 7.5 and 37.5° C. 

Initial studies on the properties of this enzyme involved 
in the hydrolysis of chloramphenicol indicate that it is 
probably very similar to other proteolytic enzymes that 
have been isolated from bacterial cells. Moreover, this 
enzyme is neither a true papain nor a trypsin, since 
highly active preparations of these latter enzymes do not 
hydrolyze chloramphenicol to any great extent. The en¬ 
zyme appears, however, to be activated by cysteine and 
other rcducit\g agents, so that it is probably more closely 
related to the papain group than to the trypsin group 
of enzymes. Crystalline preparations of pepsin and cliy- 
motrypsm were found to be inactive on chloramphenicol. 

Further studies on the distribution and properties of 
this enzyme are in progress and will be reported later. 
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Absorption Spectrum of Beta Carotene in 
Liquid Solution at the Temperature of 
Liquid Nitrogen 1 

StmonFrstd and C. J, Hochanedel 

Cbamktry IhrMss, 0*A BJ4g* Satiansl Laboratory 
Oak JUdg#> Taman** 

In a rWnt paper in another journal (I), wo describe 
solutions ofsalts fluid at the temperature of liquid nitre- 
,-#&»* One of the solvent* employed consists Of one part 
in t^n of*-propy] alcohol and the remainder is equally 
divided between the liquids propane and propeae. 

iThls document Is based on work performed under Con- 
***& Kwmhsr W-7400 sag ao for the Atomic jBaeigy Project 
*tam** 



rw. 1* Absorption spectra of carotene (00% alpha and 
10% beta). A—In heptane at room temperature; u—in 
equal volume mixture of propane and propene at - 190* C. 


To obtain ns refined a spectrum of n solute as possible, 
it is recognized that solvents such as alcohol and ether are 
to bo avoided, since they possess permanent eleetric di¬ 
pole moments, and they would be expected to distort the 
solute molecules. For this reason, hydrocarbons such as 
hexane frequently serve as solvents. 

Our mixed solvent without alcohol, gamely, a solvent 
consisting only of liquid propone and liquid propane in 
equal volumes, proved to dissolve carotene rather rapidly 
at about - 50* C and maintain it in solution at -126* C 
in sufficient concentration to give an absorption spectrum 
in a path length of 2(5 cm. 

The spectrum at -196*0, ns may be seen from the 
traces, differs markedly from that of carotene at room 
temperature dissolved in heptane* The number of ab¬ 
sorption peaks seems to be the same, but their relative In¬ 
tensities differ greatly. They are much sharpened and 
are in general displaced toward long wavelengths at the 
low temperature. 

On lowering the temperature of the solution in propane- 
propene from - SO* C to ~ 1W # C, changes consistent with 
these took place. 

The Solute consisted of 00%. beta carotene and 10% 
alpha carotene. 

We ate much indebted to Dr. Martin Kama, of our Bi¬ 
ology Division, hot only for some biologically important 
substances but also ftir a discussion of great talue to u* 
on their chemical and speetroscopk properties. 

' Rsfsrssrs 

*{: and HOeRasranuni C, t x >. ihsRu 
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An Interpretation of the Cause of Water- 
repellent Sandy Soils Found in Citrus 
Groves of Central Florida 

I. W. Wander 

Cltrut Experiment Station , Lake Alfred, Florida 

Hovera! reports (3-6) have appeared in soil literature 
discussing the property which prevents the soil from being 
properly wotted by either rain or irrigation water. This 
property, wateT repellency, is widespread and quite pro¬ 
nounced in much of the citrus-growing area of Florida, 
ruder many trees a large volume of soil remains dry even 
after prolonged periods of rainfall, A drop of distilled 
water, placed on the soil, behaves ftH if it were on u 
unxed surface. In some cases tlie drop of water Mill 
evaporate in place without any penetration; in other 
cases it will gradually penetrate the soil after several 
hours, 

During the rainy seasons of 1947 und 1948, differences 
in the prevalence of water-repellent soil were noted in a 
group of plots having different fertilizer treatments, 
located nt the Citrus Experiment Station at Lake Alfred, 
Florida. The treatments had been in effect 10 years. 
Determinations of the relative amounts of water-repellent 
soil were estimated by placing a drop of distilled water 
on soil samples taken from beneath trees and observing 
the time required for absorption. This was done by 
taking samples to a 6-in. depth with a stainless steel 
tub© 1 in. in diam, turning the sample tube upside down 
and placing the drop of water on the exposed soil surface. 
If the drop of water did not soak into the soil within 
10 hoc, the soil was listed as water repellent; if it did 
soak in, it was listed easy to wet. Eighty examinations 
were made in each plot and the results from duplicate 
plots combined. The results of this investigation are 
shown in Table 1. 

These results Indicate that fertilizer practices influence 
the amount of water-repellent, soil found under field con¬ 
ditions. It appears that, the use of magnesium in the 
fertilizer, along with a separate application of ground 
limestone to control soil pH at about 5.8, is associated 
" ith the water-repellent phenomenon. 

It is known that fatty acids form very insoluble soaps 
with calcium, magnesium, and other metals and that these 
soaps, when dry, are extremely water repellent. Waksman 
(6) had previously cited the presence of fatty acids, 
fats, and waxes in soils, With this, in mind, several 
composite soil samples Which exhibited the water-repellent 
property were checked for the presence of fatty acids, 
This was done by heating the soil in the presence of a 
strong sodium hydroxide solution, neutralizing with sul¬ 
phuric acid, and steaupdistillJag in the presence of a 
slight excess of acid. A small amount of solid material 
was obtained which gave a test for a carboxylic acid group 

v-^ • 

A dilute ether solution of the solid material obtained 
from this Steam distillation, when added to subsoil, which 
wet xm on its wettability- How- 

wr, when a. dilute aqueous solution of calcium or mag¬ 


nesium hydroxide was added to the soil, which had been 
previously treated with the ether extract, the soil be' 
came very water repellent when it was dry. 

This was further checked by treating an easily wetted 
soil with a dilute solution of stearic acid in ether. The 
ether was evaporated and then a dilute solution of either 
calcium or magnesium hydroxide was added and the soil 
dried. Following this treatment the soil became ex¬ 
tremely wato r repellent. Evidently the formation under 
Acid conditions of metallic soaps results in water-repellent 


TABLE 1 

Rklationhiiip of Fkutjlizkr Tiikatwwnt to Amount 
of Watrr rkcbIiLKnt Sou. 


Plot 

Non, 

Fertilizer treatment 

A 

2 

~ g I 

oc a, 

z ? 

fc. 

ttg! 

a.S! 

■ 5*1 

1 ami 12 

3-6 8-4-1-** 

40% N organic source 
pH fi.Nt 

23 

18 

2 and 11 

3-6-8-0-11 

100% N Inorganic source 

1»H ».8t 

4 

1 

3 Htlfi 10 

3-6-8-21* 

100% N Inorganic source 
pH r>.st 

29 

30 

4 HlMl 0 

3-6-8-4-1-i 

1(H) % N Inorganic source 
pH 5.8t 

23 

23 

5 and 8 

3 6-8-4-1-4 

100%. N Inorganic source 
pH not controlled (4.2) 

0 

1 

0 HUd T 

3-6-8-0-043 

100% N inorganic source 
pit not con trolled (4.2) 

B 

8 


♦ The figures refer to percentages <rf various constituents 
in the fertilizer in the following order : N- PiO b-KiO- MgO MnO - 
OuO and ah determined by A.O.A.C. methods for fertilizers. 
The fertilizers Indicated were applied at 60 lb per tree per 
year. 

t pH controlled with high Ca limestone. 

soil and a similar water repollency can be produced in 
the laboratory by similar chemical combinations. 

Jacobson and Holmes (£) found that metallic soaps, 
such as magnesium stearate, are practically insoluble in 
ether, but that magnesium stearate is relatively soluble 
in methyl alcohol* Jamison*s work (4) indicated that a 
water-repellent soil, extracted with ether, remains water 
repellent. With these facta in mind a sample of water- 
repellent soil was extracted first with ether to remove any 
free fats and waxes, then with methyl alcohol. This 
treatment left the soil readily wetfcable. The methyl 
alcohol extract, when evaporated on an easily wetted soil, 
left the soil water repellent, whereas the ether extract had 
no effect. When a portion of tbe metbyl alcohol extract 
was evaporated to dryness, nitric and perchloric acids 
added for destruction of organic matter, and heat applied, 
small globules of fa* were released. Further heat 
oxidized the fat, and the residue, when taken up in dis¬ 
tilled water, gave strong magnesium and calcium testa. 
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This indicates that calcium and magnesium soaps bad 
been dissolved by the methyl alcohol. 

From this and other corollary information, it has been 
concluded that it is the formation of a water-repellent 
coating of metallic soaps on the soil particles (98% silica) 
that causes the water-repellent property found in many 
Florida soils. The source and identity of the particular 
fatty acids involved have not yet been determined. 
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Near Infrared Absorption Spectra of Uracil, 
5-Chlorouracil, and Thymine 1 

J, R. Lacker, D. E. Campion, and J, D. Park 
Universtty of Colorado, Boulder 

Infrared spectrometry has proved very useful in study¬ 
ing biologically active materials (-5), particularly if they 
are soluble in solvents which are transparent in the same 
region of the spectrum. In proteins (I, 4) and the 
components of nucleic acids (£, J), the lack of solubility 
in other than aqueous solvents has made it necessary to 
use thin films, powders, suspensions, and the like. We 
have found that fused antimony trichloride is a powerful 
solvent for some of these materials and nearly 0.2 molar 
solutions of uracil, S-cMorouracil, and thymine were read¬ 
ily prepared at 100 6 C. After a vacuum distillation, the 
fused antimony trichloride was suitably transparent and 
showed only two small absorption peaks at 1.93 and 1.42 ^ 
(believed to be an O-H stretching overton ). These peaks 
cause no trouble, since their effect is subtracted out with 
the background. We have not investigated the absorp¬ 
tion spectra of antimony chloride beyond 2.3 \i, but one 
might reasonably expect it to be transparent as far out 
as carbon tetrachloride or perhaps silver chloride. This 
aspect of the problem Is being studied further. 

The near infrared spectra of the compounds reported 
in this paper were measured with a Pcrkin-Ebper spec¬ 
trometer model 12-B. A flint glass prism and tungsten 
light source were used, with a constant slit width of 0.475 
mm. The absorption cell was constructed of Monel metal 
and had a diameter of 2.5 and a length of 4.0 cm. Glass 
windows were used with Teflon gaskets. The cell was 
heated electrically to 100* G, 

The results obtained are shown in Fig. 1 and tabulated 
in Table 1. For comparison we hart included the ab¬ 
solution spectra of phenol and acetamide. The concen¬ 
trations are about OJfc molar. In addition, cblorouracil 

* Sapported in part by the Atomic Energy Commission and 


in resets asso*fti»n setcreoeaev 

ItttUMfi m ******* 



Mvltltir* » mtmcmt 


Fid. 1. 

absorption curves were run at 0.18, 0.28, and 0.43 molar. 
The effect of increasing the concentration of chlorouracil 
is simply to deepen the various absorption bands. No 
broadening characteristic of by dromon bonding was ob¬ 
tained, and wc infer that in this solvent compounds are 
present in a monomeric form. 


TABLE 1 

Near InYhahkd Absorption Rands 
(in Antimony Trichloride) 


i 

t 

i 3 

S s 

1 

f 

© 

1 

«| 

< g 

Assignment 

ah 

ab 

ah 

1.43 

ab 

O-H 

1.50 

1,50 

1.51 

ah 

1.40 

tin 

1.65 

1.65 

1,68 

1.67 

ah 

U-H (ring) 

ab 

»b 

1.75 

ab 

1.75 

C-H (aliphatic) 

1.90 

1.00 

2:oo 

ab 

2.00 

CO 1 

243 

2.13 

2.14 

244 

ah 

041 (combination. 


ring) 



Uracil, ehtorouracil, and thymiue all show sharp, deep 
beads at 1.50 p. Bath and EUis (I) concluded from a 
study of various proteins that abeorption at this wave¬ 
length corresponds to the fltet overtone. The very 
deep baud at 1.^9 pin the spectrum of acetamide confirms 
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this usiiignment, In phenol strong absorption occurs at 
1.43 |x. This corresponds to tho first O H overtone, 
Since uracil and its derivatives do not absorb in this 
region but do absorb in the region characteristic of the 
first N-H overtone, it is inferred that these compounds 
exist predominantly in the ket-o form when dissolved in 
antimony trichloride. 

Tho absorption at 1.65 it shown by uracil, chlorouracil, 
and thymine is attributed to the first OH overtone char* 
acteriatic of ring compounds. The absorption is quite 
strong for phenol, which has five such hydrogen atoms, 
and quite weak for chlorouraeil, which has only one OH 
bond per molecule. The broadening of the OH band 
toward the infrared in the case of thymine can be at¬ 
tributed to the aliphatic "OH overtone of the methyl 
group. The second dip in this broad band is centered 
at 1.75 p, which coincides nicely with flio methyl typo 
OH band of acetamide. 

Uracil, chlormrnrtftt, thymine, and acetamide show ab 
sorption at 1.99-2 00 n; this band is absent in phenol. 
It is probably due to the second carbonyl overtone vibra¬ 
tion which is known, to lie in this region (1). All of tho 
compounds except acetamide absorb at 2.13 p,. This band 
may be due to a combination of the fundamental valence 
and deformation vibrations of a ring C-H group. Be* 
youd 2.1 n the results are uncertain because the flint glass 
prism begins to absorb strongly and reduces the light 
intensity. Complete details of the spectra will be pub¬ 
lished elsewhere. 
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Experimental Mixed Infection of Mice with 
Lansing Poliomyelitis Virus and Western 
Equine Encephalomyelitis Vitus 

Fred W. Gallagher 

^trhwst of Re cterioJofy end CUnicel Pet&elegy, 
Co[teg$ ef Medicine, University ef Ve rmont , MneUnyien 

The phenomenon of interference between virus agents 
has been claiming Increasing attention during the last 
decade. Interference has been demonstrated between 
plant viruses, between bacterial viruses (bacteriophages), 
and between animal viruses. In some coses when inter¬ 
ference occurs the growth of one virus is inhibited, as 
evidenced by failure subsequently to demonstrate its pres- 
wwc (It d), while in other cases the growth of both 
viruses is inhibited (J), On the other hand, it hoe been 
shewn that two viruses may grow together without op* 


In an attempt by the author to demonstrate interfer¬ 
ence between the viruses of equine encephalomyelitis and 
poliomyelitis in mice, it became apparent that such inter¬ 
ference reported in monkeys (t) did not occur in mice. 
It was evident that both viruses grew in mice and that 
either or both could produce symptoms and death. If 
any antagonistic effect at all was manifested it consisted 
solely of a prolongation of life in some of the mice. 

Lansing poliomyelitis and western equine encephalomy¬ 
elitis viruses were chosen because their incubation periods 
and symptomatology made it easy to distinguish between 
them in mice. Because the Lansing virus has an incuba¬ 
tion period averaging 7-9 days and tho W.E.E. virus 
kills regularly in 48 hr, the W.E.E, virus was inoculated 
later so that both viruses could roach effective Concentra¬ 
tions at about the same time. Accordingly, several pre¬ 
liminary experiments were run to work out the mutual 
relationships of dosage and time interval between admin¬ 
istration of the viruses. 

In one of these experiments using 30 mice it became 
apparent that LD*, doses of the two viruses would not 
give significant data without the use of extremely large 
groups of animals. It seemed desirable that ull animals 
in the two control groups (Lansing virus alone and 
W.E.E. virus alone) should die in a reasonable period of 
time. Titration of the W.E.E. virus showed that 0.93 
ml of a 1: 1000 dilution inoculated intracerebrally would 
kill all mice injected in 2-3 days. The Lansing virus, 
however, presented a more complex problem. A single in¬ 
tracerebral inoculation of the supernatant fluid (allowing 
suspension to stand for 10-15 min for settling of coarser 
tissue fragments) of a 10% suspension of mouse brain 
and cord never killed all of the mice injected, and even 
among those that did die the incubation period of some 
was prolonged to 2 or 3 wcekH. However, killing of all 
mice could be achieved by two inoculations of virus 
spaced 48 hr apart. Further, this served to shorten the 
incubation period somewhat. The preliminary experi¬ 
ments showed also that a time interval of 3 days between 
the second inoculation of Lansing virus and the adminis¬ 
tration of W.E.E. virus would probably be optimal. 

A group of 62 10*g white mice were used for the ex¬ 
periment here reported. Fifty-tw<*o4 these mice received 
two intracerebral inoculations of Lansing vims spaced 
48 hr apart. One mouse was killed by the inoculation 
procedure. On the. morning of the third day following 
the second injection H of these tab* wofo either dead, 
moribund, or showed typical poliewyeHtis 1 paralysis. 
These were arbitrarily set aside to constitute a poliomy¬ 
elitis virus control group. The remaining 37 Lansing 
mice, together with the ten uninoculated mice, were in¬ 
jected with W.E.E* virus. The ten W.E.E. mice all died 
with typical symptoms in 48 hr. Of the 37 mice re¬ 
ceiving both viruses, 17 died in &-17 days with typical 
poliomyelitis symptoms, 11 died in 2-3 days with typical 
W JhE. symptoms, and eight died in 1-9 days with what 
were judged to be mixed symptom. One mouse did 
not die. 

The brains and spinal cords of five of tho mice receiv¬ 
ing both viruses Ond dying With typical poliomyelitis 
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symptoms were removed. The fiord end brain stein were 
removed from each brain and the cords and brains pooled 
separately, These were ground, diluted to 1:100 and 
1:1000 and injected' into white mice, nil of which (lied 
in 48 hr with typical W.E.F. symptoms. Similar results 
were obtained with brain and cord material removed from 
mice dying with W.EJ2. symptoms and from mice dying 
with symptoms judged to be a mixture of the two dis¬ 
eases. 

It is apparent that mice dying with typical poliomyeli¬ 
tis symptoms Jiad W.E.E. virus in high concentration in 
the central nervous system, and it seems reasonable to 
infer that there was a concomitant growth of these vi¬ 
ruses. It seems reasonable further to assume that 
whether a mouse died with poliomyelitis or encephalitis 
was a fortuitous circumstance depending on which virus 
happened to gain the ascendancy. Unfortunately, the 
long incubation period of poliomyelitis virus and the 
short incubation period of W.E.E, virus precluded the 
possibility of demonstrating the presence of poliomyelitis 
virus in mice dying with W.E.E. symptoms. 

Tho question \yhy certain viruses interfere with each 
other while other viruses may grow together in the same 
host, organ or tissue remains unanswered. The observe 
tiona here reported, that equine encephalomyelitis virus 
and poliomyelitis virus may grow together in the brains 
of mice, whereas these viruses interfere with each other 
in monkeys, do not clarify the situation but nevertheless 
provide additional information. An elucidation of this 
fundamental problem will undoubtedly add greatly to 
our knowledge of the basic mechanisms of virus growth. 
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Thyroid Destruction by 1 1S1 , and 
Replacement Therapy 1 

C. F. Winchester , 1 C. L. Comer , 3 and George K. Davit 

Department of Animal Industry t University of Florida, 
GainntvUU 

The early work of Graham (i) on milk cows, and of 
Winchester (6) on chickens demonstrated a very definite 
relationship between thyroid function and milk and egg 
production. Winchester (d) also, found a parallelism be- 

1 Published with the permission of the Director of tlie 
Florida Agricultural Baperimeut Station. 

* Present address -i Anliasl Husbandry Division, 

Agrtc. Rns. Ccntpr, Bwnsvftle. MaryUnd. 
fPfS eent Mdress: University at Tennessee, Knoxville, Ten- 
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tween thyrotropic hormone content of the pituitary, basal 
metabolism, and egg production of hen*. Subsequently,' 
numerous reports have been made concerning the use of 
various drugs that in one way or another influence metab¬ 
olism, and eventually the production of farm animals 
(d, 4 ). The literature Is characterized by a certain 
amount of disagreement as to the effects of the drugs, 
and%in^hasi»es the need for further research on the fun¬ 
damental aspects of thyroid function. 

This report presents a method by which thyroids of 
young chickens have been eliminated by I 18 * irradiation,* 
apparently without damage to the aniyml other than Home 
possible destruction of parathyroid tissue; a procedure 
similar to that of Gorbman (#), who has reported 100% 

• destruction of thyroids of 2~5month*old mice by Iiat in¬ 
jected in doses ranging from 18 to 55 me of activity per 

% TABLE 1 

lulJlNE 131 DOSAOB AN1J PMIU’KNTAOK TMVROID DESTRUCTION 
(Rrsulth of Fivk Trials) 


Dow* l 1 " 1 


No. of 
chirk* 


Exposure 

period 


Estimated 

thyroid 

destruction 


iih'/1(N) r 


<luys 


1-1.9 

2 

5 

0 


1 

over 24 

3 0 

2-2.9 

1 

5 

10 


1 

5 

50 


1 

over 24 

75 

3 3.9 

1 

over 24 

90 


4 

over 24 

too 

4—4.9 

t 

5 

nearly 100 


3 

over 24 

90 


4 

over 24 

100 

5 5.9 

1 

5 

nearly UK) 


4 

over 24 

100 

6-6,9 

<> 

over 24 

100 

9.2 

j> 

over24 

loo 


kg of body weight. The work reported here, however, 
deals with thyroid destruction by 1**1, or radio-thyroid- 
eerturf*,* during the first few days of life rather tJmu 
after the animal has reached full size. Further, by means 
of thyroxin therapy, lords lacking thyroid glands wore 
brought to full sine and into egg production, while similar 
birds that did not receive thyroxin survived for limited 
period* only, and grew very slowly. 

The bird* used in these experiment* were- New Hamp¬ 
shire chicks, obtained from a commercial hateheiw, and 
weighed 43*66 g at the time of injection. 

* ftltiee the literature apparently includes no term indirai Ivs 
of thyroid elimination by other than surgical means, the 
author* have deemed it necessary to Introduce a suitable term 
in order to avoid undue repetition and use of descriptive nm- 
tertat After due consideration, the tern “radto-thyrpld- 
ecroxls 1 ' (pronounced «-krp*r-8U) has been selected to in¬ 
dicate total destruction- of the thyroid gland la the Bye 
animal by means of a radioactive vubetoaoe such 
Gmteful mttaoartedfemsnt Is due Dr. Joseph Brunet, pre* 
feseor of snefent languages, Hwlveriity of Florida* fox hi* 
cooperation in offering a aumber ef possible term from which 
a final selection arse made by the atttfaora. 





. _ 

<• f . »&**«»** 

- !' **■* =c 


FJO. 2. JCffeet »f thyroid replacement therapy «n B bird 
ItcklttK thyroid, Normal control at right, tbyra*d**ererti<tawd 
bird injected dally With W*ori« at center. The three bird* 

war* ft weeks of #m wh<w photographed 

Iodine »«* supiflM Uy the <)ak »t^ Nft- 
tlowjl Laboratory onB v At<^r»^JKtt#r»y 
OoiamleeSm Tfeevatioof the»0akJUdge National laboratory 

w<** ratted J «je 
' ItarOatt <tf tMftattaCcla rtttUcnrte ntdt in 

■ :;•' v : : ': i ;\V V '.. 


II 1 4 I II 6 I II 12 I I I 16 I I 120 

Km. 3.. Influence »C ra<H«>-thyrold-*cn?ri« on growth, and 
«•/ thyroxin on growth of UinlH lucking thyroidtf. 

times the half-life of Ii«) accomplished complete destruc¬ 
tion of the thyroids in the five trials. An anomalous situ¬ 
ation existed in the ease of trial No. 4 r in which even 6,0 
me of activity failed to accomplish complete thyroid de¬ 
struction. The results of this trial are not included in 
this report. No explanation has been found for the nega¬ 
tive results obtained in this one trial. 

Injected chicks, in which thyroids were not found on 
autopsy, grew very slowly and survived only a limited 
time after injection (7—16 weeks) unless they wore given 
thyroid replacement therapy, In Fig. 1 are shown a 
control bird and ft thyroid^eereetieiiwd chick, both 7 weeks 

“ Grateful acknowledgement 1* doe l>rs. Nelson A- Murray 
sftd Luden V. nyrft«ferth, ef Jacksonville, Florida, to wfcose 
laboratories wort of the section* ww prepared. 
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of age. In trials 5 and 6 the smaller of each pair of 
chides injected with I 13 * at a given level was selected 
about 2 weeks after injection for n placement therapy. 
Thyroxin in water suspension was injected daily at. a 
level of 3.8 ng in trial 5, and 5.7 pg in trial 6, per 100 g 
body weight. 

The first visible response to thyroxin injection was 
rapid resumption of growth. In Fi' r . 2 are shown a nor* 
mal control bird, an Iiat-injeeted bird, and a thyroid* 
ecrccticized chick given daily injections of 3.8 pg thyroxin 
daily. 

TAULK 2 


BCKl PRODUCTION OF THY ItOXTN-IN.TKCTEP HENS 

and of Controls 


Hen No. 

----- rsrf * 

Done I m In 
me ikt'KO g 
beflrwt, 

bald first egg 
at age in wesks 

Kgs material 
*l»cr week in g 

34 

3.1 

20 

150 

50 

0.0 

19 

169 

59 

0.2 

* 

... * 

35 

0 

20 

144 

64 

0 

22 

Entered pro¬ 
duction 4 days 
prior to 
nuto|wiy 


* Condition of the reproductive organs indicated that Hen 
No. 59 would have laid Ht an early age. 

Tn Fig. 3 the growth rates of thyroid-eereeticized, thy 
roxin-injected birds are compared with those of normal 
controls, and thyroid-ecrecticized chicks that did not ro 
oeivc thyroxin. Growth and feather development were 
quickly resumed after the initiation of thyroxin therapy, 
and some thyroxin-treated birds actually became larger 
than the comparable normal controls. 

Since ionizing radiations are known to have profound 
i*fleets.on the reproductive organs, the egg-producing abil¬ 
ity of thyroid-ecrectiaized birds, treated with tbvroxin, 
is of particular interest. The experiment was terminated 
before more than two of the control females had entered 
production. Two of the throe thyroid-ecrecticized females 
oywl$t£d,iu**bu» is,shown by Table 2, th*?ir rates of pro¬ 
duction were excellent when the age of the birds is taken 
into consideration. A third experimental female that 
received the relatively large dose of 9J! me of activity 
per 200 g body "weight wn&.found on autopsy to. have 
developed normally, and presumably she would have laid 
at an early age. 

lUfsrsaos* 

J. tin ah am, W. R„ Jn. J. nutrition, 1934, 7. 407. 

2. Gobs man. A. Proc. Roc. cap. Biol. Med., 1947, 66, 212. 

3. Ewing, W, Rat. Poultry tiwiHfioa, (3rd Bd.) Pasa¬ 

dena: w. Ray Ewing; 1947. F. 1140. 

4. Mtmtuaox, Frank Ji. Feed* and feeding, (gist Ed.) 

Ithaca* N. Y,Morrison Publishing Co., 1048. P, 027, 
5 WlNCUB*TB», C F. Bn4oorinolOiW> 1939, M, 607. 
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Microcrystailographic Data on Sodium-D- 
Glutamate (Monosodium Glutamate) 


Georgs L, Keenan 

&tro*gtviU* t Ohio 

■to 

During*- the period 1938-1040 the writer had occasion 
to examine microscopically samp’es of it substance which 
at that time wus considered somewhat of a novelty ns a 
table condiment. This material was the Japanese “Aji- 
No-Moto, M long known and crudely I prepared in the 
Orient us a food supplement. The samples submitted, 
however, were not pure, containing an appreciable amount 
of salt and other imparities. The method used for the 
examination of the material was-that which hud been 
previously applied to a microscopic study of the common 
crystalline gmino acids (4). 

More recently the writer had an opportunity to examine 
a pure sample) of Hod)um T>-glutamate for the purpose of 
placing on record the significant optical crystallographic 
properties of the substance. The increasing widespread 
interest in monosodium glutamate as a seasouer of foods 
( 1 , F, 5, 6) appears to justify a more complete micro¬ 
scopic description than has hitherto appeared. Partial 
crystallographic and optical data have been recorded (tf, 
7), including only one refractive index. 



Microscopic examination of monosodium glutamate 
(CbH«0 4 NNa} shows that it is crystalline, apparently 
crystallising in the monoclinic system, elongated, pris¬ 
matic forms chafacte^iffih^ the habit (f)ig. 1). In par¬ 
allel polarized light (crossed Nicols), the crystals are 
elongated parallel to axis b } showing parallel extinction 
IMMt negative, eJongat&a. In ,’g*nveg^' prflafiJ|$h* 
(crossed Nicole), partial biaxial interference fignbes oc¬ 
cur, the optic axis figure being most wuaHy shown. Op¬ 
tic sign (-.), Refractive indices: «= 1.500, 0s= 1.550, 

7 = 1.502, all ± 0,00a, 


1. CAiaNCROtis? tb K, and 6j0«t*5m, L. D. Food lad., 1048, 

60 , 982. 1108. 

2. Caocksit, E, C and SjOsTbOm, L, B. rood kc$. t 1948, 

is;450,xVi/.V'' " 

1 Supplied by International Minerals and Chemtoal Corpora¬ 
tion, Chicago, through the Mttdntoss of l4r, B. F. Buchanan, 
Technical Service Director, Amino Products Division. : 
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4. Krbnan, Georgr Ij. J. biol Chem. t 1924, eft, 163. 
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Aureomycin and Blood Coagulation 

David I. Macht and Robert Farkai 

Dep*rtm*wt of Pharmacology, 

Laboratories of Sinai Hospital, Baltimore 

Moldavsky, Hasselbrook, and Cnteno (5) wore the first 
to report that the blood of patients receiving injections 
of penicillin clotted much mforo quickly than normally. 
These observations were corroborated and extended ex¬ 
perimentally in animals and human beings by Macht (i) 

1 K>tli after parenteral injections and when administered 
by stomach. Macht further determined the relative 
thromboplastic efficiency of the four principal penicillins 
(1, X, F, and K; and also found that streptomycin 
shortened the coagulation time of whole blood. The 
clinical bearings of these findings in regard to possible 
thromboembolic accidents have been also discussed by 
him (2). Recently, the antibiotic aureomycin, discovered 
by It, M. Duggar, has been introduced into medical prac- 

TABLE 1 

Effect of Aurgomycin on Blood Coaoui^tion Timk 
in Rabbits 


Rabbit 

wt 

iu kg 

Normal 

coag. 

Hum 

In min 

A u ren¬ 
in yciu 

In mg 

Cong. 

time 

In min* 

Cong. 

time 

In mint 

A 

3 

11 

in 

9 

7 

It 

2.8 

11 

10 

9 

7 

C 

3,4 

10 

100 

5 

3.5 

n 

2.5 

11 

on 

3 

3 


* Tested about 1 hr after administration of drug 
t Tested In about 14-3 hr after administration of drug. 

tlce. It was therefore deemed worth while to study its 
influence, if any* on blood coagulation. 

Experiments with, at**>omyciu were ^njade on rabbit h 
and cats, and clinical testa wore made on patients who 
had not received any previous medication. In all of the 
experiments, the drug, was adiainistered by s Bt£maeh. The 
clotting time of whole blood was measured by the Lee 
and White method before administration of aureomycin, 
and at various intervals afterward. 

Table 1 shows the results of 4 rabbit experiments, in 
which various doses of aureomycin were given to the ani¬ 
mals. It will be teen that iii each ease coagulation time 
was markedly shortened. Blood in all theae was secured 
by cardiac puncture. 

Thble 2 gives results of an experiment bn a cat and 
illustrates atrikingly that no change occurred In coagula* 
tioictimcof blood taken repeatedly from the earotld 
nrteryl*^^ amuerayctn. Itshows also the pro* 


gressive diminution in clotting time after administration 
of this drug. 

TABUS 2 

Effect or Auhboutcin on Blood Coagulation Tuib 
of a Cat* 


When tested 

Coagulation time 
in min 

10.10 A.M. 

10.fi 

10.20 “ 

11.5 

1D.::0 *• 

13.5 

10.30 44 200 mg Aureomycin 

11.20 11 

8 

13.30 " 

(t 

11/0 “ 

4 

11.BO “ 

4 

* Wt—4 kg. 



Table 3 presents the findings obtained in 14 patients 
before and after # administration of aureomycin. The 
patients were given one or two capsules of aureomycin of 
250 mg each, the usual clinical dosage. It will be seen 
that in every case some shortening in coagulation time 
was produced. Control experiments on human subjects 


TABLE 3 

Effect of Aijhkomycin on Blood Coagulation Time 

OF IiUMANM 


Patient 

Dose In 
capsules* 


Coagula¬ 
tion time 
in min t«- 
fore dose 

Interval 

hr 

and 

mlu 

Coagula¬ 
tion time 

In min 
after dose 

Mr. D.W. 

1 

8 

1 

30 

5 

Mr». S. 

3 

10.5 

1 


7.5 

Mrs. G. 

1 

0 

2 


7 

Mrs. K. 

2 

(1 hr apart) 

10.5 

1 

20 

3.5 

Mr. 7.. 

44 

10 

1 

20 

7 

Mrs. P. 

2 

(together) 

14.5 

1 

45 

8.5 

Mrs. I.R. 

“ 

12 

1 

30 

0 

Mr. C. 

1 

8.5 

1 


1 

Mrs. B, 

1 

11 

2 

30 

7.5 

Mrs. M. 

1 

11 

2 

30 

7 

Mm. D. 

1 

12 

2 

30 

8 

Mrs. B.R. 

2 

(1 hr apart ) 

9 

3 

30 

0 

Mrs/'Z.K. 

• 4 

9 

3 

30 

6 

Mri J. 

U 

0: 

' > 

30 

6.5 


* Each capsule contains 250 mg aureomycin. 


who did not receive aureomycin did' not ’ reveal such 
changes after repeated blood examinations. 

Tests made on both human subjects and lower animals 
revealed no difference in prothrombin time, thus in* 
dicating that the diminution in clotting timo is due to 
other factors involved in blood coagulation. Repeated 
tests of blood sera before and after administration of 
aureomycin revealed phytotoxic properties when tested by 
the author V phytopharmacological technique (*>, as 
found in penicillin and streptomycin (1). Experiments 
now in progress with cbloromycetin indicate similar 
properties. , 
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The findings with aurnomycin are of considerable prac¬ 
tical clinical interest. There is undoubtedly a definite 
shortening of clotting time noted at the height of anti¬ 
biotic therapy. While ordinarily nature provides a wide 
compensatory mechanism for prevention of thrombo-em- 
bolic accidents, still the coagulatory apparatus may be 
considered as in a inetastable state, so that sudden physio¬ 
logical disturbances might precipitate thrombo embolic 
accidents. Hence suitable prophylactic measures by use 
of anticoagulant drugs may be instituted. 
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Body Retention of Carbon 14 from 
Labeled Sodium Bicarbonate 1 

Howard £. Skipper, Lock* Whit*, Jr., and Carl £. Bryan 
Southern Research Institute, Birmingham, Alabama 

In view of the present wide usage of carbon 14 and 
the concern regarding possible radiation hazard involved, 
it is believed that certain dHta obtained on this subject 
are worth recording at this time. Bloom, Curtis, and 
McLean (i?) and Armstrong, Schubert, and Lindenbaum 
(1) have previously published results indicating long term 
body retention of 0 1 * from water soluble and insoluble 
carbonutoa. Brues and Buchanan (4) have reported 
some interesting results on the over-all metabolism of 
carbon dioxide. 

The present experiments were designed to obtain quan¬ 
titative data on C u O a fixation, from which average body 
radiation could be calculated. Twelve mice were injected 
in tra peri ton sally with a solution containing 2.5 mg of 
NaHC^O* and a total activity of 18 pc. The expired 
CO* from all animals was collected over varying inter¬ 
vals, and two mice wore sacrificed for oTgan and tissue 
analysis at 24 hr, 48 hr, 1 week, 2 weeks, 4 weeks, and 
3 months. The <'M assays were carried out on pooled 
blood, spleen, liver, kidney, lung, brain, small intestine, 
muscle, skin and hair, and bone samples. The procedures 
used in collecting expired CO* and excreta, oxidizing 
samples, and counting have recently been reported (9). 
The percentage of the total activity retained at a given 
time was calculated by difference <100%- expired and 
excreted C^) for the first 24 hr; the activity retained 
after longer periods was calculated directly from organ, 

1 This work was carried out for the Atomic Energy Com- 
Mission under a contract with the Office of Naval Research; 
Certain data reported herein were obtained in experiments 
carried oat under s grant from the American Cancer ftbdety 
on mommendation ■/ of■ the Committee on Growth, National 
ItMwareh Council, : ;'y 



* 0.000 100, OOP MISUTC5 

Fia 1. Carbon 14 retention by mice Injected with 


NaHC ,4 0*. 

tissue, and fluid weights, and specific activities. These 
results are presented in Fig. 1. If the amount of Ch in 
tho body and the average energy of radiation are known, 
it is simple to convert such data to roentgen equivalent, 
physical* (the basis for radiation tolerance calculations). 
With the assumption of even distribution, such oaleula- 
tions have been performed with regard to total body 
radiation and are presented in Table 1. To date we have 

TABLE 1 

Boot Radiation of Mie« Injrcted with NaHC 14 Oi (18 pr) 


Body C 1 * content 
(integrated) 


Body radiation 


Period 

ac 

% of in 
Jectwl dose 

Total rep 
period 

Average 
dally rep 
period 

o-oo min 

4.3 

28.6 

0.0280 


1-2 hr 

1.12 

6.2 

0.0058 


2-4 

1.00 

8.6 

0.0104 


4—<1 

0.92 

8.12 

0.0090 


0-12 

0.86 

4.77 

0.0206 


12--24 

0.54 

2.93* 

0.0333 


0-24 

0.87 

4.80 

0.110 

0.1101 

24-48 

0.21 

1-15. 

0.083 

0.027 

1-7 days 

0.18 

1.00 

0.1328 

0.022 

7-14 

0.07 

0.41 

0.0636 

0.009 

2-4 weeks 

0.08 

0.16 

0.0496 

0.004 

4-12 

0.02 

0.13 

0.1613 

0.003 


♦ This value Is an average of the 12-hr C u level obtained 
by difference (100% — % expired) and the 1.37% found in 
the tissues at 24 hr. 

Note i Tolerance doe* limit for a 24-hr exposure as set by 
CUnton Laboratories • 0.1 rep. 


observed no outstanding selective accumulation of O 14 
from a gross anatomical standpoints It was observed 
that the rate of uptake and loss Of O u by the jejunum 
(a rapidly proliferating tissue) was significantly greater 

•One rep or roentgen equivalent physical *93 args/g of 
tissue. This aMe Is considered to produce W knjswn ejects 
on man when exposed indefinitely. Fsctor of safety is pi*bb- 
ably nomara than 2 or » <d)v 

»#e detailed 'results of thert expertments, along wlth ccr- 
tain cakfilathms aa to ^ k&ribg to da with car- 
bon miwover/aia ^ 
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than for other tissues studied. It is obviously necessary 
to carry this search for specificity into the finer structures 
of cells, organs, and bone. 

When the difference in weight of a man and a mouse 
is taken into consideration, it is apparent from Table 1 
that the average over-all body radiation from bicarbonate 
VA* is apt to be lower than the tolerance level of 0.1 rep 
per day for man unless high doses are administered (of 
the order of 5 me if a safety factor of 10 is assumed for 
species variation in the biological half-life of bicarbonate 
C**). It is of course important to study the long term 
retention of C u from insoluble carbonates and organic 
molecules which enter the metabolic pathways before be¬ 
ing degraded to carbon dioxide, prior to any final conclu¬ 
sions regarding hazard from 0i*. 

Experiments designed to indicate the effects of low 
doses of NaHC 14 Oi, on the pattern of leukemia in a 
highly susceptible strain of mice are now under way in 
this laboratory. 

This report should not be construed to suggest at our 
present state of knowledge an increase in Hrues } (*f) 
tentative maximum retained dose for man of 30 pc of (■* l . 

References 

1. ARMSTKONO, W. !)., HOHUMKT, J,, and f.INIUCXHAl’M, A. 

J*ror, tinti. Pit ft. Riot. 1948 , 68 , 283 . 

2 . Bloom, YV„ IYutib, H. II., and McLkan, E. O. Rcintrr. 

1947, 106. 45. 

3. Banos, A. M. Mttchem. J., 1048, 48, xxU. 

4. Bmn&H, A. M. and Buchanan, l\ L. Presented at 1048 

Cold Spring Harbor Symposium, 

5. Mokuan, K. 55. J. Ph#*. Colloid Churn., 1947, 61. 984. 

6. Skiim'KU, H. E. rt al. J. blol. Chrm., 1948, 173, 371. 

Action of the Venom of Bothrops 
Atrox on Fibrinogen 

B. Janizky 

lnttituto Phf&rtroM, Sao Paulo y Brasil 

It has been shown by Eaki and Momuiaerts (d) that 
the conversion of fibrinogen to fibrin takes place in two 
stages: first, thrombin brings about some change in the 
fibrinogen molecules, which then polymerize* to a clot. 
These authors have also shown that a solution contain¬ 
ing phosphate buffer, pH JU, fibrinogen and thrombin, 
does not coagulate. Clotting occurs only after neutraliza¬ 
tion of the system with secondary phosphate buffer. 
The longer the thrombin and fibrinogen are incubated at 
the acid pH, the shorter the clotting time becomes. This 
shows that a primary reaction takes place even at pH 
5.1, and the polymerization of the primary product, the 
profibrin, into fibrin takes place only at a higher pH. 

The thrombin-like clotting nation on blood and fibrino- 
gen of the venom of Bothrops atrox (t) has been com¬ 
pared with thrombin 'under the same experimental con¬ 
ditions as described by Laki and Mommaerts. In these 
thefib^egen aolntioh vtas prepared accord¬ 
ing -to the ^ (9). As-'clotting -.agents^ 

thrombin of Harke and Bavis Company, a saline Bothrops 

of ti IfyOO0,anda venom • 


solution precipitated three times with acetone and heated 
at 50° 0 for 20 min, wore used. 

To aliquots of fibrinogen solution brought to pH 5 
with phosphate buffer there was added thromtgm, or the 
venom, or the acetone-precipitated venom solution. After 
various incubation times a part of the reaction mixtures 
was removed and neutralized with secondary phosphate 
to pH 7, and the clotting time was measured. 

Fig. 1 illustrates the coagulation curves obtained bv 
the three different solutions. It can bo scon that venom 
transforms fibrinogen into proftbrin faster than thrombin, 



p 10 SO SO 40 so so 

INCUBATION TIME IN MINUTES 


Flo, I. The effect of fmmlaiHon time on the clotting of 
renciitriilhecrl fibrinogen solution brought about by the action 
of thrombin, venom, ami nrerlpltntwi venom, 

but after a certain time the clotting time becomes longer 
and longer, and finally the neutralized fibrinogen-venoms 
buffer system does not clot at all. Addition of thrombin 
to such neutralised solutions does not bring about coagu¬ 
lation, but if fibrinogen is added, clotting takes place. 
This shows that the reversal of the venom curve is 
caused by the disappearance of reactive fibrinogen, pre¬ 
sumably due to flbrinolysin present in the venom. In 
the ease Of acetone-precipitated venom, the reaction is 
similarly fast, but the clotting time, having reached its 
lowest value, remains at this level. 

These experiments with acetone-precipitated and heated 
venom solutions show that precipitation and heating 
eliminates, or at least reduces, the fibrinolytic action of 
venom, and that the clotting action of venom is not only 
due to its proteolytic activity but to some thrombin-like 
enzyme. Further details of this work will appear else¬ 
where. ■ 

lUfersaoM / 

.1. ClAQUJ. B. j. esp, Med., 1987, 98, 619. * 

1 Laki, JE. &t#d, tn*t. mad. Ch*m. M 1943, 9, 27. 

8. &ak!, It and Mom#A nars, W. $7 H. M. tfetane, tsmd., 

1945, m, ob 4. --i- 




308 


SCIENCE 


September 23,1949, Vol. 110 


Comments and Communications 


Welding Thermocouples 

In a recent technical paper (Science, March 18, 1949, 
p. 281) James A. Riley presented “A Simple Method for 
Welding Thermocouple *. } * 

I should like to bring to your attention a description 
of a similar apparatus invented in Russia by a member 
of the “Vnidi , >} Engineer Velixoii, for making pyrome¬ 
ters to be used on engine pistons. The usual couples, 
consisting of copper, constantan, nickel, and nichrome, 
cannot be used fprjujeh purposes because of the h^gh in¬ 
cidence of breakage due to the low elasticity of these 
materials. 

The best couple for measurement of the temperatures 
of high speed Diesel engines (1500 rpm) has been found 



Fiu, 1, Vellxon appurutus for welding fine wires. 

to be annealed steel and constantan. However, welding 
of-the materials is difficult in-an ordinary voltaic arc as 
the steel oxidises. 

Essential features of the Russian apparatus are shown 
in Fig. 1, and a description of the process (DUsel* 
eutroyetmc, Nos. 4-6, 1932, p. 38) is as follows: 

“One of the poles of the source of current (D.€. is 
preferable) is connected through fuse h, knife-switch c, 
and resistance d, to the terminal e. The other pole is 
connected to a wire dipped into vessel / containing mer¬ 
cury j and oil g. To weld the couple, the ends of the ' 
wires are twisted into a knot h, the free end of one of 
the wires being connected to terminal c. The knot is 
then dipped into the mercury and rapidly withdrawn. 


For an instaut an arc is formed between the mercury and 
the v^re knot while the latter passes through the oil, 
and this arc welds the tips of the wires together. An ex¬ 
cellent joint is produced as the process takes place in a 
complete absence of air. Wire of diameter from 0.05 to 
2.0 mm. can l>e welded by this method. ’ * 

.fosiSFH T. Hogan 

Southern UeifUmal Research Laboratory , 

New Orleans, Louisiana 

latemgtional Polar Year of 1933-1933 

The Second International or Jubilee Polar Year of 
1932-1933 was sponsored -by tbe ^Intentatioitffl Meteor¬ 
ological Organization. That organization had ixlno spon 
sored the First International Polar Tear of 7882-1883, 
as the result of a suggestion made in 1875 by Lieutenant 
Karl Weyprecht of Austria. Weyprecht's premise that 
the scientific worth of polar expeditions would be im¬ 
measurably increased were they arranged to follow a 
uniform program to supply simultaneous physical data 
at many stations in high latitudes, was more than justi¬ 
fied by the 20 or more published volumes on the results 
during 1882-1883. 

Advances in all geophysical sciences since 1883, and 
especially since 1900, indicated that international pooling 
of resources in instruments, techniques, and methods 
would be most desirable for any program of polar expedi¬ 
tions, as for example, a second Polar Year of 1932-1933. 
The preparation of plans for the effort of 1932-1933 was 
placed by the International Meteorological Organization 
in the hands of a special International Polar Year Com¬ 
mission, under the presidency of the late Dr, D. la Cour, 
director of the Danish Meteorological Institute. Dr. La 
Oour instituted world-wide cooperation in the subject with 
the result that some 44 countries undertook to participate 
in the program. Twenty-two of these countries sent out 
special expeditions, several of which established now sta¬ 
tions outside thoir own borders. In spito of the world¬ 
wide economic depression .irnthu early 1949 V the neces¬ 
sary funds were found through governmental appropria¬ 
tions and liberal grants from scientific endowments. The 
polar network of stations wa* augmented by special pro¬ 
grams at existing. 4|»OJfi^icalr^ 3 dftservatorieB in Iowvt 
latitudes and thus the Second Polar Tear was in the 
tyuest sense world wide. 

The realisation and accomplishment of the program as 
an international project is a monument to the en¬ 
thusiasm arid indefatigability of La Oour and to the sup¬ 
port generously provided by the Danish Meteorological 
Institute. In spite of interruptions in investigations 
arising from World War II and the world's unrest in 
several years preceding that wn*j many valuable contribu¬ 
tions to polar geophysical knowledge have already been 
made. But there remains much material not yet folly 
compiled or discussed and many completed or partially 




September 23, 1942, Vul. MO 


SCIENCE 


309 


completed manuscripts awaiting publication. It would be 
peculiarly unfortunate if the potentialities for increased 
understanding of polar geophysics resulting from this 
great project, in which so many nations and men took 
selfless part at great cost, were not fully harvested. 

The International Meteorological Orgauization there¬ 
fore appointed in November, 1940 a special committee 
to consider and report upon steps to be taken to complete 
reductions, analyses, discussions, and publications of the 
results of the Second International Polar Year 1932- 
1933 within n definite time limit. Following the com¬ 
mittee’s report of recommendation]* in Washington, D. 
0., to the Directors V Conference of the Intemntionnl 
Meteorological Organization on October 8, 1947, the Tem¬ 
porary Commission on the Liquidation of tlm Polar Year 
1932-1933 of six members (J. A. Fleming [U. 8.], J. 
Kerftnen [Finland], H. Petersen jBennwirk], J. M, Stag# 
[Great Britain], IL U. Sverdrup [Norway], and A. 
Thomson fCanada]), was established. The responsibili¬ 
ties of this commission were defined ns follows: 

(1) Terminal date .—Terminal date for completion of 
all compilations, analyses, discussions, and final publi¬ 
cations was sot as December 31, 1950. 

(2) Duties of temporary commission .—The tempor¬ 
ary commission was authorized to (a) acquire services 
of scientific men as deemed desirable to effect completion 
of agenda on or before the terminal date, ( b ) approve 
expenditures of available funds or of funds made avail¬ 
able from any source for necessary services and costs 
of publications, (c) set up a suitable central bureau and 
repository of all records, materials, and publications of 
the Polar Year 1932-1933, and of funds, and (d) ap¬ 
point, with the approval of the director of the organiza¬ 
tion designated to house the central bureau, a part-time 
or fuJLtime paid executive officer whose duties and re¬ 
sponsibilities are to be set by the com mission. 

(3) Funds and property.— The commission is to (a) 
arrange for funds, other than those already available, 
and to disburse same and (h) have prepared a complete 
inventory of all instruments and property of the Polar 
Year Commission 1932-1933 showing (1) original pur¬ 
chases and (2) present distribution by gift or loan or 
in storage, as also to have authority to dispose of all 
in accordance with urgent needs of geophysical organi¬ 
sations for worthy projects contemplated. 

(4) Bibliography .—The commission is to have pre¬ 
pared a complete -bibliography of microfilms and publi¬ 
cations and their availability for distribution. 

(-6) Historical Investigators seeking ma¬ 

terial and results concerning the First International 
Polar Year 1852-1883 have been disappointed not to 
find anywhere a single-volume published summary of 
the activities and publications of that enterprise, despite 
the numeroiw valuable contributions which came directly 
from the.reanlu. It is of drat importance therefore- 
that the commission arrange for preparation, publica¬ 
tion, and wide distribution of a comprehensive, authori¬ 
tative historical summary of the Polar Year 1932-1933, 
and of suitable condensations thereof for publication in 
loading scientific journals. This summary should in¬ 
clude Hate of (a) official resolutions relating to tbc en¬ 


terprise by reference to published sources and by pub¬ 
lication of those so far not published, ( b ) complete 
lists of organizations taking part and their contribu¬ 
tions, and (c) complete lists of stations, personnel, equip¬ 
ment, and programs followed. 

(0) Classification for lUjuddation of agenda .—The liq¬ 
uidation of the agenda is to l>o accomplished under 
four general allocations, namely: (a) meteorology and 
allied -results; (h> geomagnetism, earth current#, atmos¬ 
pheric electricity and allied results; (c) auroral results; 
and (d) serological results. 

Early in 1948, with the approval of the Danish Minis¬ 
try, the central bureau was set up at the Danish Meteor¬ 
ological Institute, and I)r. V. Laursen of that institute 
was made executive officer under the immediate direc¬ 
tion of Director H. Petersen. Permission was also given 
for the part-time services of Messrs. J. Olsen-ami .1. 
Egedal of the institute's stuff to be available. 

Balance of funds available (some $7,000) was gener¬ 
ously supplemented by a fiual grant of $12,000 from the 
Rockefeller Foundation through its Board of Trustees, De¬ 
cember 2-3, 1947. Of these funds a considerable amount 
has already been budgeted for various items in the liq¬ 
uidation. As any unexpended balances on December 31, 
1950, must be reverted, it is urgently requested that 
all persons haring Polar Year reductions, analyses, mid 
manuscripts in mind will promptly communicate with 
tire executive officer of the Central Bureau, wt Copen¬ 
hagen with estimates of funds needed. Thera are now 
only some 15 months before the terminal data sot by 
the directives given the commission. 

The accomplishment of the program of the Second 
International Polar Year 1932-1933 was heroic. Jt 
would be a calamity and an injustice to those who gave 
so generously in funds, effort, and time not to see its 
work completed in respect to thorough compilation, an¬ 
alysis, discussion, and publication as a whole enterprise. 
The commission will be glad to hear from anyone who 
may already have published results (with full biblio¬ 
graphical particulars) or who may have some further 
research in mind, either partially completed or planned, 
based on data obtained during the Second International 
Polar Year. Any work to bo undertaken must be com¬ 
pleted and published by the terminal date sot—Decem¬ 
ber 34, 1950. 

The completion of what was in the largest sense n 
distinctly cooperative and international effort, must in 
sure general coordination of findings and their consid¬ 
eration in the Dro&'d&st aspects. It will provide almost 
unlimited sources of observed and reduced data for the 
benefit of scientific investigations for many years to 
come in which uniform and world-wide simultaneous 
material is needed. 

Temporary Coumhuuon on LiytibjmoN 
OP Polar Yrar 1939-83 
J. A. Fleming, President 
Carnegie Institution of Washington 
V. Laursen, Executive Officer, 
Danish Meteorological Institute, Copenhagen 
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Correction 

Professor A. N. Winchell, of the University of Virginia, 
lias called our attention to some inconsistencies in our 
paper * 4 Crystalline Salts of Dihydrostreptomycin # ’ (5n‘ 
erne, 1049, 100, 515). In the section describing the 
microscopic examination of crystalline dihydrostrepto- 
mycin sulfate, the following correction should be made: 
Lines 30 and 31 should read: <( 2V (calculated) 89°; 
extinction, parallel and/or oblique; carftftcfion angle 18 *** 
instead of “2V (calculated) -89*; extinction, parallel; 
extinction angle - 18 V* 

Frank J. Wolf, Eleanor T. Elmendorf 
Robert G. Den kk Walter, and Max Tisheer 
Merck and Company, Inc., 

Jtahway, New Jersey 


The Zoological Station of Naples 

The Zoological Htatiou survived the war without heavy 
damages. The laboratories and library lost some appara¬ 
tus and books, but the building wus not seriously dam¬ 
aged. The devotion of the personnel and the intelligent 
cooperation of allied military authorities are the main 
factors responsible for this fortunate circumstance. A 
short chronicle of what happened to the Naples Zoologi 
cal Station during the war and the years of military 
occupation has been published by the writer in the first 
issue of the Pvblioaziom della Staxione Zoologica di 
Napoli (1946, 20, pp. 75-86). 

Since that time, fortune and numerous friends through¬ 
out the world have assisted the director, Prof. R. Dohrn, 
iind his staff in their task of completely rehabilitating the 
old institute. Three reports have been published tm the 
activity of the station (Pubbl. Bias. ZooL, 1946, 20, pp. 
87-89, covering the years 1943-45; 1047, 21, No. 2, pp. 
I-VTI; and 1949, 21, No. 3, pp. I-VI). During the years 
1943-46 only 11 scientists worked at the station besides 
the staff. In 1947 there were 57; in 1948, 33 Italians 
and 28 foreigners, a total of 01* Foreigners (1947-48) 
are distributed as follows; England, 14; Switzerland, 12; 
Sweden, 6; Holland, 4; 4; Belgium, France, 

Spain, 2 each; Chile, China, Denmark, Germany, Greece, 
India/ Hungary, Turkey, 1 each. 

The work done by the various scientists covers a wide 
Held, including ecology and systematica, parasitology, de¬ 
scriptive and experimental histology, cytology, descriptive 
and experimental embryology, chemical embryology, bio¬ 
chemistry, chemistry and biology of fertilization, physi¬ 
ology of the nervous system, sex problems, Invertebrate 
endocrinology, radioactive isotopes, etc. Some labora¬ 
tories, e.g, the Wetmer-Grcns Institut Stockholm (di¬ 
rector, Prof. John Runnstrdm) have sent to Naples an 
entire research staff to work on speciffc problems and to 
collect material to bo studied at home. 

The equipment of the station has improved consider¬ 
ably, hut extremely specialized and expensive items such 
as ultracentrifoge, ThmHas ^eetTophoresis, nr Caspers- 
*m> U*Y< , lacking. Such apparatus as 


constant low temperature rooms, freeze-drying apparatus, 
ultrathennoatafcs, photoelectric colorimeter, Geiger coun¬ 
ter for radioactive isotopes, Beckman spectrophotometer, 
cathodic rays oscillograph, and phase contrast microscope 
have been secured. 

The library is* also in Very good shape. The gaps in 
the files o/ journals have been almost entirely filled, and 
subsections are running regularly. This is most im¬ 
portant, since so many biological laboratories in Europe 
have been destroyed. The collection of reprints is also 
increasing greatly. All biologists are urged to send their 
reprint* regularly to the Library of thp Zoological Sta¬ 
tion, The papers will become known to a wide circle of 
scientists. Many students are attracted not only by its 
laboratories and working possibilities, but also by its 
library. 

It would be impossible to mention here all the people 
and organizations who-have helped and Are still helping 
the institution towards its rehabilitation. The coopera¬ 
tion of these friends from all over the world has been 
the directorial staff’s greatest reward. 

G. Montamcnti 

Institute di Gcnetica, 

Della University, Naples, Italy 

Oxidation vs. Reduction of an a- Amino Acid 

In a recent paper in Science (1949, 109, 547) Bchon- 
herg and Moubasher proposed to connect the bacterio¬ 
static or spermatocidal actions of substances related to 
Iwnzil, of quinonea, of triphenylcarbinol, etc. to their 
abilities to il reduce*' a-amino acids. As illustrative of 
this process of “reduction’' of an a-amino arid, those 
authors gave the equation, 

H 

< * (C<,Hp),OOH + R—0—COOH -► 

NH S 

(OH,) # CH + ECHO + NH a + CO,. ’ ’ 

In order to prevent further confusion in the chemical 
literature, I should like to point out that this process 
represents the oxidation (and not the reduction) of an 
a-amino acid. This conclusion is immediately apparent 
tf (a) one observes that the triphenylcarbinol provides 
oxygen to the amino acid and is thereby itself reduced to 
triphecylraethane or (b) one compares the amino acid 
with its degradation products via the formal represen¬ 
tation, 

H +H<0 H -CO, 

R—O—COOH ——-a B—C—OOOH . 

, NH # -NH, OH 

■ -EH 

vRCHaOH —-—► ECHO 
in which one of the steps is seen to involve dehydrogena¬ 
tion, i.e., oxidation* It is, moreover, difficult to visualize 
how behxila or quinones could readily function as redue- 
ing agents rather than oxidising agents* 

. .. '■ ,, . V loom % Kjjbmm 

DcpeMmmt ofChcmtitry* ■.;,,,/■/■/■ 

. Indiana University \ 
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Book Reviews 


Traltd de ZcologU: Anatomic } Systdmatique, Biologic: 

ichinodermet, Stomocouttt, Procorde i. (Tome XI.) 

Pierre-P. Grass6. (Ed.) P. Brian, M. Caullery, L. 

Cannot, A. Daleq, C. Dawydoff, P. Drach, II. Harant, 

and G. Water lot. (Contribs.) Paris (VI): Masson et 

(He., 1948. Pp. 1077. (Illustrated.) 3800 fr. 

There is always a need, in every branch of science, for 
up-to-date, authoritative, and comprehensive summaries 
of knowledge. Tu the field of descriptive zoology the 
wealth of new information that, was amassed at the turn 
of the century made the task of compiling such treatises 
a difficult one, because they frequently became out¬ 
dated before they were finished. In recent years, since 
the majority of zoologists have turned their attention 
towards experimental studies, the time has been better 
suited to the preparation of such works, which may now 
be written with reasonable assurance that they will re¬ 
main useful for many years before extensive revision be 
comes necessary. 

The publication of Miss Hyman’s The invertebrate*: 
protozoa through etenophora in 1940 was an event of im¬ 
portance. It was the first attempt in the English lan¬ 
guage to summarize the existing knowledge of the inver¬ 
tebrates since the unfinished work of Lankester some 
forty years before. The publication under review is of 
similar importance, and serves to replace and extend Buch 
works as Deluge and Herouard’s Trait/ tie toologie con¬ 
crete (1896—1903). 

Tome XT is the first of a total of seventeen volumes 
planned for the series, which will cover the entire animal 
kingdom. The eight contributors are well chosen for the 
sections assigned to them and are known for their original 
contributions to the groups of animals concerned. The 
entire work is to be shared among u distinguished body 
of about eighty authors. 

Illustrations are adequate in number and in clarity, 
being, for the most part, original or redrawn from orig¬ 
inal sources. In spite of the difficulties inherent in this 
type of collaboration, the editor is to be congratulated 
upon the consistency of style, ami the authors upon the 
clarity of language. It is a pity that the arrangement 
of material within each phylum varies aoiaewhat with 
the different authors. The use of the word Stomocord/s 
in place of BAmieordfc is an example of several innova¬ 
tions that may not receive universal approval, but these 
minor criticisms are far outweighed by the general ex¬ 
cellence of the book. 

Further volumes due to appear In 1949 are Tome VI 
(Ouycitopfcorea, Tardigrade*, Arthropods*: g4n4raUt4B, 
THlobitomorphes, Ghdlta6rates), Tomes IX and X {lu¬ 
shes) and Tome XII (Vertdbrtot gfolralitta). These 
and further volumes will be awaited with interest. 

F, <L Walton BSfrra 
of Mitmi v. 


Aviation medicine in iti preventive aspects: an historical 

survey . John F. Fulton, London-New York: Oxford 

Univ. Press, 1948. Pp. viii +174. (Illustrated.) $3,50. 

A series of lectures delivered by the author at the 
Loudon School of Hygiene and Tropical Medicine in 
1947 provide the substance of this book. Dr. Fulton’s 
long and intimate association with the field and his broad 
experience arc reflected in the informative and authori¬ 
tative contents. His scholarly style appeals alike to the 
initiate and to the layman. 

The title is hardly specific. For aviation medicine has 
been, all along, a thoroughly practical branch of applied 
medicine and physiology and, as such, has always stressed 
the preventive aspects. The subtitle is more indicative of 
the subject matter. It is the author’s labors in tracing 
the beginnings of aviation medicine back to Hopke, Boyle, 
Priestley, Lavoisier, Bert, and others of the I7tli, 18th, 
and 19th centuries and even farther back, with accounts 
of early animal experiments and observations on humans 
in mountain climbing and balloon ascents, that will make 
the book particularly interesting and valuable to workers 
in the field. 

The first three chapters are devoted to effects of ab¬ 
normal barometric pressure—the first to anoxia, the sec¬ 
ond to effects of reduced pressure per se (bends, chokes), 
and the third to very rapid reductions of pressure (ex¬ 
plosive decompression). The first two subjects are devel¬ 
oped historically; the third was evidently Wot considered 
by early investigators. The rich opportunity for discus¬ 
sing preventive aspects, particularly in the first chapter, 
are not exploited, no mention being made, for example, 
of the long series of basic respiratory studies conducted 
in the U. 8. Air Force laboratories that resulted in suc¬ 
cessful preventive techniques for altitudes to 40,000 feet 
and above, There is also no mention, except in the refer¬ 
ences, of the explosive decompression studies of Major 
H. M. Sweeney, whose name will always be associated 
prominently with this subject by his co-workers. 

Tim fourth chapter gives a good, brief account of the 
physiological effect of acceleration, The important case 
of acceleration, too brief to produce displacement of blood 
(as in ejection seats, etc.), is not discussed. It is grati¬ 
fying to not© that the studies of RAF Wing Commander 
W. K. Stewart, which preceded all the IT, 8. centrifuge 
experiments, are given full recognition. 

The fifth and final chapter is devoted to problems of 
crash injury. 

In a dissertation which manage* to have it* say in a 
modest 170 pages, some omissions aro unavoidable. By 
no means all of the important omissions, however, are 
alluded to in the preface, so that the uninitiated reader 
may receive a less than well-balanced impression of the 
subject. Of the three broadelawical fields of investiga¬ 
tion in aviation medicine—<txtremes of temperature, law 
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barometric pressure, and acceleration—the first is not 
even mentioned, in spite of the fact that it has always 
been a major concern of aviation physiologists. Night 
vision, pilot training, and sanitation are mentioned in the 
preface as important omitted topics. To this list might 
have been added: numerous other vision problems, human 
sizing problems in the design of aircraft, controls, and 
clothing, medical problems caused by noise and vibrations, 
and the whole broad field of the psychology of flight. 

There are few errors for a first edition. On page til, 
there is an obvious coufusiou of absolute and gauge pres¬ 
sures, and on page 123, centripetal and centrifugal forces 
are respectively correlated, erroneously, with footwnrd 
and headward forces. On page 124, the starting ac¬ 
celeration of the German V-2 rocket is given as 20 to 
40 G, Actually, the acceleration is maximum when the 
fuel is nearly exhausted and does not exceed 8 Q. 

Carefully selected references add to the value of the 
book, but even here certain omissions are obvious. There 
is, for example, not one reference, on the subject of 
acceleration, to the important work of the Aero Medical 
Laboratory group. 

With due regard for the fact that, as the author points 
out in the preface, the book is an account mainly of his 
own fields of interest and experience, it may be highly 
recommended to aeromedical specialists because of its 
historical perspective, and to the layman as an authorita¬ 
tive and easily read introduction to certain parts of the 
subject. 

Victor Guillemin, Jb. 

Aeromedical and Physical Environment Laboratory 
University of Illinois 

Syphilis: its courts and management. Evan W. Thomas. 

New York; Macmillan, 1949. Pp. xix + 317. (Illus¬ 
trated.) $5.50. 

In both theory and application, the treatment of 
syphilis lias undergone revolutionary change in the past 
fifteen years, leaving the subject in great need of ade¬ 
quate summarization—a service that is well done in this 
book by Thomas, who is eminently qualified by virtue of 
sustained interest and exceptional clinical experience in 
syphilis. In a field where few fixed judgments are yet 
justified, Thomas has freely expressed personal opinions, 
distinguishing clearly * between those based on" demon : 
atrable facts and those derived from clinical impressions. 
While therapy is emphasized, the author also discusses 
the diseased course >*ad clinical features, deafly but 
briefly—^especially in the cose of cutaneous and mucosal 
changes, where he merely points out the adequacy of 
previous descriptions and the obvious change in type of 
clinical material seen today in contrast with a few years 
ago. In spite of its brevity, the book should be adequate 
for the nonphyskdan interested in syphilis and for the 
medical student who has opportunity to learn from ob¬ 
servation of clinical material. It will be particularly 
helpful to general pmcUtioners, and to specialists in* 
training or in practise in the many communities where 
tt» incidence of syphilis has decreased so much that it is 
dURcult tp arrive „ ft. definite conclusions regarding the 


newer therapeutic modalities, A chapter by Theo. J. 
Bauer reviews the public health aspects of syphilis. 

All phases of syphilis are given consideration, but 
there is particular value in the discussion of interpreting 
serologic reactions, with emphasis on quantitative studies, 
aud of neurosyphilis, with emphasis on the Dattner- 
Tliomas concept and the need for repeated examinations 
of tlit spinal fluid. With reference to therapy, there is 
almost complete dependence on penicillin and the author 
attempts to provide the best available schedules for vari¬ 
ous clinical and serologic stages of the disease. 

Minor criticism might be directed toward the too-brief 
discussion of the treatment of persons having what are 
presumably infectious contacts and of congenitally syphi¬ 
litic women who are pregnant. The relation and asso¬ 
ciation of cancer and syphilis arc also treated too brioflv, 
and the use of the term * * syphilitic virus ’ f is question¬ 
able. In view of l>r* Thomas 1 attempt at brevity, the 
space given to reports of individual patients seems un¬ 
warranted. The number of radiographic reproductions is 
greater than is justified by their inferior quality. 

Francis W. Lynch 

University of Minnesota 

Physics: principles and applications. Henry Marge lieu, 
William W. Watson, and Carol G. Montgomery. New 
York: McGraw-Hill, 1949. Pp. x + 760. (Illustrated.) 
$5.00. 

This book bus been written to serve as a textbook in a 
general physics course for sophomore engineering students 
and natural science majors. A rigorous treatmont is 
presented, with the aim of giving tho student a sound 
basic knowledge of physics that will lie adequate for 
further .work in pure or applied physics. The authors 
assume that the student has a good working knowledge 
of algebra, trigonometry, and analytic geometry and some 
idea of the principles of calculus and that he is carrying 
on further study of calculus concurrently with the physics 
course. 

The rigorous, mature, and stimulating approach to gen¬ 
eral physics encountered in this text makes it highly 
suitable for student groups having, adequate mathemati¬ 
cal preparation and a professional interest in physics. 
The text is extensive; the authors estimate that they 
have included enqugh material for a three-semester course 
of four or five credit hours per semester. To assist the 
instructor in choosing material for the usual two-semester 
course of four or flve credit hours per semester, certain 
sections Are started, to indicate that they may be omitted 
without interrupting the logical development of the tub- 
*ject or omitting concepts necessary for understanding 
later sections. 

Each chapter contains solutions of well-chosen illustra¬ 
tive examples and is followed by a group of problems 
for the student to solve. Very few problems can be 
solved by * ‘ substitution in formula ’'; they demand an 
understanding of principles and many problems are suffi¬ 
ciently difficult to demand effort from good students* 

The tegfc material to organized intesectAoua on me¬ 
chanics, heat, electricity, sound and light* and modern 
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physics. All frequently used systems of units are Intro¬ 
duced with careful explanations, in the hope that the stu¬ 
dent will be able to work with British and metric gravi¬ 
tational units and British; cgs, and inks absolute units. 

Vivian A. Johnson 

Purdue University 

Historical geology, Carl O. Dunbar. New York; John 

Wiley; London: Chapman & Hall, 1949. Pp. xii + 567. 

(Illustrated.) $5.00. 

This book is the successor to the authoritative and suc¬ 
cessful Historical geology , first published by Charles 
Schuchert in 1915, revised by Schuchert in 1924, and 
authored jointly by Schuchert and Dunbar in 1933 and 
1941. Each edition has been considered the authoritative 
text on the stratigraphy and paleontology of North 
America, and was preeminent in the paleogeography of 
North America, in whieh subject Charles Schuchert was 
the world’s foremost authority for over thirty years. 
Invaluable as the paleogeographic maps were, it is rather 
odd that their importance in size and precision declined 
through the four editions. 

Dunbar’s Historical geology follows the plan, the sub¬ 
stance, and most of the illustrations of the previon* 


Scientific Book Register 

A ndk&son, Edgar. Introgrtssive hybridisation. (Wiley 
Biological Research Series.) New York: John Wiley, 
1949. Pp. ix + 100. (Illustrated.) $3.00. 

Baohofen-Echt, Adolf. Her Bernstein und seine ff<«- 
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NEWS 
and Notes 

Otto Warburg, for the past six 
months Special Research Fellow of 
the National Cancer Institute, re¬ 
turned to Berlin-Dahlen, Germany on 
September 8 to continue his director¬ 
ship of the Kaiser Wilhelm Institute 
for Cell Physiology, established in 

1931. 

Charles Fore Wilkinson, Jr., as¬ 
sociate director of the Division of 
Medicine of the Kellogg Foundation 
and assistant professor of medicine 
at the University of Michigan Medi¬ 
cal School, has boon appointed pro¬ 
fessor and chairman of the Depart¬ 
ment of Medicine of the Postgradu¬ 
ate Medical School, Now York IJni- 
versity-Bellevue Medical Center. 

George A. Lundberg, head of the 
Department of Sociology at the Uni¬ 
versity of Washington, is giving a 
series of lectures at the University 
of Stockholm during September and 
October. Dr. Lundberg’s visit was 
arranged in cooperation with the 
Swedish Government Social Research 
Council. Upon completion of the 
series, he will lecture at the Univer¬ 
sity of Oslo. 

Perihan Cambel, formerly pathol¬ 
ogist at the Gureba Hospital, Istan¬ 
bul, and the Hygiene Institute, An¬ 
kara, has resigned his post at the 
Division of Cancer Research, Wash¬ 
ington University, to become a spe¬ 
cial fellow and research associate 
professor at the Cancer Research 
Laboratory, University of Florida. 

Max Astrachan, chairman of the 
Department of Mathematics, Antioch 
College, has been appointed profes¬ 
sor and head of the Department of 
Statistics, U. S. Air Force Institute 
of Technology, Wright-Fatterson Air 
Force Base, Dayton, Dr. Astrachan 
is on leave of absence from Antioch 
during 1949-50/ 

Hans Wains, physician and spe¬ 
cialist in rheumatic diseases, has been 
appointed medical director of the 
Nw Elngland Chapter of the Arthri¬ 


tis and Rheumatism Foundation, 
Boston. Dr. Wains will direct the 
foundation's activities in Massachu¬ 
setts, Maine, New Hampshire, and 
Vermont. 

Donald B. McMullen, associate 
professor of preventive medicine and 
public health, Uni versify’ pf Okla¬ 
homa Medical School, has returned 
after 26 months' leave of absence. 
Dr. McMullen has been working on 
the epidemiology and control -of 
schistosomiasis japonica in Tokyo, 
where he has been senior parasitolo¬ 
gist with tho 406th • Medical General 
Laboratory. 

Edwin St. Clair Gantz, associate 
professor of chemistry, Purdue Uni¬ 
versity, has accepted a position as 
head of the Analytical Branch of 
the Chemistry Division, Research De¬ 
partment, at the Naval Ordnance 
Test Station, Inyokern, California. 

Wendell W. Moyer, director of 
research at the Crown Zollerboch 
Corporation, Camas, Washington, has 
been placed in charge of tho entire 
research and development activities 
of the company. W. M. Hearon has 
been appointed assistant director of 
research. 

Edward Abrams, head of the 
Biology Division of the Institute of 
Textile Technology, Charlottesville, 
Virginia, and former head of the 
Microbiological and Microscopy Lab¬ 
oratories at the National Bureau of 
Standards, has established a new or¬ 
ganisation, Laboratories Research, 
at Mamaroneck, New York. Dr. 
Abrams will act as a consultant in 
the prevention of microbiological 
deterioration of organic and fibrous 
materials, stream pollution abate¬ 
ment, and general problems in bac¬ 
teriology and biochemistry, 

George W. Hartmann, Columbia 
University psychologist, has been ap¬ 
pointed professor*of psychology at 
Roosevelt College. Dr. Hartmann is 
the author of Educational psychology 
and Gestalt psychology, 

Mr, and lira. Edward C. Ruat- 
igan are the parents of a baby girl, 
born September 17, 1949, Sirs; Rust- 
igan is the former Mildred Atwood, 
who resigned as executive editor of 
Science in 1948. 


Visitors to U. S» 

* 

Visitors at the National Bureau of 
Standards during the week of Sep¬ 
tember 5 included Matti U. Alhop- 
uro, metallurgical engineer, Auto- 
kumpu Copper Mines, Inc., Kumpu, 
Finland; Pierre Chavance, engineer 
with the Centre National d'Etudes et 
ties Telecommunications, Neuilly, 
France; Jean Combrisson, engineer 
with Ecole de Physique et Chlmie, * 
Paris; Jacques I Dedieu, research 
metallurgist with ISeOlo Centrale dos 
Arts et Manufactures, Paris; G. M. 
Gad, Ceramics Division, Ministry of 
Industries, Egypt; Paavo J. Ka- 
janne, research assistant, Finnish In¬ 
stitute of Technology, Department of 
Chemistry; Delia H. Simpson, pro¬ 
fessor of physics, Cambridge Univer- 
sity; Jacob Sklarewitz, research 
worker, Hebrew Technical College. 
Haifa, Israel; Adolf G. Smekal, 
professor, Technical University at 
Darmstadt and member of German 
Society of Glass Technology*; Albert 
Sundren, director of the Peat and 
Oil Research Laboratory of the State 
Institute for Technical Research, 
Helsinki; and M. D. Waldhorn, re 
search worker with the Weismann 
Institute of Scionce, Rehovot, Israel. 

F. C. William, consultant with the 
Manchester University, England, de¬ 
livered a series of lectures on the 
cathode ray memory tube at the Na¬ 
tional Bureau of Standards Institute 
of Numerical Analysis at Los An¬ 
geles during the week of September 

ia. 

Grants and Awards 

The National Heart Institute has 
allocated $485,000 for heart research 
at New York University-Bellevue 
Medical Center. The fund will be 
devoted to the construction of labora¬ 
tories and equipment for the center's 
Institute of Cardiovaseular-Benal 
Disease. The institute's research 
program'will be coordinated by the 
center's Scientific Committee on 
Cardiovaseular-Benal Disease under 
the chairmanship of Homer W. 
Smith, physiologist. 

The Hewnrd N. Potts Medal* of 
the Franklin Institute will be pre¬ 
sented <m October I# to John W. 
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Mauchly, physicist, and J. Prosper 
Eckert, Jr., electronic engineer, for 
their work in the design and con¬ 
struction of the digital electronic 
computing machine, ENIAC. The 
design for EDVAC, the electronic 
computer developed by the Univer¬ 
sity of Pennsylvania, was also sug¬ 
gested by the two scientists. 

Fellowships 

The National Research Council 

of Canada will offer 31 postdoctorate 
fellowships for the year 1950-51, 18 
of which will be awarded in chemis¬ 
try, 3 in atomic energy research, 
and 10 in physics. The stipend of 
42,820 per annum is supplemented by 
travel grants for successful candi¬ 
dates from abroad. While appoint¬ 
ments in the atomic energy project 
are restricted to Canadian citizens 
and British subjects, applicants of 
all nationalities are welcome in the 
chemistry and physics divisions. Ap¬ 
plication forms and further infor¬ 
mation may be obtained from The 
Secretary, Laboratories Awards Com¬ 
mittee, National Research Council, 
Ottawa. Applications should bo re¬ 
ceived not Inter than February 15, 
1950.. 

The School of Mathematics of 
the Institute for Advanced Study 
will allocate a small number of sti¬ 
pends to mathematicians and mathe¬ 
matical physicists for study and re¬ 
search at Princeton during the aca¬ 
demic year 1950-51. Candidates 
must show ability in research com¬ 
parable with that expected for the 
Ph.D. degree. Application blanks 
may be obtained from the School of 
Mathematics, Institute for Advanced 
Study, Princeton, N. J., and are re¬ 
turnable by February l t 1950. 

Colleges and Universities 

Wayne University has received 
a grant of one million dollars from 
the Kresge Foundation to erect the 
Kreege Science Library which will 
house tfr* university *« Kresge-Hooker 
scientific collection, one of the most 
comprehensive chemical libraries in 
Idie world, as well as other seieaoe 
books and periodicals. There will be 
Ctank space for 50,000 science vol* 
amas and 990 science periodicals and 
future accessions; seminar rooms, a 
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lecture hall, and a complete micro¬ 
film laboratory. It is expected that 
the library will be completed in 1951. 

The Chemistry Department of 
the University of Notre Dame has 
announced its Nieuwland and Peter 

C. Reilly Lectures in Chemistry for 
the coming academic year. Eric K. 
Rideal, director of the Davy Faraday 
Research Laboratory, the Royal In¬ 
stitution, London, as Nieuwland lec¬ 
turer, will talk on * 1 Some Aspects of 
Surface Action,** giving two lectures 
on liquid monolayers October 11 and 
two on 'solids October 13. 

Lecturers for the Peter C. Reilly 
series are: Richard A. Ogg, Jr., of 
Stanford University, on leave as 
visiting lecturer at Harvard, who will 
talk on an unannounced topic during 
the week of October 31; Frederick 

D, Rossini, chief, Section on Thermo¬ 
chemistry and Hydrocarbons, Na¬ 
tional Bureau of Standards, who will 
deliver six lectures on “ Chemical 
Thermodynamics and Purification of 
Hydrocarbons* * during the two weeks 
beginning November 28; and V. Pre- 
log, of the Eidge. Technische Hoch- 
schule, Zurich, who will visit the uni¬ 
versity for seven weeks beginning 
February 12, 1950, to discuss work in 
progress in his laboratories on “Ring 
Formation and Ring Properties/* 
and various natural products. 

The newly established New 
South Wales University of Tech¬ 
nology, Sydney, Australia, is now 
offering undergraduate degrees in 
civil, electrical, mechanical, and min¬ 
ing engineering, applied chemistry, 
and chemical engineering, and gradu¬ 
ate work in electronic engineering. 
Further degree courses will be estab¬ 
lished in 1950. The first university 
building is now being erected at Ken¬ 
sington, The following appoint¬ 
ments to foundation chairs have al¬ 
ready been made; chemical engi¬ 
neering, J. P. Baxter; mining engi¬ 
neering, D, W. Phillips; electrical 
engineering, H, J. Brown; architec¬ 
ture, F. E. Towndrow, and applied 
chemistry, A. £. Alexander. 

Meetings and Elections 

Th« American P«ycholo*icml A*- 
•delation held Its 1949 meeting in 
Denver, Colorado September fi-rlO. 
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Morning and afternoon sessions were 
mainly devoted to research papers 
and symposia. These demonstrated 
the wide variety of research interests 
of psychologists, since they ranged 
in title over such topics as * ‘ Brain 
Functions/* “Personality and Psy¬ 
chotherapy/* and “Methodology in 
Social Psychology.** The increased 
demand for psychologists and the 
necessity for training greater num¬ 
bers of students to the Ph.D. level 
resulted also in many programs on 
the professional aspects of psychol¬ 
ogy. 

Ernest R. Hilgard, of Stanford 
University, gave his presidential ad¬ 
dress on * * Human Motives and the 
Concept of the Self. * * He suggested 
that psychologists begin formal re¬ 
search on the problems of personality 
and that one method of attaining 
this goal would be the establishment 
of * * psychodynamic laboratories. * * 
There has been a lack of systematic 
treatment of psychodynamic prob¬ 
lems, he stated, and “when there is 
no effort to be systematic, problems 
are not sharply defined. * * 

Other evening addresses were de 
livered by Douglas McGregor, presi¬ 
dent of Antioch College, on * * Labor- 
Management Relations; A Challenge 
to the Social Scientist/* and Wil¬ 
liam Menninger, past president of 
the American Psychiatric Assoeia 
tion, on ‘ ( Relations between Psy¬ 
chiatry and Clinical Psychology, ** 

An innovation in the 1949 program 
was an evening free of formal ses¬ 
sions. About half of the 1,850 regis¬ 
trants took advantage of the oppor¬ 
tunity to attend a buffalo barbecue 
at the Red Rocks Theater, in the 
Rockies a few miles west of Denver, 
during this time. 

An award offered by an anony¬ 
mous donor for the best papeT pub¬ 
lished during 1948 in one of the as¬ 
sociation *s journals was presented to 
L. L. Thurstone of the University of 
Chicago, for his paper in the Ameri¬ 
can Psychologist entitled “Psycho¬ 
logical Implications of Factor Analy¬ 
sis.*’ Honorable mentions were 
given four papers by Thales Martins 
and J. R. Valle, Neal E. Miller, Ed¬ 
ward C. Toknan, and Herman A. 
Witkin and Solomon E. Asch. 

The annual, Edward L, Beraay* 
award was presented by Mr. Barneys 
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to the Commission ou Community 
Interrelations of the American Jew* 
lah Congress for their studies on 
bigotry. The award was accepted 
for the commission by Stuart W. 
Cook, director of research, and Al¬ 
fred Marrow, chairman of the Re¬ 
search Board. 

J. P. Guilford, of the University 
of California, is the new president of 
the American Psychological Associa¬ 
tion. Robert R. Sears, of Harvard 
University, was elected president¬ 
elect, and Dorothy Adkins, of the 
University of North Carolina, record¬ 
ing secretary. New members of the 
Board of Directors are John G. Dar- 
ley, University* of Minnesota; J. 
McV. Hunt, Institute of Welfare Re¬ 
search, Community Service Society 
of New York; and E. Lowell Kelly, 
University of Michigan, At the an¬ 
nual business meeting, the 1961 and 
1962 meetings were scheduled for 
Chicago and Washington, D. C. re¬ 
spectively. Next year's meeting will 
be held on the campus of Pennsyl¬ 
vania State College September 3-D. 

Dam/ L. Wolple 

It may truly be said that the sci¬ 
ence of biochemistry came of age 
when the First International Con. 
great of Biochemistry mot August 
19-25 in Cambridge, England. 

A year or two ago the Biochemical 
Society of England queried leading 
biochemists to obtain their reactions 
to the proposal to hold such a con¬ 
gress, and on the basis of response 
they decided to hold the congress in 
Cambridge under the presidency of 
A. 0. Ghibnall,-F.R.S., professor of 
biochemistry of the university. An 
executive committee was set up and 
plans laid. By the summer it was 
clear that attendance would be large; 
it ultimately reached 1,750 individ¬ 
uals from 42 nations. There was a 
large and imposing American delega¬ 
tion and very large French and South 
American attendance. Scandinavia 
was also well represented. 

Am Cambridge has only Are hotels, 
arrangements were made with the 
colleges for use of their rooms. We 
heard many comments on the spartan 
life of the undergraduates. Most 
participants, however, found their ex¬ 
perience of student life at an old 
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The opening ceremony, held in the 
historic Senate House where Winston 
Churchill was given an honorary de¬ 
gree, was packed, with many mem¬ 
bers standing. In the same hall, the 
degree of Doctor of Science BonorU 
causa was conferred on haljf a dozen 
of the world’s leading^biochemists 
including Carl Cori, Nobel laureate 
and professor at Washington Univer¬ 
sity. The old-fashioned ceremony, 
conducted entirely in Latin, preceded 
and followed by the Procession of 
Doctors through the town, will be 
long remembered by those privileged 
to see it. 

After the degree ceremony there 
was a garden party in the grounds of 
St. John’s College. The British 
Government invited all members to 
an evening reception on the grounds 
of Trinity College. It was also in 
the Great Hall of Trinity that the 
president’s dinner was held for dis¬ 
tinguished overseas members. 

The 12 sections of the congress 
were in almost continuous session aud 
over 500 papers were read and dis¬ 
cussed. The highlights of the sci¬ 
entific meetings, howovor, were the 
three congress lectures. The first 
was given by C. T. Cori on 4 'The in¬ 
fluence of hormones on enzymatic 
reactions,' ’ the second by M. Florkin 
on 44 Biochemical aspects' of some 
biological concepts,” and the third 
by Sir Robert Robinson, also a Nobel 
Laureate, on 4 4 Tryptophan and its 
structural relatives . 19 

At the formal closing session in 
the Senate House, the president 
thanked those who had worked po 
hard and the authorities of the uni¬ 
versity. He invited Sir Charles Har- 
ington, director of the National In¬ 
stitute for Medical Research and 
chairman of an ad hoc international 
committee, to peport.pn the fadings 
of the committee set up to consider 
the future of the congress. 

The committee unanimously recom¬ 
mended that the - Second Interna¬ 
tional Congress of Biochemistry meet 
in Paris in 1952 at the invitation of 
the Soel6t6 de Chlmie Biologique and 
that immediate steps be taken to es¬ 
tablish an International Union of 
Biochemistry under the wing of the 
International Council of Scientific 
Unions. Both these recommendations 
were passed. 
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The congress was p rivileged u> 
witness a demonstration of Scottish « 
sword dancing and reels to the music 
of Pipe-Major Robert Hill in his 
magnificent tartan and kilt. 

FfcANCia J. GairriN 

Over 30 delegates from five foreign 
countries and the U. S. attended the 
First International Sesame Confer¬ 
ence held at Clemaou College, South 
Carolina, August 15-16. 

A paper of pr^iminary work with 
sesame in El Salvador by Juan Cano, 
of Centro Nacioual do Agronomia, 
was presented at the opening session 
by James Watkins, of the Office of 
Foreign Agricultural Relations mis 
sion iu El Salvador who stated that 
sesame production in El Salvador has 
increased from 9,545 bushels in 1945 
to 201,000 bushels iu 1948. Much 
of the seed was exported last year 
to Italy and Austria under the Mar 
shall Plan. The improvement of the / 
sesame crop in India was discussed j 
in a paper by N. Parthaaarthy, head j 
of the Division of Botany, Indian! 
Agricultural Research Institute, New i 
Delhi, presented by N. K. Sen, Di¬ 
vision of Genetics of the University 
of California. 

Significant advances In sesame 
breeding in Venezuela were reviewed 
by D, G. Langham, who discovered 
the first nonshattering sesame plant 
as a result of some of his crosses of 
breeding lines. Dr. Langham is head 
of the Department of Genetics and 
Agronomy of the Venezuelan Minis 
try of Agriculture. 

J. A. Martin, host of the confer 
ence and an associate horticulturist 
of the South Carolina Experiment 
Station, reported on the breeding 
work now being done in his state. 

He has found that sesame is well 
adapted to the climate and soils of 
South Carolina and that high yields 
may be obtained by the use of cer¬ 
tain varieties. Dr. Martin pointed 
out that the seed-shattering charac¬ 
teristic, the main obstacle to com¬ 
mercial production of the crop in this 
country, is being rapidly overcome. 

Delegates were taken on a tour of 
the greenhouses and fields where as¬ 
sume was in both the blooming and 
fruiting stages, and were shown the 
swtsinn introductions from foreign 
countries, breeding Unes, yield tests, 
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irradiated lines, weed control ex¬ 
periments, and disease- and wilt-resis¬ 
tance studies. 

Properties of a solvent-extracted 
sesame oil were discussed by K. S. 
Markley, head of the Oil, Fat, and 
Protein Division of the Southern Re¬ 
gional Research Laboratory, New Or¬ 
leans, during the second session of 
the conference. A paper on the 
physical and chemical properties of 
the oils from varieties of Besame was 
prepared by Pierre Budowski and 
F. G. T. Menezes, of the Southern 
Regional Research Laboratory. 6e- 
samol, a constituent of sesame oil, 
was explained by Dr. Budowski, who 
also described some of the research 
work now being done with sesame 
oil. 

The nutritional value of sesame 
was discussed by Werner G. Jaffe, 
Seccidn de Quimica de Nutricion, of 
the Venezuelan Ministry of Agri¬ 
culture. The nutritive value of tor¬ 
tillas and pancakes made of corn 
meal may be increased tremendously 
by using one part of sesame meal to 
nine parts of cum meal. Its vitamin 
values were discussed by E. J. Lease, 
nutritionist of the South Carolina 
Experiment Station. 

It was pointed out during the moot¬ 
ing that expansion of the breeding 
program had been greatly facilitated 
by the research grants-in-aid or fel¬ 
lowships presented by the National 
Cottonseed Products Association to 
the Texas State Research Founda¬ 
tion, the North Carolina Experiment 
Station, and the South Carolina Ex¬ 
periment Station. The cooperative 
work of F. E. Johnstone, Jr., former 
chief agronomist of the National 
Cottonseed Products Association, and 
Lawrence C. Curtis, chief agronomist 
of the association, in obtaining seed 
stocks of various Btr&ins and in 
bringing in new literature on sesame 
was also commended by the confer¬ 
ence. The need for further agricul¬ 
tural research was stressed, along 
with plant exploration in those coun¬ 
tries Where sesame has been grown 
for centuries, to seek superior gem 
plasm for new breeding lines. 

At the final session the delegates 
accepted an invitation of the govern- 
meat of Venezuela to hold their next 
annual conference there. In 1950 
conference delegates wUI be given the 


opportunity of seeing at first hand 
the research work now being per¬ 
formed by Dr. Langham. 

Hans M. Simons, Jr. 

An international symposium on 
high altitude biology will take place 
in Lima, November 23-30, under 
the auspices of Unesco and the 
government of Peru. The Govern¬ 
ing Council of the Institute of 
Andean Biology, headed by Carlos 
Monge M., has been appointed or¬ 
ganizing committee of the sym¬ 
posium. Papers will be presented on 
circulation at rest and during physi¬ 
cal activity j blood and respiratory 
characteristics at rest and during 
physical activity; nervous function; 
and endocrine factors and reproduc¬ 
tions. Papers dealing with general 
or restricted aspects of the influence 
of a low environmental pressure on 
human and animal organisms will be 
considered by the committee arid 
should bo received not later than 
October 15. Hotel reservations 
should also be made before October 
15. Address all communications to 
the Organizing Committee of the 
International Symposium on High 
Altitude Biology, Dr. Carlos Monge 
M., Director, Institute of Andean 
Biology, Lima, Peru. 

The Tenth International Orni¬ 
thological Congress, by invitation 
of the Swedish Ornithological So¬ 
ciety, will be held at Upsala, Swe¬ 
den from June 10 to 17, 1950. At¬ 
tendance is open to persons of all 
countries interested in any phase of 
ornithology. According to the pre¬ 
liminary program the congress will 
convene in a general session On Satur¬ 
day, June 10 at 2:00 p.m. Several 
excursions from Lund are planned 
for June 3-9, and others will leave 
from Upsala June 20~July 3. Alex¬ 
ander Wetmore, secretary, Smith- 
son i sol ns titution, Washington, D. C., 
is president of the congress and 
Sven Httrstadius, Zoologiska Institu- 
tlonen, Upsala, is secretary. Appli¬ 
cations for registration should be ad¬ 
dressed to the Tenth International 
Ornithological Congress, Upsala, 
Sweden, before February 98, 1950. 

The Virginia Academy of Sci¬ 
ence* elected the following officers 


for 1949-00 at its 27th annual meet¬ 
ing held in Richmond this spring: 
Boyd Harshbgrger, president; Guy 
W. Horsley, president-elect; Foley 
Smith, secretary-treasurer; and E 
C. L. Miller, secretary-treasurer 
emeritus. Ladley Busted and John 
N. Buck were elected to the counoil. 
The Academy voted to reestablish 
The Virginia Jonrnal of Science, 
which was discontinued at the begin 
ning of the war. 

The American Neurological As¬ 
sociation elected the following offi¬ 
cers for 1949-50 at its 74th annual 
meeting held in June in Atlantic 
City: president, Henry W. Woltman; 
first vice president, Johannes M. 
Nielsen; second vice president, E. 
Jefferson Browder; secretary-treas¬ 
urer, H. Houston Merritt; and as 
wistant secretary, Charles Rupp. 


Representatives of the atomic 
energy agenciea of Canada, the 
United Kingdom, and the U. S. will 
hold their third declassification meet¬ 
ing September 26-28 at the Canadian 
Atomic Energy Research Establish¬ 
ment at Chalk River, Ontario. The 
uniform declassification guides, which 
the three nations now use in deter 
mining what information may 1* 
published, will be reviewed at the 
meeting in order to maintain max 
imum security of information held 
in common by the three nations. 
Senior reviewers for the U. S. AEO 
declassification system are; W. C. 
Johnson, chairman pf the Depart 
ment of Chemistry, University of 
Chicago; W. F. Libby, professor of 
chemistry, University of Chicago; J. 
M* B. Kellogg, leader, Physics Divi¬ 
sion, Los Alamos Scientific Labora¬ 
tory; and R. L* Thornton, professor 
of physics, University of California. 

The New York Academy of 
Medicine announces that the 1949- 
60 Laity Lectures will be held at the 
academy on the following dates: 
September 28: Frontiers in Feychia 
try —Franz Alexander, director, In¬ 
stitute for Psychoanalysis, Chicago: 
October 26: MethuMlab-Myth or 
Promise—David Beegal, professor oi 
medicine, Long Island College of 
Medicine; November 16: Frontier* 
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in Genetics —Laurence H. Snyder, 
dean of the Graduate College, Uni¬ 
versity of Oklahoma; December 7: 
Machines that Work Like Men — 
John H. Gibbon, Jr., professor of 
surgery, Jefferson Medical College, 
Philadelphia; January 11: The Biol¬ 
ogy of the Antibiotics—* Seim an A. 
Waksman, professor of microbiology, 
Rutgers University; January 25: 
Concepts and Methods of Medical Re¬ 
search —Thomas M. Rivers, director, 
Hospital of the Rockefeller Institute 
for Medical Research. All lectures 
will be held at 8:30 p.m. The public 
Is invited to attend, admission free. 
The lectures will be published by the 
Columbia University Press, New 
York 27. 

A committee on research in an¬ 
thropology has been formed by the 
Division of Anthropology and Psy¬ 
chology of the National Research 
Council and includes the following 
members: W. M. Krogman, chair¬ 
man, Graduate School of Medicine, 
University of Pennsylvania; G. T, 
Bowles, NRC; W, W. Greulieh, Stan¬ 
ford University; W. W, Howells, 
University of Wisconsin; F. E, Ran¬ 
dall, Climatic Research Laboratory, 
Lawrence, Massachusetts; A. H. 
Schultz, Johns Hopkins University; 
H. L. Shapiro, American Museum of 
Natural History; T. Dale Stewart, 
U. B. National Museum; and S. L. 
Washburn, University of Chicago. 
The committee will serve as a clear¬ 
inghouse for all research projects in¬ 
volving procedures and techniques of 
physical anthropology artd in this 
sense will act as an advisory body. 
Suggestions or requests for advice or 
aid may be sent to the chairman. 

The current Progress Roport of 
Brookhaven National Laboratory 
(BNL-AS-2), which combines admin¬ 
istrative and scientific progress, 
January 1 through June 80, 1049, is 
now available. Requests for this re¬ 
port should be directed to the Infor¬ 
mation Group, Information and Pub¬ 
lications Division, Brookhaven Na¬ 
tional Laboratory. 

Representatives from the anatomy 
departments of the nineteen veter¬ 
inary schools in the U. 8. and Canada 
met at the recent convention of the 
American Veterinary Medical Asso¬ 


ciation at Detroit and formed an 
American Association of Veteri¬ 
nary Anatomists. The purpose of 
the association is to promote interest 
In the fields of teaching, research, 
and publication in veterinary anat¬ 
omy. Officers of the grotyp are: 
president, J. A. Grosaftian, Ohio 
State; president-elect, M. EfMiller, 
Cornell University; secretary*treas¬ 
urer, J. F. Smitheors, Michigan State 
College. 


prize for a paper on nutriment solu¬ 
tions of plants, written jointly with 
Daniel I. Arnon. 

Ralph R. Parker, 61, entomolo¬ 
gist, died of a heart attack at his 
home in Hamilton, Montana, Septem¬ 
ber 4. Director of the Rocky Mourn 
tain Laboratory of the National In¬ 
stitute of Health, Dr. Parker was co- 
discoverer of a vaccine for Rocky 
Mountain spotted fever. 


The First Conference of Re¬ 
search end Development Groups 

of the Fifth Army AYea was held at 
Fort Sheridan, Illinois, August 27- 
28. A series of seminars in the 
physical, biological, and medical sci¬ 
ences and engineering were attended 
by representatives of the Army 's 
Logistics Division and six of its 
technical branches, and over 200 re¬ 
serve officers from 19 research and 
development groups in the Fifth 
Army area. The reserve officers were 
Midwestern scientists representing 
university faculties, industrial re¬ 
search organizations, and research 
foundations. The conference was or¬ 
ganized at the suggestion of Lars H. 
Sjodahl, commanding officer of the 
5008th Research and Development 
Group of Chicago, and rheologist 
with the International Printing Ink 
Division of Interchemical Corpora¬ 
tion. 

Deaths 

Josd de Carvajal-Forero, 51, 

X-ray expert, died August 8 in New 
York City. Dr. Carvajal-Forero was 
founder and first president of the 
New York X-ray Technological So¬ 
ciety. He was well known for his 
technical advances in blue-tinting 
and work with barium. 

Dennis R. Hoagland, 65, one of 
the country 's leading plant physi¬ 
ologists, died September 6 at his 
home in Berkeley, California. Pro¬ 
fessor emeritus of plant nutrition 
and chemistry at the University pf 
California, Dr, Hoagland had headed 
the university's Division of Plant Nu¬ 
trition from 1921 until his retirement 
last June. In 1980 he received the 
Stephen Hales Prize of the Ameri¬ 
can Soriety of flawt Physiologist* 
and in 1941 wav awarded' the AAAS 


Recently Received— 

Etude des propri6t£s fondamentalen 
dee actinom&tres by L. Bossy and 
R. Pastiels. (Memoires, Vol. 
XXIX. Verhand Elingen, Dl. 
XXIX). Institut Royal M6teoro- 
logique de Belgique, Ucde, 3, 
Belgium. 

Transactions of the Royal Society of 
South Africa, 1949. Copies ob¬ 
tainable from Hon. Secretary, 
Royal Society, University of Cape 
Town, Rondebosch, South Africa 
at 1£ Is. 

Marihuana in Latin America: The 
Threat It Constitutes by Pablo 
Osvaldo Wolff. Available from 
Washington Institute of Medicine, 
Washington 6, D. C. 41.50. 

New Zealand Journal of Science and 
Technology, Index to Volumes 1 to 
25, compiled by V. J. Wilson. 
(Connell of Scientific and Indus¬ 
trial Research.) Direct inquiries 
to Govt. Printer, Wellington, New 
Zealand. 


Make Plans for— 

National Metal Congress and 
Exposition, 31st annual meeting, 
October 17-21, Public Auditorium, 
Cleveland Ohio. 

American Oil Chemieta* Society, 
fall meeting, October 31-November 2, 
Edge Water Beach Hotel, Chicago. 

Pacific Chemical Exposition and 
Pacific Industrial Conferences, 
sponsored by the American Chemical 
Civic Aitdl* 
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The Meaning and Limits of Exact Science 

Max Planck 


E XACT SCIENCE—what wealth of connota¬ 
tion these two words have! They conjure up 
n vision of a lofty structure, of imperishable 
slabs of stone firmly joined together, treasure- 
house of all wisdom, symbol and promise of the 
coveted goal for a human race thirsting for knowl¬ 
edge, longing for the final revelation of truth. And 
since knowledge always means power, too, with every 
new insight that man gains into the forces at work 
in nature, he always opens up also a new gateway to 
an ultimate mastery over them, to the possibility of 
harnessing these natural forces and making them obey 
his every command. 

But this is not nil—or even the most important 
part of it. Man wants not only knowledge and power. 
He wants also a standard, a measure of his actions, a 
criterion of what is valuable and what is worthless. 
He wants an ideology and philosophy of life, to assure 
him of the greatest good on earth—peace of mind. 
And if religion fails to satisfy his longing, he will 
seek a substitute in exact science, I refer here merely 
to the endeavors of Monism, founded by outstanding 
scholars, philosophers, and natural scientists, a school 
of thought which commanded high respect only as 
recently as a short generation ago. 

Yet, in these our days hardly a word is being heard 
about the Monists, although the structure of their 
ideology was unquestionably erected to endure for a 
long time to come, and it started out on its career 
with high hopes and great promises. There must be 
something wrong somewhere! And in fact, if we take 
a closer look and scrutinise the edifice of exact science 
more intently, we must very soon become aware of the 
fact that it has a dangerously weak point—namely, its 
very foundation. Its foundation is not braced, rein¬ 
forced properly, in every direction, so as to enable it 
to withstand external strains and stresses. In other 
Words, exact science is not built on any principle of 
such universal validity, and at the same time of such 
portentous meaning, as to be fit to support the edifice 
properly, To be sure, exact science relies everywhere 
on exact measurements and figures, and is therefore 
fully entitled to bear its proud name, for the laws of 
logic and mathematics must undoubtedly be regarded 
m reliable, Bdt even the keenest logic and the most 
exact mathem cannot produce a single 

fru^nl iwautt in the Obsenee of a itemise of unerring 
awWraey^; ivTotliiayg be gained fworn nothing. 


No phrase has ever engendered more misunderstand¬ 
ing and confusion in the world of scholars than the 
expression, “science without presuppositions/’ It whs 
coined originally by Theodor Mommsen, and meant 
that scientific analysis and research must steer clear 
of every preconceived opinion. But it could not mean, 
nor was it intended to, that scientific research needs 
no presuppositions at all. Scientific thought must link 
itself to something, and the big question is, whi're. 
This question has occupied the minds of the most pro¬ 
found thinkers of all epochs and all nations, since time 
immemorial, from Thales to Hegel, setting in motion 
all forces of man’s imagination and logic. But it has 
been demonstrated again and again that a final, con¬ 
clusive answer cannot be found. Perhaps the most 
impressive proof of this negative finding is that until 
now all attempts have failed to discover a world view 
uniformly acceptable, in its general features at least, 
by all minds capable of judgment. The only conclu¬ 
sion which this fact permits, according to every dictate 
of reason, is that it is absolutely impossible to place 
exact science in an a priori manner on a universal 
foundation possessing a fixed and inclusive content. 

Thus, at the very outset; of our quest for the mean¬ 
ing of exact science, we are confronted by an obstacle 
which must be a disappointment to everybody who 
is seriously striving for knowledge. In fact, this ob¬ 
stacle has driven many a critically disposed thinker 
to join the ranks of the skeptics. And a no less re¬ 
grettable fact is that there are perhaps just as many, 
or even more, individuals of the opposite disposition 
whom the fear of falling victim to skepticism—an 
ideology which they consider intolerable—drives to 
look for salvation from prophets of creeds like, for in¬ 
stance, an throposophy. Such prophets appear on the 
scene in all epochs, not excepting our own, with their 
brand new message of salvation, and they often suc¬ 
ceed, with an a maxing rapidity, in gathering a follow¬ 
ing of enthusiastic disciples, eventually to make their 
exit from the stage and to sink back into the all-en¬ 
gulfing abyss of oblivion. 

Is there a way out of this fatal dilemma? And 
where can it be found? This is the first question to 
claim our attention. I shall attempt to show that 
there is a positive answer to it, and that this answer 
will ch«t a tight both on the meaning and limits of 
cxnot science. I submit to the judgment of each of 
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you the validity of my proposed resolution of the 
problem, 

I 

If we seek a foundation for the edifice of exact 
science which.^ is capable of withstanding every criti¬ 
cism, we must first of all tone down our demands con¬ 
siderably. We must not expect to succeed at a stroke, 
by one single lucky idea, in hitting on an axiom of 
universal validity, to permit us to develop, with exact 
methods, a complete scientific structure. We must be 
satisfied initially to discover gome form of truth which 
no skepticism can attack. In other words, we must 
set our sights not on what we would like to know, but 
first on what we do know with certainty. 

Now then, among all the facts that we do know 
and can report to each other, which is the one that 
is absolutely the most certain, the one that is not open 
even to the moat minute doubt f This question admits 
of but one answer: “That which we experience with 
our own body.” And since exact science deals with 
the exploration of the outside world, we may imme¬ 
diately go on to say: “They are the impressions we 
receive in fife from the outside world directly through 
our sense organs, the eyes, ears, etc.” If we see, hear, 
or touch something, it is clearly a given fact which no 
skeptic can endanger. 

To be sure, we speak also of illusions, but never 
with the intention of implying that the sense percep¬ 
tions involved are incorrect or even questionable. For 
instance, when a person happens to be deceived by 
n mirage, the fault lies not with his perception of the 
visual image, which is actually present, but in his 
inferences which draw false conclusions from the 
given sensory data. The sensory impression is always 
a given fact, and therefore incontestable. What con¬ 
clusions the individual attaches to it, are another story, 
which need not concern us for the time being. There¬ 
fore, the content of the sensory impressions is the 
most suitable and only unassailable foundation on 
which to build the structure of exact science. 

If we call the sum to^al of sensory impressions “the 
sense world,” we may state briefly that exact science 
issues from the experienced sense world. The sense 
world is that which, so to speak, furnishes science 
with the raw material for its labors. 

However, this seems to be a very meager result. 
For the content of the sense world is, , in any ease, 
only Something of a subjective character. Every in¬ 
dividual has his own senses, and in general, the senses 
of one individual are quite different from those of 
another, whereas the aim of exact science is to achieve 
objective, universally valid knowledge. It may seem, 
therefore, that in adopting our present abroach we 
''wrong track: . ■ ■ 


But we must not jump to conclusions. For it will 
become manifest that considerable progress can be* 
made along the line of advance now open to us. Con¬ 
sidered as a whole, the matter reduces itself to the 
fact that we human beings have no direct access to 
the.knowledge conveyed to us by exact .science, but 
Acquire it one by one, step by step, at the cost 
of painstaking labors of years and centuries. 

Now, if we examine the content of our sense world, 
it obviously falls apart into as many separate fields as 
we have sense organs—there is a (field corresponding 
to sight, another to hearing, and still others corre¬ 
sponding to the senses of touch, smell, taste, and heat. 
These fields are totally different from each other, and 
have initially nothing in common. There is no im¬ 
mediate, direct bridge between the perception of colors 
and the perception of sounds. An affinity, such as 
may be assumed by many art. lovers to exist between 
a certain shade of color and a certain musical pitch, 
ig not directly given, but is the creation, stimulated 
by personal experiences, of our reflective power of 
imagination. 

Since exact science deals with measurable magni¬ 
tudes, it is concerned primarily with those sensory 
impressions which admit of quantitative data—in 
other words, the world of sight, the world of hear¬ 
ing, and the world of touch. These fields supply sci¬ 
ence with its raw- material for study and research, 
and science goes to work on it with the tools of a 
logically, mathematically, and philosophically disci¬ 
plined reasoning. 

II 

What, then, is the meaning of this work of science f 
Briefly put, it consists in the task of introducing 
OTder and regularity into the wealth of heterogeneous 
experiences conveyed by the various fields of the sense 
world. Under closer examination, this task proves 
to be fully consistent with the task which we are 
habitually performing in our lives from our earliest 
infancy, in order to find our way and place in our 
environment. This is a task which has kept man 
busy ever since he first began to think at all in order 
to be able to hold his own in the straggle for exist¬ 
ence. Scientific reasoning does not differ from ordi¬ 
nary everyday thinking in kind, but merely in degree 
of refinement and accuracy, more or less as the per¬ 
formance of the microscope differs from that of the 
naked eye. The truth of this statement, and that it 
must necessarily be bo, is evident from the very fact 
that there is only one kind of logic, and, therefore, 
even scientific logic cannot deduce anything else from 
given presuppositions than nan the ordinary logic of 
untrained 

tin intuitively riea r under* 
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standing of the results khiek science achieves through 
its labors, if we take our point of departure from the 
experiences known and familiar to us from daily life. 
If we review our own personal, individual develop¬ 
ment, and consider the point which our world view 
has gradually reached in the course of the years, we 
can say that we are trying to use the facts of experi¬ 
ence ns the foundation for a unified, comprehensive 
and practically serviceable picture of the world in 
which we live; that we conceive the outside world as 
filled with objects which act on our various sense 
organs, thus producing our different sensory im¬ 
pressions. 

However, since this practical world picture which 
every human being carries within himself is not a 
directly given notion, but an idea elaborated grad¬ 
ually on the basis of facts of experience, it is pos¬ 
sessed of no final character. It is changed and ad¬ 
justed by every new datum of experience, from in¬ 
fancy to adulthood, first at a quicker, then at a slower 
pace. The same principle applies to the scientific 
world picture. The scientific world picture or the 
so-called phenomenological world is also not final and 
constant, but is in a process of constant change and 
improvement. It differs from the practical world 
picture of daily life not in kind, but in its finer struc¬ 
ture. It is to the world picture of daily life approxi¬ 
mately as the world picture of the adult human being 
is to the world picture of the human child. Therefore 
the best start toward n correct understanding of the 
scientific world picture will be to investigate the most 
primitive world picture, the naive world picture of 
the child. 

Let us, therefore, try to place ourselves as best we 
can, in the child’s mind and world of ideas. As soon 
as the child begins to think, he begins to form his 
world picture. For this purpose, he directs his at¬ 
tention toward the impressions which he receives 
through his sense organs. He tries to classify them, 
and in this endeavor he makes all kinds of discov¬ 
eries, such as for instance, that there is a certain 
orderly interrelation between tbe inherently different 
impressions conveyed by the senses of sight, touch, 
and hearing. If you give the child a toy, let us say, a 
rattle, he will find that the tactile sensation is always 
accompanied by a corresponding visual sensation, and 
as he moves the rattle back and forth, he also per¬ 
ceives a certain regular auditory sensation. 

While in this instance the different mutually inde¬ 
pendent sense worlds appear to be interlocking to a 
certain degree, on -other occasions the child will make 
an observation which he will find to be no less re- 
ini^^ impressions which are com¬ 

pletely indietingukhable from one another and have 


their origin in a common sense world, may neverthe¬ 
less be of a totally different character. Thus, for 
instance, tbe child may look at a round electric light 
and observe that it looks just like the full moon. The 
light sensation may be exactly the same. Yet, the 
child finds a great difference, for he can touch the 
lamp, but not the moon; he can pass his hand around 
the lamp, but not around the moon. 

What, then, does the child think as he makes these 
discoveries? First of all, he wonders. This feeling 
of wonderment is the source and inexhaustible foun¬ 
tainhead of his desire for knowledge. It drives the 
child irresistibly on to solve the mystery, and if in 
his attempt he encounters a causal relationship, he 
will not tire of repeating the same experiment ten 
times, a hundred times, in order to taste the thrill 
of discovery over and over again. Thus, by a process 
of incessant labor from day to day, the child even¬ 
tually develops his world picture, to the degree needed 
by him in practical life. 

The more the child matures, and the more com¬ 
plete his world picture becomes, the less frequently 
he finds reason to wonder. And when he has grown 
up, and his world picture has solidified and taken on 
a certain form, he accepts this picture as a matter of 
course and ceases to wonder. Is this because the 
adult has fully fathomed the correlations and the 
necessity of the structure of his world picture? Noth¬ 
ing could be more erroneous than this idea. Nol 
The reuson why the adult no longer wonders is not 
because he has solved the riddle of life, but because 
he has grown accustomed to the laws governing his 
world picture. But the problem of why these par¬ 
ticular laws hold, and no others, remains for him just 
as amazing and inexplicable as for the ehild. He 
who does not comprehend this situation misconstrues 
its profound significance, and he who has reached the 
stage where he no longer wonders about anything, 
merely demonstrates that he has lost the art of re¬ 
flective reasoning. 

Rightly viewed, the real marvel is that we encounter 
natural laws at all which are the same for men of all 
races and nations. This is a fact which is by no 
means a matter of course. And the subsequent marvel 
is that for the most part these laws have a scope which 
could not have been anticipated in advance. 

Thus, the element of the wondrous in the structure 
of the world picture increases with the discovery of 
every new law. This holds true even of scientific re¬ 
search and inquiry in our own day, which continually 
produce something new* Just think of the mysteries 
of the cosmic rays, or the mysterious hormones, or 
the remarkable revelations of the electron microscope. 
To the research scientist, no leas than to the child, it 
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ifi always a gratifying experience and an added stim¬ 
ulus to encounter a new wonder, and he will labor 
industriously to solve the riddle by repeating the same 
experiments with his refined instruments just as the 
child does with his primitive rattle. 

However, let us not leap too far ahead, but proceed 
in an orderly fashion. First, let us investigate in what 
respect the structure of the child’s world differs from 
the sense world as originally given. The first fact to 
claim our attention is that sensations, the sole and 
exclusive constituents of the original world x^cture, 
have been driven appreciably into the background. 
The dominant elements of this world picture are not 
sensations, but the objects which produce them. The 
toy is a dominant element, and the tactile, visual, 
and auditory sensations are merely secondary conse¬ 
quences. But we would not do full justice to the 
state of affairs were we to say simply that this world 
picture is nothing but a synthesis of different sensory 
impressions achieved with the help of the unifying 
concex>t of thing. For, conversely, a single undiffer¬ 
entiated sense experience may correspond to several 
different objects. An example of this possibility is the 
previously mentioned case of an illuminated surface 
which produces in us a definite sensory impression, 
and yet is sometimes attributed to an electric light 
and at other times to the full moon. This is a case 
of a single undifferentiated sensation which corre¬ 
sponds to two different objects. The contrast, there¬ 
fore, lies deeper, and can be characterized exhaustively 
only by introducing the concept of an objectively 
valid regularity. The sensations produced by objects 
are private, and vary from one individual to another. 
But the world picture, the world of objects, is the 
same for all human beings, and we may say that the 
transition from the sense world to the world picture 
amounts to a replacement of a disordered subjective 
manifold by a constant objective order, of chance by 
law, and of variable appearance by stable substance. 

The world of objects, in contrast to the sense world, 
is therefore called the ‘Veal world.” Yet, one must 
be careful when using the word real. It must be taken 
here in a qualified sense only. For this word has the 
connotation of something absolutely stable, perma¬ 
nent, immutable, whereas the objects of the child's 
world picture could not rightly be claimed to be im¬ 
mutable. The toy is not immutable, it may break 
or burn. The electric lamp can be smashed to smith¬ 
ereens. This precludes their being called real in the 
sense just mentioned; 

This sounds both eelf^evidient and trivial But 
we must bear in mind that in the caseof the scientific 
world pi^urej wherC as we 1^ the afttmtioa 
is quite state bla^ 


means found to be self-evident. For just as to the 
child the toy is the true reality, so for decades and 
centuries the atoms were taken by science to con¬ 
stitute the true reality in natural processes. The 
atoms were considered to be that which remains im¬ 
mutable when an object is smashed or burned, thus 
representing permanency in the midst of all change— 
until Sue day, to everybody’s astonishment, it was 
found that even atoms could change. Therefore, 
whenever in the sequel we refer to the real world, we* 
shall be using the word real primarily in a quali¬ 
fied, naive sense, adjusted to the particular character 
of the dominant world picture, and we must con¬ 
stantly bear in mind that a change in the world pic¬ 
ture may go hand in hand, simultaneously, with that 
which people call real. 

Every world picture is characterized by the real 
elements, of which it is composed. The real world 
of exact science, the scientific world picture, evolved 
from the real world of practical life. But even this 
world picture is not final, but changes^aU the time, 
step by step, with every advance of inquiry. 

Such a stage of development is represented by that 
scientific world picture which today we are accus¬ 
tomed to call “classical.” Its real elements, and hence 
its characteristic feature, were the chemical atoms. In 
our own day, scientific research, fructified by the 
theory of relativity and the quantum theory, stands 
at the threshold of a higher stage of development, 
ready to mould a new world picture for itself. The 
real elements of this coming world picture are no 
longer the chemical atoms, but electrons and protons, 
whose mutual interactions are governed by the velocity 
of light and by the elementary quantum of action. 
From today’s point of view, therefore, we must regard 
the realism of the classical world picture as naive. 
But nobody can tell whether some day in the future 
the same words will not be used in referring to our 
modern world picture, too. 

Ill 

But what is the meaning of this constant shift in 
what we cal) realf It is not utterly unsatisfactory 
to all men who Seek definite scientific insight! 

The answer to this question mast be, first of all, 
that our immediate concern is not whether or not the 
situation is satisfactory, but what its essentials are. 
But the pursuit of this question will lead to a dis¬ 
covery which we must regard as the greatest of all 
the wonders pj^yioiwty Of all, it 

must be noted^ thjgtv ^ of one 

. world picture ’ dictated by ;iao : 'hlu^ ; -;; 

■ whim : , 
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hits upon a new fact in nature for which, the cur- hand, is the creation of a world picture, with real 


rently accepted world picture cannot account. To cite 
a concrete example, such a fact is the velocity of light 
in empty space, and another is the part played by the 
elementary quantum of action in the regular occur¬ 
rence of all atomic processes. These two facts, and 
many more, could not be incorporated in the classical 
world picture, and consequently, the classical world 
picture had to yield its place to a new world picture. 

This in itself is enough to make one wonder. But 
the circumstance which calls for ever greater wonder¬ 
ment, because it is not self-evidently a matter of 
course by any means, is that the new' world picture 
does not wipe out the. old one, but permits it to stand 
in its entirety, and merely adds a special condition 
for it. This special condition involves a certain limi¬ 
tation, but because of this very fact it simplifies the 
world picture considerably. In fact, the laws of 
classical mechanics continue to hold satisfactorily for 
all the processes in which the velocity of light may be 
considered to be infinitely great, and the quantum of 
action to be infinitely small. In this way wo are able 
to link up in a general manner mechanics with electro¬ 
dynamics, to substitute energy for mass, and more¬ 
over, to reduce the building blocks of the universe 
from the ninety-two different atom types of the clas¬ 
sical world picture to two—electrons and protons. 
Every material body consists of electrons and protons. 
The combination of a proton and an electron is either 
a neutron or a hydrogen atom, according as the elec¬ 
tron becomes attached to the proton or circles about 
it. All the physical and chemical properties a body 
has may be deduced from the type of its structure. 

The formerly accepted world picture is thus pre¬ 
served, except for the fact that now it takes on the 
aspect of a special section of a still larger, still 
more comprehensive, and at the same time still more 
homogeneous picture. This happens in all cases 
within our experience. As the multitude of the nat¬ 
ural phenomena observed in nil fields unfolds in an 
ever richer and more variegated profusion, the sci¬ 
entific world picture, which is derived from them, 
assumes an always clearer and more definite form. 
The continuing changes in the world picture do not 
therefore signify an erratic oscillation in a zigzag 
line, but a progress, an improvement, a completion. 
In establiahing this fact I have, in my opinion, indi¬ 
cated the basically most important accomplishment 
that scientific research can claim. 

Sutwh*t is the direction of this progress, and what 
is its ultimate goalf Tbe direction, evidently, is the 
^ of the world picture by redne- 

; its it te a higher reality 

*°*d> on the other 


elements which no longer require ail improvement, 
and therefore represent the ultimate reality. A de¬ 
monstrable attainment of this goal will—or can—never 
be ours. But in order to have at least a name for it, 
for the time being, we call the ultimate reality the 
real world, in the absolute, metaphysical sense of the 
word real . This is to be construed as expressing the 
fact that the real world—in other words, objective 
nature—stands behind everything explorable. In con¬ 
trast to it, the scientific world picture gained by 
experience—the phenomenological world —remains al¬ 
ways a mere approximation, a more or less well de¬ 
fined model. As there is a material object behind 
every sensation, so there is a metaphysical reality be¬ 
hind everything that human experience shows to be 
real. Many philosophers object to the word, be¬ 
hind. They say: “Since in exact science all concepts 
and all measures are reducible to sensations, in the 
last analysis the meaning of every scientific finding 
also refers only to the sense world, and it is inad¬ 
missible, or at least superfluous, to postulate the ex¬ 
istence behind this world of a metaphysical world, 
totally inaccessible to direct scientific inquiry and ex¬ 
amination.” The only proper reply to this argument 
is, simply, that in the above sentence tlm word behind 
must not be interpreted in an external or spatial sonsc. 
Instead of “behind,” we could just as well say, “in” 
or “within.” Metaphysical reality does not stand 
spatially behind what is given in experience, but lies 
fully within it. “Nature is neither core nor shell— 
she is everything at once.” The essential point iB 
that the world of sensation is not the only world 
which may conceivably exist, but that there is still 
another world. To be sure, this other world is not 
directly accessible to us, but its existence is indicated, 
time and again, with compelling clarity, not only by 
practical life, but also by the labors of science. For 
the great marvel of the scientific world picture, be¬ 
coming progressively more complete and perfect, nec¬ 
essarily impels the investigator to seek its ultimate 
form. And since one must assume the existence of 
that which one seeks, the scientist’s assumption of 
the actual existence of a real world, in the absolute 
sense of the word, eventually grows into n firm con¬ 
viction which nothing ca n shake any more. This firm 
belief in the absolute real in nature is what consti¬ 
tutes for him the given, self-evident premise of his 
work; it fortifies repeatedly his hope of eventually 
groping his way still a little nearer to the essence of 
objective nature, and of thereby gaining further dues 
to her secrets. 

Since the real world, in the absolute sense of the 
word, is ihdai^udent of individual personalities, and 
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in fact of all human intelligence, every discovery made 
by any individual acquires a completely universal sig¬ 
nificance, This gives the inquirer, wrestling with his 
problem in quiet seclusion, the assurance that every 
discovery will win the unhesitating recognition of nil 
experts throughout the entire world, and in this feel¬ 
ing of the importance of this work lies his happiness. 
It compensates him fully for many a sacrifice which 
he must make in his daily life. 

The sublime nature of such a goal must, necessarily, 
dwarf into insignificance any doubt engendered by the 
difficulties encountered while shaping the scientific 
world picture. It is particularly important to em¬ 
phasize this in our own day, for nowadays such diffi¬ 
culties are sometimes regarded as serious impedi¬ 
ments to the salutary progress of scientific work. It 
is an odd fact that experimental difficulties are so 
regarded to a lesser degree than theoretical ones. The 
circumstance that with the increasing demands on the 
accuracy of measurements the instruments* too, be¬ 
come more intricate, is understood and accepted as a 
matter of course. But the fact that, in the endeavor 
to improve continually the expansion of systematic 
interrelations, it is necessary to use definitions and 
concepts which diverge more and more from tradi¬ 
tional forum and intuitive notions, is sometimes cited 
as a reproach against theoretical research, and is even 
viewed as indicating that theoretical research is en¬ 
tirely on the wrong track. 

Nothing could be more Shortsighted than such a 
view. For if we stop to think that the improvement 
of the world picture goes hand in hand with an ap¬ 
proach to the metaphysically real world, the ex¬ 
pectation that the definitions and concepts of the ob¬ 
jectively real world picture will not diverge too much 
from the framework created by the classical world 
picture amounts basically to a demand that the meta¬ 
physically real world be completely intelligible in 
terms of ideas derived from the former naive world 
picture. This is a demand that can be never ful¬ 
filled. We simply cannot expect to recognize and 
discern the finer structure of something, so long as 
we flatly refuse to view it otherwise than with the 
naked eye. Yet, in this respect there is no reason 
for fear. The development of the scientific world 
picture is a matter of absolute necessity. The experi¬ 
ences gained with the refined instruments of measure¬ 
ment demand inexorably that certain firmly rooted 
intuitive notions be abandoned and replaced by new, 
more abstract conceptual structures, for which the 
appropriate intuitions are still to be found and de- 


But significant as the achievements may be, and 
near as the desired goal may seem, there always re¬ 
mains a gaping chasm, unbridgeable from the point of 
view of exact science, between the real world of phe¬ 
nomenology and the real world of metaphysics. This 
chasm is the source of a constant tension, which can 
neve* be balanced, and which is the inexhaustible 
source of the insatiable thirst for knowledge within 
the true research scientist. But at the same time, we 
catch here a glimpse of the boundaries which exact 
science is unable to cross. May itfc results be ever 
so deep and far-reaching, it can never succeed in 
taking the last step which would take it into the realm 
of metaphysics. The fact that although we feel in¬ 
evitably compelled to postulate the existence of a 
real world, in the absolute sense, we can never fully 
comprehend its nature, constitutes the irrational cle¬ 
ment which exact science can never shake off, and the 
proud name “exact science” must not be permitted 
to cause anybody to underestimate the significance of 
this element of irrationality. On the other hand, the 
very fact that science sets its own limits on the basis 
of scientific knowledge itself, appears well suited to 
strengthen every body's confidence in the reliability 
of that knowledge*, knowledge obtained on the basis of 
incontestable presupposition and with the help of 
rigorous experimental and theoretical methods. 

If, now, we cast our glance from the viewpoint now 
established back on the starting point of our con¬ 
siderations, and on the entire train of thoughts pur¬ 
sued, the results gained will become even clearer. We 
began our deliberations with a definite disillusionment. 
We sought a universal foundation on which to erect, 
the edifice of exact science, a foundation of indispu¬ 
table firmness and security—and wo failed to find it. 
Now in the light of the insights gained, we recognize 
that our quest was doomed to failure even before it 
started. For, basically considered, our attempt was 
based on the idea of starting out on our scientific ex¬ 
ploration from something irrevocably real, whereas 
we have now come to understand that such ultimate 
reality is of a metaphysical character and can never 
be completely known. This is the intrinsic reason 
that doomed to failure every previous attempt to 
erect the edifice Of exact science on a universal founda¬ 
tion, valid a priori. We had to be satisfied, instead, 
with a starting point which Was of inviolable solidity 
and yet of an extremely limited significance, since it 
was based solely on individual data of experience* It 
is at this modeet point that scientific research enters 


with its exact methods, and it works its way step by 
veloped. Thus, they are the landmarks to guide step from the specific to the always more general, 
theoretical reseat on its road from the naive eon- To this end, itumstset and coutinuallykeepits sights 
eept -Xvtia real. on the objective Wlxioli It a^ this 
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sense exact science can never dispense with reality 
in the metaphysical sense of the term. But the real 
world of metaphysics is not the starting point, but 
the goal of all scientific endeavor, a beacon winking 
and showing the way from an inaccessibly remote 
distance. 

The assurance that every new discovery, and every 
new fact of knowledge gained from it, will bring us 
nearer to the goal, must compensate ns for the numer¬ 
ous, and certainly not negligible, drawbacks which are 
necessarily created by the continual abatement of the 
intuitive character and ease of application of the 
world picture. In fact, the present scientific world 
picture, as against the original naive world picture, 
shows an odd, almost alien aspect. The immediately 
experienced sense impressions, the primordial sources 
of scientific activity, have dropped totally out of the 
world picture, in which sight, hearing, and touch no 
longer play a part. A glance into a modern scientific 
laboratory shows that the functions of these senses 
have been taken over by a collection of extremely 
complex, intricate, and specialized apparatus, con¬ 
trived and constructed for handling problems which 
can be formulated only with the aid of abstract con¬ 
cepts, mathematical and geometric symbols, and which 
often are beyond the layman’s power of understand¬ 
ing. One might feel completely at sea trying to 
puzzle out the meaning of exact science, and exact 
science has even been accused on this account of hav¬ 
ing lost its firm footing with the loss of its original 
intuitive character. But he who persists in this 
opinion, despite the reasons cited, is beyond help, and 
will be as unable to make any essential contribution to 
the progress of exact science as an experimenter who 
insists, as a matter of principle, on working always 
with primitive instruments only. For exact science 
demands more than ft gift of intuition and willingness 
to work hard. It demands also very involved, pains¬ 
taking, tedious attention to details, for which many 
scientists must often pool their efforts in order to 
prepare their branch of science for the next step on 
the ladder of gradual progress. To be sure, when the 
pioneer in science sends forth the groping feelers of 
his thoughts, he must have a vivid intuitive imagina¬ 
tion, for new ideas are not generated by deduction, 
but by an artistically creative imagination. Neverthe¬ 
less, the worth of a new idea is invariably determined, 
not by the degree of its iutuitiveness—which, inciden¬ 
tally, is to a major extent a matter of experience and 
habit—‘but by the scope and aecuracy of the individual 
laws to the discovery of which it eventually leads. 

Gf course, forward means also that the 

dUttoultyof the task increases, the demands on the 
analyst grow more exacting, and the need for an 


expedient division of labor becomes always more 
urgently imperative. In particular, the division of 
science into experimental and theoretical was com¬ 
pleted about a century ago. Experimenters are the 
shock troops of science. They perforin the decisive 
experiments, carry out the all-important work of 
measurement. An experiment is a question which 
science poses to nature, and a measurement is the 
recording of nature’s answer. But before an experi¬ 
ment can be performed, it must be planned—the 
question to nature must be formulated before being 
posed. Before the result of a measurement can be 1 
used, it must be interpreted—nature’s answer must 
be understood properly. These two tasks are those 
of the theorist, who finds himself always more and 
more dependent on the tools of abstract mathematics. 
Of course, this does not mean that the experimenter 
does not also engage in theoretical deliberations. The 
foremost classical example of a major achievement 
produced by such a division of labor is the creation 
of spectrum analysis by the joint efforts of Robert 
Bunsen, the experimenter, and Gustav Kirohoff, the 
theorist. Since then, spectrum analysis has been 
continually developing and bearing ever richer fruit. 

Whenever an experimental finding contradicts the 
.accepted theory, another step on the bidder of progress 
is thereby announced, for the contradiction signifies 
that the accepted theory must be overhauled and im¬ 
proved. But the question as to just where and how 
to change it entails serious difficulties. For the more 
tried an existing theory is, the more sensitive it is, 
and the stronger resistance it puts up to every at¬ 
tempt to alter it In this respect, it behaves like a 
highly complex, widely ramified organism, whose 
individual component parts are mutually interde¬ 
pendent and are so closely interlinked that a re¬ 
action to any stimulus at any one point is ^Jso mani¬ 
fested automatically at quite different and, seemingly, 
very remote places. This gives rise to new questions, 
which can be investigated experimentally, and thus 
it may lend to consequences, the bearing and im¬ 
portance of which no one could suspect at the out¬ 
set. This is how the theory of relativity was bom, 
and this is the story behind the genesis of the quantum 
theory. In our own days, the constant growth and ad¬ 
vancement of the youngest branch of natural science, 
nuclear physics, brought about and implemented by 
a reciprocal supplementation of experiment and 
theory, is another typical example of such fruitful col¬ 
laboration. 

■ IT 

But why all this enormous labor, demanding ihe 
best efforts of countless soldiers of science during 
their entire lives? Is the ultimate result—wbich, as 
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we have seen, in its individual details always drifts lions. To be sure, the magnitude of the energies thus 

away from the immediately given facts of life—truly released did attract attention, yet since atoms were 

worth this costly effort? so infinitesimally small, no serious thought was given 

These questions would indeed be justified if the to the possibility that one day they might acquire 

meaning of exact science were limited to a certain practical significance, too. Today, due to new fiud- 

gratiflcstfon of man's instinctive yearning for ings in the field of artificial radioactivity, this ques- 

knowledge and insight. But its significance goes tion taken an astonishing turn. The investiga- 
considerably deeper. The roots of exact science feed lions of^Otto Hahn and his collaborators have es- 

in the soil of human life. But its link to it is two- tablished *the fact that a uranium atom bombarded by 

fold. For it not only has its source in experience, a neutron splits into several parts. Two or three 

but also has a retroactive effect on human life, both neutrons ate liberated, and each of ll^em continues on 

'material and spiritual, and the more freely it can un- its own path and may, in its turn, collide with a 
fold itself, the stronger and more fruitful is this, uranium atom and split it. Thus the effects may 
effect. This manifests itself in a very peculiar man- multiply; and it may happen that as a consequence 

ner. First, us we have found, when science works on of the increasing bombardment of uranium atoms by 

the world picture of its own making, its quest of meta- the liberated neutrons the energy thus released will 

physical reality causes it to drift always farther and swell like an avalanche within a very short time, 

farther away from the immediate facts and interests To visualize this, think of the well-known example of 

of life, since it always takes to less intuitive and chain letters. With the number of available atoms, 

more solitary trails. But these trails, and only these, this chain reaction may reach quite enormous, hardly 

are the very paths leading toward a discernment of conceivable proportions. Of course, an indispen- 

new laws of interrelations, which would be inaccessible sable prerequisite for this effect is that the free 

in any other way, and which can then be made relevant neutrons, prior to their hitting uranium nuclei, are 

for human experience and thus made to serve human not captured by other atoms and either perma- 

needs. neatly absorbed by the latter or deflected away from 

This fact can be observed in countless individual* uranium nuclei, 
instances. Here, too, a far-reaching division of la- A specific computation has shown that the amount 
bor has proved its worth excellently. The first step, of energy released in this manner in a cubic meter 

the moulding of the world picture from its beginnings (35.314 cubic feet) of powdered uranium oxide 

in ordinary experience, is the task of pure science, within one one-hundredth of a second is sufficient to 

The second step, the practical utilization of the sci- lift a weight of one billion metric tons to a height 

entitle world picture, is the task of technology. Both of almost 17 miles. This amount of energy could 

these tasks are equally important, and since either of replace the output of all the big power plants of 

them demands a man's full energy, if an individual the world combined for many years, 

scientist wants to make progress in his work, he must Up to quite recently, u technical utilization of 
concentrate all his energy on one single task and the energy latent in the nuclei of atoms might have 

for the tune being forget completely other problems appeared as a utopian dream. But it was made 

and interests. For this reason, never reproach the a reality about 1942, by the impressive collaboration 

scholar too harshly for his other-worldlinesB and his of British and American scientists with American in- 

indifference to important problems of human society, dustry, backed by huge government subsidies. At 

Without such a ono-Bided attitude, Heinrich Hertz the present moment, several uranium piles are oper* 

could never have discovered radio waves, or Robert ating hi America, and the heat continually pro- 

Koch the tubercle bacillus. These gifts of pure scien- duced by them is sufficient to raise the temperature 

tiftc research to practical life have their counterparts of the Victoria River in the state of Washington 

in the manifold stimuli and intelligent assistance which by 1 degree Centigrade. • So far as the reports dis- 

scienCe receives from technology, a fact that is be- close, these vast amounts of energy are still unused, 

coming progressively more manifest in our day and Right now, the problem is to get rid of them in a 

whose importance cannot be assessed too highly. harmless way. But these same piles furnish also the 
I feel I must discuss here a little more closely, by raw. nmterials for the -atomic 

way of an example, a very recent and very impres- amount* : <&t- t$fe nueliNir energy of the atom are liber* 

sive case of the often quite unsuspected close inter- ated within a fraction q£ a seeond, producmg cxplo- 

relation of science and technology. For a grttet ^ 

number of years, only men of pure acience were m- ical exploaives fades into insigidfi^tnee. Ko words 
; tcreated^ih'^c^Aisti^ fa<te of atomic trai^oriuft- ^ 




September AO, 1949, Vat 110 SCXB&CE 827 


self-extermination which threatens the entire human 
raee, should a future war bring about the use of a 
large number of such bombs. Human imagination is 
incapable of conceiving the possible consequences. 
A particularly eloquent and forceful plea for peace is 
the memory of the 80,000 dead of Hiroshima and 
the 40,000 dead of Nagasaki, a plea addressed to all 
nations, and especially to their responsible leaders. 

In view of these facts, perhaps many who have lost 
the art of wondering may feel disposed to learn it 
anew. And in fact, compared with immeasurably 
rich, ever young nature, advanced as man may be in 
scientific knowledge and insight, he must forever re¬ 
main the wondering child and must constantly be 
prepared for new surprises. 

Thus we see ourselves governed all through life 
by a higher power, whose nature we shall never be able 
to define from the viewpoint of exact science. Yet, 
no one who thinks can ignore it. A thinking human 
being, who has not only scientific but also metaphysi¬ 
cal interests, must choose one of two possible atti¬ 
tudes: either fear and hostile resistance or rever¬ 
ence and trusting devotion* If wc reflect on all the 
unspeakable suffering and incessant destruction of 
life and property which have plagued mankind since 
time immemorial, we may be tempted to agree with 
the pessimistic philosophers who consider life worth¬ 
less and deny the possibility of permanent progress, 
of a betterment of mankind, and who profess instead 
that it is the fate of every human civilization to turn 
blindly against itself as soon as it reaches a certain 
peak, and to destroy itself without sense or purpose, 

May exact science be cited as an evidence of such 
a far-reaching view? The answer must be “No,” jf 


for no other reason than because science is not quali¬ 
fied to decide the question. From the scientific point 
of view, one might just as well, and perhaps with 
even more justification, endorse the opposite opinion, 
It would require merely an extension of the range 
of observation, a thinking not in terms of centuries 
but of many millennia. Or is there anybody who 
would seriously deny that during the past one hundred 
thousand years Homo sapiens has made progress and 
has improved himselff Why should this progress 
not continue further—if not in a straight line, then 
at least in waves? 

Of course, such considerations, such a long range 
view, are no help to the individual. They cannot 
bring him succor in his hour of need or cure his 
pain. The individual has no alternative but to fight 
bravely in the battle of life, and to bow in silent 
surrender to the will of a higher power which rules 
over him. For no man is born with a legal claim to 
happiness, success, and prosperity in life. We must 
therefore accept every favorable decision of provi¬ 
dence, each single hour of happiness, as an unearned 
gift, one that imposes an obligation. The only thing 
that we may claim for our own with absolute as¬ 
surance, the greatest good that no power in the world 
can take from us, and one that can give us more 
permanent happiness than anything else, is integrity 
of soul, which manifests itself in,a conscientious per¬ 
formance of one’s duty. And he whom good fortune 
has permitted to cooperate in the erection of the 
edifice of exact science will find his satisfaction and 
inner happiness, with our great German poet, in the 
knowledge that he has explored the cxplorable and 
quietly venerates the inexplorable. 


This chapter k taken from the forthcoming book Scientific auto* 
biography and other papers by the late Max Planck, to be published 
by iho Philosophical Library on October 17. 
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TECHNICS 

Preparation of Radioautographs of Tissues 
without Loss of Water-Soluble P 38 

Margaret W, Holt , 1 RumcU F. Cowing, 
and Shields Warren 2 

New England Deaconess Hospital, and Harvard Cancer 
Commission , Boston, Massachusetts 

A study of techniques for use in preparation of radio- 
autographs with animal tissues which contain radioactive 
elements in water-soluble form has been made. Conven¬ 
tional histological methods of fixation, cutting, and 
mounting the tissue result in the loss of a large fraction 
of the radioactive clement before the tissue section is 
ready for exposure to the photographic emulsion, A 
recent investigation (S) presents evidence which indicates 
that essentially all of the P M remaining in animal tissues 
that have been handled by the usual methods is that 
which has been incorporated in the tissue as newly formed 
nucleic acids. However, 2 hr after the administration 
of labeled phosphate to a mature rat the amount of the 
phosphate that is present as deeoxyribosenucleic acid 
represents only 0.14% in the liver and 4,81% in the in¬ 
testinal mucosa of the total inorganic phosphorus incor¬ 
porated in these organs (1). The present investigation 
describes procedures which make it possible to use the 
radioautographic technique for a more complete study of 
tho distribution of P* in tissues. The objective of the 
study has been to devise simple methods to prepare the 
tissue section and mount it on the photographic emulsion 
without encountering any appreciable loss, or shift in 
distribution, of the radioactive element. 

A recent report by Russel, Sanders, and Bishop (3) 
describes the use of a freezing substitution technique to 
study the distribution of P® in plant tissues. In this 
technique the tissue is frozen at -170 * C and then trans¬ 
ferred to absolute alcohol saturated with basic lead ace¬ 
tate to precipitate the phosphate in situ as lead salt dur¬ 
ing dehydration. While this technique is reported by 
these investigators to give good results for plant tissues, 
a somewhat similar technique employed by us with animal 
tissues has failed to give entirely satisfactory results. 
Rat tissues were fixed in alcohol-formalin which was sat¬ 
urated with basic load acetate; this was followed by 
dehydration with the usual alcohol series, each Alcohol 
solution-being saturated with basic lead acetate. Meas¬ 
urements of these solutions for radioactivity showed that 
very little was lost from the tissue; however, stained sec- 

1 Atomic Energy Cotumltshw Postdoctoral Research Fellow 
iu the Biological Sciences. 

* This work Was done under contract from the Office of 
Naval Research: and the Atomic Energy Ctimrolaskui. The 
authors wish to express their appreciation to Mrs. Kathryn 
Haley for her assistance. 
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Fio. 1. Stained seel Ions (ft, b f c ) und corresponding 
rndloftutogr&phs (a', b', c') of these sections from three ad¬ 
jacent pieces of the liver of a rat injected with P«; the three 
sections were fixed and dehydrated by methods A. B t and C 
respectively as described in the text, (Enlarged approxi¬ 
mately 4 x.) 

tions and rndioautographs indicated that the phosphate 
was being precipitated around the periphery of the tissue, 
which also hardened and became difficult to cut. Freez¬ 
ing before treatment with a lead salt was not tried. 

A freezing and vacuum dehydration technique (method 
A) for preparing tissues containing P* was tried and 
the resulting radioautographs have been compared with 
those obtained from tissues prepared by two other meth¬ 
ods/ Fig. 1 shows radioautographs and stainod sections 
made from adjacent pieces of the liver of a 06-g rat 
which had been injected subcutaneously with 0.75 me of 
carrier-free F w 2 hr before sacrifice. The section shown 
in Fig. la was prepared by method A, which consists of 
immersion of the tissue in isopentane cooled to -170* C, 
followed by vacuum dehydration. Following freezing the 
tissue was kept at -70° C under a pressure of 0.1 mm 
Hg for a period of about 43 hr; the tissue was then al¬ 
lowed to come slowly to room temperature in the vacuum, 
Infiltration of the tissue was accomplished by placing it 
in liquid paraffin at 40* C under a pressure of 20 mm Hg 
for 2 hr. The histological results obtained with this 
procedure were good and were reproducible, the section 
shown in Pig* lb Was prepared by method B with the 
following series: alcohol-formalin (9:1), 2 hr; 95% al¬ 
cohol, 1 hr; absolute alcohol, 1 hr; absolute alcohol-xylol 
(it l), 1 htf eedarwood oU, 1 hr; cedarwood oil* over- 

* Radioactive phosphorus supplied hg the Osh Ridge Ra¬ 
tional Laboratory and obtained on allocation hem the tf. fi. 
Atomic Energy Commission.' . , 1 
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Fhj, IS. Rad loan tographe of two ru<h^n«Ivo section* of 
nit liver cut from the same block and exposed slmultnne- 
otudy ; a differs from b lit having no contact with water dur- 
Ing the procedure of mounting the tissue on the Blidc. (En¬ 
larged approximately 4x.) 

night; clearing in xylol and embedding in paraffin. The 
series (method 0) used for the section shown in Fig. lc 
was as follows: alcohol-formal in (9:1), 2 hr; three 
changes of dioxane (2 hr, 1 hr, 1 hr); followed by the 
usual paraffin infiltration and embedding. The method 
of cutting and mounting sections from paraffin blocks 
was the same with all three sections shown in Fig. 1 and 
Will be described. All three sections were mounted on 
the same slide and the slide was used for making the 
radioautographs, which are also shown in Fig. 1 (a', b', 
and <*/). The exposure was made by clamping the slide 
against the emulsion of an Kastman Kodak NTB3 Nu¬ 
clear Track Plate. The exposure time was 48 hr and 
was started 14 days after the injection of tho animal. 
This newly developed emulsion is very satisfactory for 
obtaining radioautographs with P" because of itB high 
sensitivity to high energy beta particles. It can be seen 
that the amount of P M retained by tho tissue, as judged 
by the radioautographs, is not markedly different in the 
three methods of fixation and dehydration. However, 
measurements were made of radioactivity present in the 
solutions used in preparing tissues by method B and it 
was found that roughly 25% of tho activity present in 
the tissue was lost to the solutions. This loss was less 
for method C (i.o., dioxane is preferable to the use of 
alcohols for dehydration), and in method A (the freeling 
and vacuum dehydration technique) no loss was possible. 
These three methods were chosen specifically to minimize 
the loss of P*. While no data are available, the use of 
other methods (in particular tho use of acid fixatives or 
prolonged periods of contact with solutions) would prob- 
ahly result in greater loss. 

The method of cutting and mounting the sections was 
found to be very important. It is again desirable to 
avoid, if possible, contact with all solutions which will 
extract the P* This has been accomplished as follows: 
Tho sections ate cut at the usual thickness of about 8 p. 
Before cutting each section, the surface of the block is 
coated with a thin layer of melted paraffin* After this 
bus cooled for a few seconds the section is cut; allowing 
the proper cooling time will avoid compression of the 
paraffin or curling, which occurs if the time is either too 
■ asr.lcn^' ./'TW|* °* paraffin serves as a 

backing for the section and lip* avoided the difficulties 
with curling and folding of the Motion which occur with 


a 8-ji section which 1ms no backing and has not been 
floated on water for flattening. The section may then 
be mounted directly on a slide and the paraffin removed 
with xylol or not, as desired. The sections shown in Fig. 
1 and in Fig. 2 were cut and mounted in this way on 
slides coated with a small amount of ogg albumen; the 
slides wore placed in the oven (40° C) for a few minutes 
before removal of the paraffin with xylol. In order to 
avoid the possibility of chemical action of the tissue on 
the emulsion, a thin piece of cellophane was placed be¬ 
tween tho tissue and the emulsion before they were 
clumped together. Fig. 2 shows radionutographs ob¬ 
tained from two successive sections cut from the same 
block of frozen, dehydrated liver and exposed simultane¬ 
ously to the same plate (this was also a. 48-hr exposure 
to an NTB3 emulsion). The two sections wore different 
only in the following respect: after cutting, section 2b 
was placed on a dish of water with the tissue in contact 
with the water surface for a period of time judged to be 
similar to that used in the regular procedure when the 
ribbon is floated on water before mounting. The marked 
difference in the density of the radionutographs in Fig. 
2a and 2l> demonstrates the loss of u large fraction of 
the P 1 ** by floating the section on water. 
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On the Relationship of Blood Group A to Rh 
Immunization and the Occurrence of 
Hemolytic Disease of the Newborn 

S. P. Lucia, Marjorie L. Hunt, and John C, Talbot 

Division of Medicine, Subdivision of Preventive Medicine, 
University of California Medical School , San Prancisco 

In the eourse of an analysis of immunological data 
collected from 11,649 pregnant women during the years 
1943-1948 inclusive, there was observed a larger number 
than expected of individuals of blood group A among the 
sensitized Rh-negative women who bore infanta afflicted 
with hemolytic disease of the newborn. The question was 
then raised as to whether a relationship could be estab¬ 
lished between the presence of group A in tho red blood 
corpuscles and an increased incidence of response to im¬ 
munization on the part of an Rh-negative woman bearing 
an Rh-positive fetus; and secondly, whether the presence 
or absence of hemolytic disease of the newborn could in 
part be related to the ABO blood group of the Bh-positive 
infant. 

The ABO Wood group frequencies of the sensitized Rh- 
negative women and their offspring Were compared with 
the distribution of ABO blood groups in a random sample 
of the population of this area. In order to determine 
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whether the four ABO blood group frequencies in the 
category of sensitized Rh-negative women showed statis¬ 
tically significant variations from the normal blood group 
frequencies, the data were submitted to the chi-square 


quend.es, no statistically significant differences were ob¬ 
served. However, in the sample of Rh-positive normal 
infants there is a suggestive decrease in group A (39.9%) 
and an increased incidence of blood group 0 (53.2%) 


TABLE 1 

ABO Blood-Ouoijf FhkOuencibs in Sensitized Rh-Nsgativb Women and their Ofitsckino Ahuaved Acco&dino to the 

Clinical Condition or th* Child 


Categories 


Rh poNltive, 
hemolytic disease 
of newborn 


1th positive, 
normal child 


Rtf negative, 
normal Child 


Totals and 
average % 


ABO blood group 
in random sample 
of population 



n « 


124 

78 

26 . 

228 | 

5175 

■ 


n 

% 

n % 

n % 

TI % 



O 

43 

34.7 

36 

46.2 

11 

42,3 

00 39,5 

44.8% 

Sensitized Ith-negative 

A 

00 

53.2 

32 

4M 

10 

38.5 

108 47.4 

39.7% 

women 

ti 

It 

8.0 

7 

8.9 

4 

13.4 

22 9,6 

11.3% 


AB 

4 

3.2 

3 

3.8 

1 

3.8 

8 3.5 

4.2% 


X 3 “ 


9.53 

0.46 

0.47 

5.64 



p « 

0.03-0.02 

O.05-O.9Q 

0.95-0.00 

‘ 0.20-4). 10 



n 


1)7 

77 

20 

200 




n 

% 

n % 

n % 

n % 



O 

50 

31.5 

41 

53.2 

0 

23.1 

97 48.5 


Children of sensitized 

A 

30 

40.3 

23 

29.9 

14 

53.8 

76 38.0 


Hh-negativo women 

B 

7 

7.2 

12 

15.6 

4 

15.4 

23 U.5 



AB 

1 

1.0 

1 

1.3 

2 

7.7 

4 2.0 



X 3 * 


4.72 

5.87 

5.19 

3.07 



V * 

0.20-0.10 

0.20-0.10 

0,20-0.10 

0.50-0.30 



* The differences in numbers of sensitized Uh-negative women and children born to them arc due-to lack of Information 
concerning the ABO groups of 28 Infants. 


test and the resultant values are listed with the prob¬ 
abilities of their occurrence by chance alone (Table 1). 
The magnitude of increase of blood group A subjects 
among sensitized Rh-negative women who bore afflicted 
infanta is one whieh might be expected to occur by chance 
alone only twice or thrice in 100 similar samples. It is 
therefore reasonable to assume that factors other than 
chance may be responsible for the production of this 
deviation. The variations in blood group frequencies 
among sensitized Rh-negative women bearing normal in¬ 
fants (Rh positive or Hh negative) showed no significant 
variation from the normally occurring distribution of 
blood groups. These data demonstrate that proportion¬ 
ately more women of blood group A showed Rh sensitiza¬ 
tion and were delivered of infants suffering from hemo¬ 
lytic disease of the newborn than women of the blood 
groups O, B, or AB. 

Chown ■($) analyzed the blood groups of 46 mothers of 
erythroblastic children and found among them “a sig¬ 
nificantly groater number of Group AB women and a 
significantly smaller number of Group B. ’ * The fre¬ 
quency of group A in his series was normal. Coppell <i) 
found a significantly higher frequency of group A indi¬ 
viduals* among sensitised Rh-negative women. Our data 
differ from those of Cappell in that the significant pre¬ 
ponderance of group A subjects occurs among those 
Rh-negative women who showed laboratory evidence of 
Rh sensitization and gave birth to infants afflicted with 
hemolytic disease of the newborn. 

When the ABO blood group frequencies in the three 
categories of infants were compared with the normal fte- 


individuals among them, although the increase is not 
statistically significant. In the small sample (26) of Rh- 
negative normal infants, a decrease in group O (23.1%) 
and an increase in group A (53.8%) occurs. It may be 
that the sensitized Rh-negative women, who bore the 
latter group of infants, originally formed Rh antibodies 
in response to a previous exposure to Rh-positive blood 
and therefore are to be considered as examples of the 
. ‘ i carry-over 9 * or anamnestic phenomena. The data indi¬ 
cate that an Rh-negative blood group A or B fetus it i 
utero may stimulate an anamnestic rise of Rh antibodies 
in an already sensitized woman more readily than a fetus 
of group O; but this requires further confirmation. 

In summary, in a sample of 228 sensitized Rh-negative 
women, 124 bore children afflicted with hemolytic disease 
of the newborn. Of these 124 women 06 (or 53.2%) be¬ 
longed to blood group A, The chi-square test on these 
data demonstrate that they are of probable statistical 
significance (p = 0.03-0.02) and the inference may be 
made that this unusual increase in the incidence of blood 
group A mothers is not due to Chance alone. These data 
- Indicate a possible relationship between blood group A 
of the mother and the character of her immune response 
to the Rh factor as antigen.. The infants afflicted with 
hemolytic disease of the newborn showed a normal distri¬ 
bution of ABO blood groups. 
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Strontianite and Witherite Associated with 
Southern Illinois Fluorite 

O. R. Griw« And M. P. Nackowski 

Department of Geology, 

School of Mines and Metallurgy, 

University of Missouri , Rolla 

Strontianite and witherite have been identified in speci¬ 
men# of fluorspar from the Minerva Oil Company Mine 
No. 1, NWJ SIH sec. 24, T. 11 S., R. 9 E., about 5 miles 
north of Oavc-iu-Rock, Hardin County, Illinois. The 
original specimens were collected on October 25, 1948, by 
Charles E. Toth ill, on a senior student trip through the 
mine. These specimens consisted of barrel-shaped mosaic 
aggregates which had been identified as barite. The stu¬ 
dent, impressed by the unusual habit of the tf barite, 1 ' 
brought the specimens to the senior author, who recog¬ 
nized the crystals as witherite twins. Upon request, the 
superintendent of the mine, Mr. Gill Montgomery, fur¬ 
nished additional specimens of the same material. At 
the suggestion of the senior author, the junior author 
visited the mine during the Christmas vacation to study 
the occurrence of the minerals. The complete results of 
his study will be published later. 

The fluorite in the Minerva Oil Company Mine No. 1 
replaces the Downey’s Bluff (Renault) limestone of Up¬ 
per Mississippian, Chester age. The deposit is capped by 
the Bethel sandstone of the same age. Similar replace¬ 
ments in other Chester and Sto. Genevieve limestones are 
found at Oave-in-Rock at Crystal, Davis No. 2, Lead 
Hill, Victory, and other mines east of the PoteTS Cieek 
fault stone in southern Illinois. In answer to a query 
concerning the occurrence of witherite in the Cave-in- 
Rock district, E. A. Brecke stated that early in 1943 he 
had noted the pseudohexagonal twins in the West Green 
Mine of the Ozark-Mahoning Company and had identified 
them as witherite. In this mine, according to Brecke, 
the fluorite replaces the Fredonia limestone and the 
deposit is capped by the overlying Rosi Clare sandstone. 

The principal commercial mineral in the Cave-in Rock 
district is fluorite, but it is accompanied by barite, calcite, 
chalcopyrite, galena, greenockite, quarts, sphalerite, stron¬ 
tianite, and witherite. Although galena is recovered at 
the Ozark-Mahoning mill, only the cadmium-bearing sphal¬ 
erite and th© fluorite are recovered at the Minerva Oil 
Company Mine No. 1. According to Mr. Montgomery, a 
sudden increase in the barium content, of the fluorspar 
concentrate was noted as soon as fluorspar from a new 
atope began to be milled. In this stope the so-called * ' hex- 
agonal barite crystals *' were found. The flotation rea¬ 
gents that previously had been successful in depressing 
the barite were not effective oh this unusual form of 4 4 bar- 
ite,” which floated and Wes concentrated with the fluorite. 
After the barium mineral was correctly identified as with- 
eiltei ihe high barium content of the fluorspar concentrate 
/Awwifl-..jKjhii.-iminr Examination of the 


mine showed that witherite is present in minor amount 
throughout the mine, but in the new stope it ocurs in 
larger crystal aggregates and it ia more abundant than 
elsewhere. Since the discovery of the witherite, adjust¬ 
ment of the mill feed has made possible the maintenance 
of a flotation product that is acceptable to the glnss 
industry. 

The witherite occurs in pseudohexagonal twinned mosaic 
crystals with dense, creamy-white, waxy-lustered cores 
which are surrounded by nearly colorless, twinned, glassy 
crystals. The twins have a maximum length of 3 in. 
and a width of II in. The dominant forms are the unit 
prism and several dipyramids. The crystals appear to be 
terminated by basal pinacoid faces but closer examina¬ 
tion reveals that the terminal faces belong to a poorly 
developed, nearly flat dipyramid. The pseudohexagonal 
form of the twins is usual for witherite twinned on the 
unit prism, but tbo twins from the Minerva mine are 
unusual in exhibiting not only the usual cyclic twinning 
but also poly synthetic twinning, as well as mosaic struc¬ 
ture. These features are revealed in thin sections ex¬ 
amined in polarized light. The twins are not as simple 
as they appear. Under an ultraviolet lamp the witherite 
exhibits a strong whitish fluorescence and a weak phos¬ 
phorescence. Identification of the mineral was verified by 
qualitative chemical tests, accurate density determina¬ 
tions, and by an X-ray diffraction pattern. Vugs in the 
deposit are lined with witherite, which appears to be an 
alteration product of barite, although not always is it 
directly associated with barite. The barite does show the 
effects of solution and much of it occurs in dull white 
pulverulent masses. In the Ozarks-Mahonlng Mine the 
witherite is corroded. Here it is closer to the surface 
than at the Minerva Oil Company *& mine and it ha# been 
partially dissolved by circulating ground water. 

The strontianite occurs in slightly pinkish bladed grains 
and in brown fibrous aggregates. The brown coloration 
is due to a slight amount of oil associated with the 
mineral. Both forms of strontianite are distinctly radial. 
Crystals of this mineral have not been observed. Identi¬ 
fication was based on chemical tests and upon X«rav 
diffraction patterns. Strontium has not hitherto been 
reported as occurring in this deposit. Strontianite was 
deposited prior to the barium-bearing minerals and after 
the sphalerite and the bulk of the fluorite. 

A preliminary study indicates that the order of crystal¬ 
lisation of the minerals at the Minerva Oil Company Mine 
No. I is ; fluorite, sphalerite, calcite, barite, strontianite, 
witherite, fluoride, quarts, and calcite, with chalcopyrite 
being deposited contemporaneously with witherite and 
with both the early and the late fluorite. Although a little 
galena does occur at this property its exact mineral re¬ 
lationships could not be determined from the specimens 
collected by the writers. Additional studies are being 
made to work out the paragenesis in greater detail. The 
search for witherite and strontianite has been extended 
to other mines in the Cave-in-Boek district and to the 
vela deposits at Bosidare, but to date additional occur¬ 
rences have not been found. 
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Grignard Coupling at High Temperatures 

Araos Turk, Marvin P. Zimmerman, and Robert Mavis 

Department of Chemistry , City College of New York, 

New York City 

The reaction 2tfX + Mg —> MgA' g + M-M, in ether solu¬ 
tion, occurs readily when H is an allylic group (1), to a 
small extent when H is alkyl (1), and apparently not at 
nil when if is vinyl or a substituted vinyl group (£). 

A method has been used which increases the yield of 
such reactions. The pure halide vapor is passed through 
n tube of magnesium turnings at tomporatures over 
250° C r in a helium atmosphere. Yields of 10% of octane 
are obtainable from one pass of u-butyl bromide at 
330° C, at a rate of 3 ml/min through a tube of mag- 
ncsium 18 nun in diam and 80 cm long. Unused halide 
may bo recovered by distillation. The magnesium bro¬ 
mide {or chloride) forms a porous film on the magnesium 
and does not prevent it from reacting until it is sub¬ 
stantially consumed. 

When a vinyl halide (1ehloro-2-methyl-1 -propone) was 
passed over magnesium in helium at 340° C, and the 
product distilled, u drift in physical properties at the 
end of tho distillation indicated the presence of small 
amounts of octenes, but no identified product other than 
the starting material was isolated. 
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The Preparation of Formaldehyde-C 141 

A. Runell Jones and Walter J. Skraba 

Oak Ridge National Laboratory, Oak Ridge, Tennessee 

No satisfactory preparative method for formalde¬ 
hyde-0 14 has been reported. The production of this im¬ 
portant intermediate has now been accomplished by an 
adaptation of the formaldehyde synthesis of Henry (i) 
and of Michael (#). Vacuum line technique waa used. 

Methyl-C 14 acetate was prepared by reaction of metha- 
nol-C u («?) with acetyl chloride. The monochlorination 
of methyl acetate to produce chloromethyl acetate, indi¬ 
cated by Henry to be favored by moderate temperatures, 
was performed in the present case by allowing a frozen 
equimolar mixture of chlorine and methyl-C 14 acetate to 
warm to room temperature. The product, chloro- 
methyl-C" acetate, a moth vie nating agent (£), was 
readily hydrolysed with excess water to produce a for¬ 
malin solution of any desired concentration containing 
acetic and hydrochloric acids. Vacuum distillation of 
this solution gave para-formaldehyde as a residue and a 
more dilute formaldehyde solution as the distillate. 

*Thls document Is based <m work performed uaderOon- 
tract Number W-7406 eng 26 for the Atomic Bsergy project 
at flak Ridge N At lone 1 Laboratory. 


The yield of formaldehyde solution from methanol was 
consistently about 00%, analyzed by precipitation of thff 
dimedone derivative. The specific activity of formalde- 
hyde-O^-dimcdone prepared by this procedure from 
mcthanol“C J4 (12.00 jic/millimole) was 12.18 pc/millimole 
as determined by dry combustion and ion-current meas¬ 
urement by means of a vibrating reed electrometer ( 4 ). 

Shifty millicuries of neutral formaldehyde solution of 
specific gravity 250 pc/milliraole have been prepared by 
dilution of the hydrolysis solution with carrier formalin, 
neutralization, and distillation at atmospheric pressure. 

Studies are in progress involving) the chlorination of 
the methyl esters of other acids and use of forinalde- 
hyde-C u and chloromethyl-O 11 acetate as synthetic inter¬ 
mediates. 
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Determination of the Fate of Calcium 
in the Laying Hen by Means of 
Radiocalcium (Ca 4 ®) 1 

J. W. T. Spink., M. R. Berlia, and J. J». O'Nail 2 
University of Saskatchewan, Saskatoon, Cassada 

Calcium metabolism in the laying hen can be studied 
with the aid of Ca<», A direct approach to this problem 
is to replace the limestone powder in the mash by CaCO„ 
containing Ca 4B (1). In a typical experiment a hen 
(“A”) was fed 1.71 g CaCO s with a Ga a activity of 
approximately 2 x 10* cpm. The calcium in the eggs and 
droppings was separated in the usual way as CaC*0« and 
its activity determined by means of a thin window Geiger 
counter. Corrections for decay and self-absorption were 
made. Total calcium was determined. The percentages 
of Ca 4 *, which are also the percentages of active CaCOs, 
appearing in different parts of successive eggs are shown 
in Fig. 1. 

The close similarity of this curve with that reported by 
Comar and Driggers (#), who administered 1 mg of 
radioactive calcium as a solution of the chloride to the 
lower esophagus of a fasted bird, is worthy of note, the 
recovery of calcium was at a maximum (39%) in the 
shell of the second egg and decreased very rapidly in the 
shells of later eggs. This is in agreement with the well- 
known fact that the shell is laid down in about 20 hr of 
oviposition. Fig. 2 shows the percent uptake of Oa« in 
the shell, white, and yolk. The histogramforthoToikis 

vpaper given at a meeting of the Chemical Institute of 
Canada at Rsskstoon on October 9, 1943. 

* We are indebted th the National Research Council of 
Canada for financial assistance. 
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Fig. 1. Percentage of Ca u , fed as a single (lose of radio¬ 
active CaCOi, appearing In aucceaalve eggs. 

of interest, since it is in marked contrast to those for the 
white and the shell but is in good agreement with that 
previously reported for phosphorus uptake (d), A large 
portion (50%) of the calcium was excreted within 48 hr. 

Another bird was then given a daily feed con¬ 

taining 1.7 g of active CaCO„ for 10 consecutive days 
(multiple feeding trial). The results of this trial (Fig. 
3) indicate that the percentage uptake of calcium from a 
given source (in this case active CaCO,) became rela¬ 
tively constant in about 8 days after the first feeding. 



(SO MUMACft 

Fig. 2. Percentage of calcium that cams from the active 
CaCOi, appearing in shell, white, and yolk of successive eggs. 


This is in striking contrast to the 25 days for P« (if) 
but is still in excellent agreement with theory. Since the 
calcium fed in a given day appears in a number of eggs, 
itfollOws that the calcium in any give® egg comes from 
the calcium fed on many dittermit days. Thus, the recov¬ 
ery of calcium (expressed as a percentage of the daily 
calcium fed) in successive eggs In a multiple feeding ex- 



Fuj. 3. Percentage of dally feed of calcium appearing in 
Micceaulve eggs lu multiple feeding trial; theoretical curve 
(lien “A"), experimental curve (hen 

perimeht. is a summation of the recoveries in successive 
single fording experiments (see Fig. 3, hen tf A"). 
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Serologic Relationships of Mumps and 
Newcastle Disease 

Erwin Jungherr, Roy E. Luginbuhl, and Lawrence Kilham 

Department of Animal Diseases, 

University of Connecticut , Sforri, and 
Department of epidemiology, 

Harvard School of Psshlic Health , Boston 

The presence of neutralizing and antiheraagglutinating 
factors against Newcastle disease virus (NDV) in half 
of patients convalescing from mumps suggests a possible 
relationship between the two viral agents. These cross* 
reacting factors were first observed in the course of an 
outbreak of mild meningo-encephalitis, suggestive of New¬ 
castle disease because the epidomiologic and clinical find¬ 
ings fitted descriptions by Howitt et at . (4) of a disease 
in man which led to the formation of NDV neutralising 
antibodies. Paired sera from cases of mild meningo¬ 
encephalitis showed little or no rise of neutralising capac¬ 
ity against NDV, but a few pairs of mumps sera included 
as controls exhibited a sharp rise against this virus* Ac¬ 
cordingly mumps sera were further investigated. Neutral¬ 
isation tests and calculation of neutralisation indices wore 
made by methods similar to those described by Hewitt 
et ol. (d), with few modifications. The Califoritia strain 
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No, 11,914 of NDV was employed throughout. Twenty- 
two mumps patients were studied, along with S3 control 
patients, 17 from the outbreak of mild meningoencepha¬ 
litis, and 0 having a clinical diagnosis of nonparalytic 
poliomyelitis. Thirteen of the mumps patients developed 
neutralisation indices over 250, ten haring indices of 
1,000 and above, whereas only three of the sera from 
control patients allowed neutralization indices over 250 
and none went over 800. Antihem agglutination tests with 
mumps sera against N1>V likewise demonstrated serologic 
relationships. Seven of 20 pairs of heat-inactivated 
mumps sera showed 4-to-64-fold rise of titer between the 
acute and convalescent phases. Four others showed titers 
of 1: 64-1: 250 in convalescent phase sera, titers well 
above those encountered in 20 pairs of sera from the con¬ 
trol group of patients, none of which showed a rise of 
antihemagglutinating capacity against NDV. 

The diagnosis of mumps in the patients studied has 
been considered elsewhere (0, 9). In addition to confirm¬ 
atory epidemiologic and clinical findings, all of the pa¬ 
tients showed evidence of recent mumps infection by com¬ 
plement fixation or by antihemagglutination tests, using 
the Enders straiu of mumps virus. Mumps virus was 
isolated from the saliva or spinal fluid of 11 patients, 

The positive results obtained in two types of serological 
tests against NDV in the sera of patients experiencing 
infection with mumps virus suggests that a diagnosis of 
Newcastle disease in humans should be made with caution, 
especially in the absence of virus isolation. Only five 
cases of human infection with NDV (1, 8, 6), all having 


mild conjunctivitis, have been known to be so confirmed. 
The presence of neutralising and antihemagglutinating 
factors against NDV in convalescent phase mumps sera 
is difficult to interpret. The reactions may be due to non¬ 
specific serum factors arising as result of infection rather 
than to specific antibodies. If the factors are actually 
antibodies, their presence would support the hypothesis 
that NDV and mumps virus are closely related. Burnet 
{$) presented evidence for this in his work on re¬ 
ceptor gradients. Kilham (7) has recently shown that 
NDV has a hemolytic activity closely resembling thirt 
demonstrated by Morgan, Enders, pud Wagley ($) for 
the mumps virus. A more complete presentation of the 
data in this paper is in course of preparation. Further 
studies are needed to elucidate the full meaning of sero¬ 
logic and other relationships which appear to exist be¬ 
tween NDV and mumps virus. 
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Comments and 
Communications 

Method for Isolation of Actinomyces Israeli from 

Dento-Bacterial Plaque 1 

The dento-bacterial plaque is a minute mass of salivary 
debris and bacterial cells firmly attached to inaccessible 
tooth surfaces. The association of the plaque with the 
initial lesion of dental caries has been firmly established 
(Diets, F. H. I. I). Res., 1943, 22, 423; Stephan, R. M. 
J.A.V.A., 1940, 27, 218). A microsectional study (Bn- 
never, J., Robinson, K. B. G., and Kitehin, P. C. /, D. 
Res., 1948, 27, 599 ) of the bacterial plaque has shown 
that bizarre, elongated, apparently branched, Gram-posi¬ 
tive rods make up a large portion of the plaque stroma. 
As a result of this morphologic suggestion, a study was 
undertaken to determine whether Aciimmyees Israeli is 
a consistent component of the plaque flora, 

After repeated trials it became apparent that uniform 

'This study from the Ohio State University, College of 
Deatttfcry, and Research Foundation, Columbus, Ohio, Was 
the Proctor and Gamble Company, 


recovery of A . Israeli from plaque material was not pos¬ 
sible by the method of Bosebury, Epps, and Clark (*T. Inf. 
Vis., 1944, 34, 131), even though their method affords 
an excellent means of cultivating the organisms from 
gingival scrapings, actinomycotic pus and other contami¬ 
nated sources. It was felt that the sporadic isolations of 
A* Israeli from the plaque centered about the physical 
difficulty of inoculating the culture medium. The follow¬ 
ing modifications of the Bosebury, Epps, and dark 
method were instituted aud have given consistently suc¬ 
cessful isolation of A. israeti from the dento-bacterial 
plaque. 

The plaque mass, grown in the mouth on a tooth-bear¬ 
ing removable appliance, was removed with a -sterile, 
hooked blade and placed in a micromortar containing 
U.05 ml of autoclaved saline with Triton A-2Q at I; 200, 
A r coarse suspension was prepared by trituration with a 
■ small, sterile glass pestle for several minutes. One visible 
granule was transferred by means of a capillary pipette 
to brain-heart infusion agar, streaked, and the prepara¬ 
tion incubated anaerobically in an atmosphere of 5% 
CO a for six days. 

Fifteen attempts to isolate A. Israeli from this source 
have been uniformly sueeessftil. Care, however, must be 
exercised in seeding thi viefl^ It is imperative 

that only a snmU quantUy of the eaUue diluent iwi?iBn|wuiy 

intredneed or the 
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culture medium, the easily emulsified portions of the 
plaque flora, present in the liquid, outgrow and obscure 
the A. ittradi. 

Studies of tho occurrence of Actinomyces israeli in a 
large series of deuto-bacterial plaques are in progress, 

J.Enneveb, Hamilton B. G. Robinson, 
and Paul C. Kitchin 

2"fie Ohio State V ni versify 

Statement on Visa Action 

Seventy-nine scientists attending the Fourteenth Cold 
Spring Harbor Symposium on Quantitative Biology in 
June signed the following statement: 

M W<>, the undersigned scientists, in attendance at a 
Symposium on Amino Acids and Proteins at the Biologi- 
cal Laboratory, Cold Spring Harbor, June 8 to 16, 1949, 
desire to protest the action of the United States authori¬ 
ties in refusing a visa to our British colleague, Dr. R. L. 
M. Synge. A presumptive political affiliation has been 
given as a reason for the refusal to allow l)r. Synge to 
attend this scientific conference, which has no political 
implications. This regrettable action has deprivod the 
symposium of the scientific judgment of an exceedingly 
able worker, and thus has done disservice to the progress 
of science in this country. Furthermore, we sincerely 


believe that it is in the national, interest to permit scien¬ 
tists such as Dr. Synge to visit the United States. 

Resolved, That this statement be sent to the President 
of the United States, and copies to the Secretary of State, 
the Attorney General, the Chairmen of the House and 
Senate Committees on Foreign Relations, the President 
of the National Academy of Sciences, the National Re¬ 
search Council, and Science.** 

Scientists attending the. symposium were shocked by 
the refusal of the Department of State to grant a visa 
to Dr. Synge, since he is not a communist, but a man of 
liberal views and not active in politics. They were also 
disturbed by the discourteous treatment shown this promi¬ 
nent British colleague by American officials. Dr. Synge 
applied for a visa in March, at the American consulate 
in Edinburgh; and even though he was assured that a 
prompt answer to his application would be forthcoming, 
he never received an official notification of the decision 
to refuse it. After repeated requests for a decision, the 
director of the Biological Laboratory was informed by 
the Visa Division of the Department of State of the re¬ 
fusal to grant a visa only seven days before the beginning 
of the symposium. 

M. Demerec 

Long Island Biological Association 


NE1VS 
and Notes 

Max S. Dunn, professor of chem¬ 
istry at the University of California 
at Los Angeles, has been named fac¬ 
ulty research lecturer for 1949-50. 
Dr. Dunn was selected in recognition 
of his contribution to the develop¬ 
ment and application of microbio¬ 
logical methods for the quantitative 
estimation of amino acids. 

L. Q. M. Bans Becking, deputy 
chairman of the South Pacific Com¬ 
mission Research Council, has been 
named chairman of the Committee on 
Botanical Stations of Hie Interna¬ 
tional Union of Biological Sciences. 

Gordon Ferric Hull; Jr., professor 
of physics at Pgrinwuth College, has 
received a leave of absence to study 
European developments in physios 
for the Office of Naval Research. 
Dr. Hull will also deliver lectures oh 
nescarch whlch he has 'b 60 d : ; «ondtiet-. 

wifi have his 


headquarters at the U. 8. Embassy 
in London. 

Louis N. Katz, director of cardio¬ 
vascular research at the Michael 
Reese Hospital, Chicago, will deliver 
the 12th Annual Louis Gross Memo¬ 
rial Lecture, October 26 at the 
Jewish General Hospital in Montreal, 
Canada, Dr. Katz' subject will be 
* * Clinical Electrocardiography — Its 
Present Position and Possible Po¬ 
tentialities. M 

David G. Mandelbaum, professor 
of anthropology at the University of 
California* has begun a series of 
studies of the Kotos, inhabitants of 
the Nilgiri hills of South India. Dr. 
Mandelbaum will visit Delhi, Bom¬ 
bay, Madras, and Calcutta. His work 
will be made possible by a Guggen¬ 
heim fellowship and grants from the 
Social Science Research Council and 
th© university’s Rockefeller Commit¬ 
tee on Far Eastern Studies, 

Gordon R. Willey, acting director 
of the Institute of Social Anthropol¬ 
ogy of the Smithsonian Institution, 
has been appointed Bowditch Profes¬ 
sor of 'Central American and Mexican 
Archaeology and Ethnology of the 
Peabody Museum, Harvard Univer¬ 
sity, effective July 1, 1950. Profes¬ 


sor Willey is the first holder of the 
Bowditch professorship. 

Richard W. Cook, who has been 
acting manager of the Atomic En¬ 
ergy Commission's operations at Oak 
Ridge, has been appointed manager. 
Mr. Cook succeeds J. C. Franklin, 
who resigned in Juno. 

John L. Brooks, assistant profes¬ 
sor of zoology at Yale University, has 
just returned from Burma. While 
serving as visiting professor of zool¬ 
ogy at Rangoon University during 
th© academic year 1948-49, Dr. 
Brooks organized a research program 
in freshwater biology. 

Lynn S. Beedle, research engineer 
for the Department of Civil Engi¬ 
neering at Lehigh University, will 
spend three months at Cambridge 
University coordinating liaison on 
studies being made at the two uni¬ 
versities on the strength of welded 
steel frames and their components. 
The trip k sponsored by the Welding 
Research Council and the Office of 
Nava] Research, in cooperation with 
the American Institute of Steel Com 
struetfon, the American Iron and 
Steel Institute; and the X<ehiigh Uni¬ 
versity Institute of Researob. 



aae 


Visitors to U. S. 

Sir John L. Simonson, British 
chemist, and director of Great Brit¬ 
ain's Colonial Products Research 
Council, arrived in New York City 
September 16. Sir John addressed 
the American Chemical Society's Di¬ 
vision of Organic Chemistry at the 
Atlantic City meeting and received 
the new $1,000 Fritzsehe award for 
his research in essential oils. 

( Etienne Wolff, professor of zool¬ 
ogy and experimental embryology at 
the University of Strasbourg, France, 
is spending several mouths visiting 
the laboratories of experimental em¬ 
bryology at a number of colleges and 
universities, including Yale, Con¬ 
necticut, Chicago, Amherst, Johns 
Hopkins, and Washington Univer¬ 
sity at St. Louis. 

Visitors at the National Bureau of 
Standards during the week of Sep¬ 
tember 12 included Olli Ant-Wuo- 
rinen, director, Chemical Laboratory, 
State Institute for Technical Re¬ 
search, Helsingfors; g. S. Bhat- 
nagtr, director, Indian Scientific Re¬ 
search Office, New Delhi; W. P. 
Fletcher, British Rubber Producers' 
Association, England; L. C. Jack- 
son, Department of Physics, Univer¬ 
sity of Bristol, England; Halvor 
Nordbo, of the Agricultural College 
of Norway; Hugh C. Simpson and 
Hugh Thompson, both of the Im¬ 
perial Chemical Industries I Ad., 
England. 

Grants and Awards 

The Oak Ridge Institute of Nu¬ 
clear Studies has granted research 
h wards to Alfred Brauer, professor 
of mathematics at the University of 
North Curolina, Walter (lardy, asso¬ 
ciate professor of physics at Duke 
University, and Alien T. Gwathmey, 
associate professor of chemistry at 
the University of Virginia. The 
awards were presented for “signifi¬ 
cant contributions to science in the 
South.” 

The Society for Pediatric Re¬ 
search has announced that during the 
academic year l»48~49, seven Mead 
Johnson Fellows were appointed and 
have completed a year's postgradu- 
5Che eeven feMews and the 
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institutions at which they him* 
worked are: Fabio do Amaral, 
Brasil, Children 'a Orthopedic Hospi¬ 
tal, Seattle, Washington; Hsu Han- 
kuang, China, Children's Hospital, 
University of Cincinnati, and the 
Phipps Institute, University of Penn¬ 
sylvania ; Soledad Morales, 

Philippines, Pediatric Department of 
the Bellevue Hospital, New York 
University; M. Vera BuJirman, South 
Africa, Rochester Child Health Proj¬ 
ect, Mayo Clinic; Alfonso Cardenas , 
Colombia, Children’s Hospital, and 
Department of Pediatrics, University 
of Louisville, Kentucky; Eugenia 
Jiosemberg, Argentina, Harriot Lano 
Home, Johns Hopkins Hospital; and 
Jamil Kheder, Iraq, Children's Hos¬ 
pital, Columbus, Ohio. 

The John Scott Award, estab¬ 
lished in 1816 “for ingenious men 
»nd women who made useful inven¬ 
tions,'' was presented this year to 
Frank W. Caldwell, director of re¬ 
search at the United Aircraft Cor¬ 
poration of East Hartford, Con¬ 
necticut. Mr. Caldwell received the 
award for his work in developing the 
controllable pitch propeller. 

Fellowships 

The Marine Biological Labora- 
tory, Woods Hole, Massachusetts, 
through a grant from the Lalor 
Foundation, is offering a limited 
number of postdoctoral fellowships 
In the fields of biochemistry, bio¬ 
physics, and physiological chemistry. 
The fellowships are designed primar¬ 
ily for young scientists desiring to 
work during the summer on investi¬ 
gations for which the opportunities 
provided by the laboratory are par¬ 
ticularly appropriate. The stipend is 
intended to cover laboratory fees, 
travel, and living expenses at Woods 
Hole. Applications should be re¬ 
ceived by Deeember $i. Blanks and 
further information may be secured 
from the director of the Marine Bio¬ 
logical Laboratory, 

The National Heart Institute of 
the U. S. Public Health Service Dm 
inaugurated a wsaeawh training pro- 
gram in enayme chemistry with par¬ 
ticular reference to heart muscle at 
the Institute for Easyme Research 
of the University of Wisconsin. 
Bavii E. Green, professor of<?u- 
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zyiue chemistry, is the program tU- 
roctor. Candidates must possess a* 
Ph.D, ox M.D. degree in order to 
qualify. Stipends for research 
trainees conform to those in effect 
for postdoctorate research fellows of 
the Public Health Service. The 
training program will include full¬ 
time research in some phase of en¬ 
zyme chemistry and a regular series 
of lectures by members of both the 
institute’s staff and other depart¬ 
ments of the university of Wisconsin, 
and by guest lecturers from other 
universities. A trainee can start the 
program anytime between October 
1949 and October 1950. The period 
of traineeship is 12 months; the 
'number is limited to 10 each year and 
may include senior investigators. 
Application forms may be obtained 
from the Institute for Enzyme Re¬ 
search, Madison, Wisconsin. Com¬ 
pleted applications should be sub¬ 
mitted in duplicate to I)r. Green. 

Stanford University has announced 
the establishment of a fund to pro¬ 
vide five fellowships in aeronautical 
engineering. Known as the Milton 
Reynolds-Bill Odom Fellowship 
Fund, it was begun by Milton Reyn¬ 
olds, manufacturer of electronic 
equipment, and has received a sup¬ 
plementary gift from the Chicago 
section of the American Society of 
Mechanical Engineers. 

Meetings and Elections 

The 15th Conference of the In¬ 
ternational Union of Chemistry was 
held at Amsterdam September 6-10, 
under the presidency of N. R. Kruyt. 
Raymond Delaby, of Paris* is the 
general secretary of the union. 

Nearly 300 persons were in attend¬ 
ance, representing most of the thirty 
countries adhering to the union. 
Russia, although adhering to the 
union and represented at the Loudon 
Conference in 1947, did not send dele¬ 
gates, Representation from coun¬ 
tries under Russian influence was 
limited, but not entirely lacking. 
The IT. B. representatives numbered 
16 : W. Albert Noyes, Jr., vice presb 
dent of tho union, Roger Adams, 
Bartow, Ralph Conner, Warren C, 
Johnson, I. M, Kaltheff, J„ Murray 
• ’ Lock, |L F. Mark, H. Nutting, Emit' 
Ott, Austin M. Patterson, JV W. 
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Perry, A, Silverman, E. B. Smith, 
Edward Wichers, and J. H. Yoe. 

The principal administrative body 
of the union ia a council, on which 
each adhering country is represented 
by two, four, or aix delegate*, the 
number being fixed by the extent of 
scientific activity in the country, 
rather than by its size. Thus Switz¬ 
erland has six delegates, as have 
France, Great Britain, Russia, Swe¬ 
den, and the U. 8. 

The work of the union is done by 
20-odd commissions. Membership in 
these commissions is determined pri¬ 
marily by individual interest and sci¬ 
entific competence, rather than by 
geographical considerations. Those 
commissions deal mainly with mut¬ 
ters of international standardization 
in such things as nomenclature, sym¬ 
bols and terminology, atomic weights, 
and physicochemical constants. Cer¬ 
tain commissions promote the stand¬ 
ardization of procedures, both for 
measurements of constants and for 
chemical analysis, and there is an 
important commission on documenta¬ 
tion. The last named commission 
held numerous sessions during the 
week in an effort to assist in main¬ 
taining the Beilstein encyclopedia 
of organic substance8 and the Qmelin 
handbook of inorganic chemistry. 
Both of these, of course, were crip¬ 
pled by the collapse of Gormany. It 
is gratifying to report that BeiUtein 
has a very good prospect of recovery, 
but the reluctant decision with re¬ 
spect to Gindin wus that the annual 
support of $100,000 estimated as re¬ 
quired to continue the present plan 
of operation simply could not be pro¬ 
vided and that a complete editorial 
reorganisation was needed if tins 
important work was not to fail. 

Other commissions worked equally 
seriously, although with less time 
needed to complete their agenda. Al¬ 
together, probably fifty or sixty tech¬ 
nical sessions were held, with results 
that indicate that the union, as re¬ 
organised after the war, has a good 
prospect of worthwhile accomplish¬ 
ment in promoting the science of 
chemistry, not only by eliminating 
sources of misunderstanding and 
confusion, but by positive actions of 
international agreement. In such a 
ibid as nomenclature, for example, 
of the wortt at Am¬ 
sterdam cin hardly be everwthtthted. 


The council voted to resume an 
earlier name, “International Union 
of Pure and Applied Chemistry 
with the object of advertising its in¬ 
terest in technology, as well as pure 
chemistry. It also made plans for 
a sectional organization under such 
general headings as analytical, inor¬ 
ganic, organic, biological, physical, 
and applied chemistry. These plans 
are provisional, pending further 
study during the interval before the 
next general conference, which is to 
he held in New York and Washington 
in September, 1051. At that time 
the union will also sponsor an Inter¬ 
national Congress of Pure and Ap¬ 
plied Chemistry, which is expected 
to attract an attendance of some 
thousands, by reason of the programs 
of scientific papers which will be pre¬ 
sented. 

The excellent reputation of the 
Dutch as hosts for international 
gatherings was fully uphold. A de¬ 
lightful program .of entertainment 
was provided, including a reception 
by the government in the Rijks- 
museum and a concert by the re¬ 
nowned Coneortgchauw Orchestra. 
Arrangements for the reception of 
visitors and for the technical ses¬ 
sions, as well ns for official enter¬ 
tainment, were flawless. 

Edward Wtohrrs 

AAAS Subsection Nd—Dentis¬ 
try, hold three sessions of papers 
dealing with research on growth and 
development of the face, jaws, and 
teeth from the anatomical, anthropo¬ 
logical, biochemical, and physiologi¬ 
cal viewpoints, at the Hotel McAlpin, 
Friday morning, afternoon, and eve¬ 
ning, December *10. All inquiries 
should be addressed to Frances Kras- 
now, 482 East 72nd Street, New York 
City 21. 

The Plant Science Seminar, at 

its recent meeting at the University 
of Wisconsin, elected the following 
officers to serve for the year 1949-50; 
chairman, Elmer L. Hammond, Uni¬ 
versity of Mississippi; first vice 
chairman, Heber W. Youngken, Jr., 
University of Washington; second 
vice chairman, Paul D. Carpenter, 
University of Illinois; secretary, 
Edward P. Claus, University of Pitts¬ 
burgh. J. Allen Reese, University 
of Kansas, and J. Hampton HoCh, 
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Medical College of South Carolina 
were elected to the executive com¬ 
mittee. 

The U. S. Pharmacopoeia! Con¬ 
vention elected Lloyd C. Miller, di¬ 
rector of the Biology Division of the 
Sterling-Win throp Research Insti¬ 
tute, Rensselaer, Now York, as direc 
tor of pharmacopoeia] revision for 
the new decade. Dr. Miller will suc¬ 
ceed E, Fullerton Cook, who has been 
chairman since 1920. 

Deaths 

William J. Rooney, 57, of the 
Department of Terrestrial Magne 
tism, Carnegie Institution of Wash¬ 
ington, died August 11 at Tooele. 
Utah, from injuries incurred in an 
automobile accident. He had been 
conducting special seismic investiga¬ 
tions in California for the past two 
months. Mr. Rooney was considered 
an authority on earth currents and 
resistivity and bad conducted re¬ 
search work in Australia, Guatemala, 
Peru, Spain, and the U. 8. in this 
field. 

Lawrence Edmonds Griffin, 76, 

retired professor of marine biology 
at Reed College, died Sopteinber 12. 
Dr. Griffin was an authority on the 
dogfish shark. 

August Krogh, 76, physiologist, 
died at his home in Copenhagen on 
September 13. Dr. Krogh was best 
known for his investigations of the 
capillaries. He received the Nobel 
Prize in physiology and medicine in 
1920, 

William Sargent Ladd, 02, former 
dean of the Cornell University Medi¬ 
cal College, died of a heart attack 
on September 17. Dr. Ladd was an 
attending physician to the New York 
Hospital, a consultant to the De¬ 
partment of Medicine of the Nassau 
Hospital Association, and a trustee 
of the Memorial Hospital and the 
New York Academy of Medicine, 

Durwald P. Fisher, 01, horticul¬ 
turist at the Department of Agri¬ 
culture, Bateau of Plant Industries, 
BeltsviUe, Maryland, died September 
18 of a heart attack, Mr. Fisher 
conducted extensive research in the 
handling, transportation, and Stor¬ 
age of fresh fruits and vegetables. 
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Prise winners in the Third Inter¬ 
national Photography~in-Science 
Salon, the annual competition for 
scientists and photographers, spon¬ 
sored by The Scientific Monthly, wore 
announced September 25. Judges 
were Merle A. Tuve, of the Carnegie 
Institution, for physical sciences; 
Walter P. Jeffers, of the Department 
of Botany, University of Maryland, 
for the biological sciences; A. A. 
Teeter, of Charles Pfizer and Coni' 
pany, New York City, for chemistry; 
Emanuel Krimsky, of Polyclinic Hos¬ 
pital, New York City, for the medical 
sciences; and Alexander J. Weddor- 
bum, of the Graphic Arts Division, 
Smithsonian Institution, for photog¬ 
raphy. 

The prints will be on exhibition at 
the U. 8. National Museum, Wash¬ 
ington, I). 0., October 3-31, and at 
the Annual Meeting of the AAAS, 
New York City, December 26-31. 
The exhibit will then go on tour of 
important scientific institutions in 
this country and abroad. 

Prize winners In the black-and- 
white division wore: First; L. L. 
Marten, chief, Electron Physics Sec¬ 
tion, National Bureau of Standards, 
Washington, D. C., for “Electron- 
optical shadow method, a new tech¬ 
nique making it possible to photo¬ 
graph and study quantitatively elec¬ 
trostatic and magnetic fields of 
extremely small dimensions.” Sec¬ 
ond; Bernard Henry MoHberg, Uni¬ 
versity of Houston, Texas, for “ Ven 
trosinifgtral view of dried chick 
embryo which has been plated with 
aluminum, revealing obscure details 
of syrface anatomy, ” Third; 8. B. 
Newman, Emil Borysko, and Max 
Swerdlow, National Bureau of Stand¬ 
ards, Washington, D. Cm for “Elec¬ 
tron micrograph of thin section of 
cells in onion root tip,” Honorable 
mention: Jose Oitieico, Rio de 
Jaueiro (Guggenheim Fellow at the 
National Museum); Clyde T. Holli¬ 
day, Applied Physics Laboratory, 
Johns Hopkins University, Silver 
Spring, Maryland ; Charles J. Salat, 
Amour Research Foundation, Chi¬ 
cago; T. G,Rwlww, American Cyanb 
mid Company, Stamford, Connecti¬ 
cut ; and C. G. Worden, Laboratory 
of CL A; Zapffe, Baltimore. 

In tile color division, the following 
wonawards:F*rst; GbarlesB. Ough 
ton And: Eugene C. Ricker, Battelle 


Memorial Institute, Columbus, Ohio, 
for st Xerographic developing proc¬ 
ess. ’ 1 Second: Chester F. Heather, 
Carnegie Institution, Baltimore, for 
“ Implantation of 12-day human 
ovum,” Third: Thomas C. Boulter, 
and Walter Lawton, Stanford Re¬ 
search Institute, Stanford Califor¬ 
nia. Honorable msn&Hfer D. H, 
Rowland, Carnegie-lllinois Steel Cor¬ 
poration Research Laboratory, Pitts¬ 
burgh ; R. Stradling, U. 8. Pipe and 
Foundry Company, Burlington, New 
Jersey; and A. C. Walker and S. 0, 
Jorgensen, Bell Telephone Labora¬ 
tories, Murray Hill, New Jersey. 

The contest, which was established 
to encourage and extend the use of 
photography as a basic research tool, 
will lie continued in 1950. 

An Italian public health survey 

is being made under the auspices of 
the Italian High Commissariat for 
Hygiene, assisted by the Rockefeller 
Foundation and the World Health 
Organization, to help tile Italian 
government reorganize its public 
health services so as to take advan¬ 
tage of modern scientific methods in 
the prevention of disease and the 
maintenance of health. Such fields 
as tuberculosis, malaria, venereal dis¬ 
eases, maternal and child care, in¬ 
dustrial hygiene and public health 
statistics are being surveyed by spe¬ 
cialists lent to the Italian govern¬ 
ment by WHO and the Rockefeller 
Foundation. Among the consultants 
are Julie Backer, of the Central Bu¬ 
reau of Statistics, Oslo; Luigi Cnr- 
rozzi, of the University of Geneva; 
Dr. Lembrez, director of Border 
Health Control for the Marseilles 
area; and J. E. McCartney, Of Lou^ 
don. The survey began in June and 
is expected to be completed late in 
September. Results will be reported 
to the special commission headed by 
Mario CoteUessa, of Italy, and J. B, 
Grant, director for Europe in the 
Rockefeller Foundation *s Interna - 
tional Health Division. 

The Roscoc B. Jackson Memo* 
rial Laboratory will put into full ef¬ 
fect this fall its program of coopera¬ 
tive graduate study which will make 
its research facilities available with¬ 
out tuition fee to qualified graduate 
students* Credits may be applied 


biology, zoology, bacteriology, ge¬ 
netics, psychology, and allied fields. 
Cooperating graduate schools to date 
include Northwestern University, 
University of Chicago, University of 
Illinois, Johns Hopkins University, 
Harvard University, University of 
Michigan, W ashington University, 
Cornell University, University of 
Rochester, Ohio State University, 
University of Maine, Pennsylvania 
State College, and Brown University.' 
There are also gssistantships avail¬ 
able and the laboratory will aid stu¬ 
dents in securing predoctoral fellow¬ 
ships such as those offered by the 
National Institutes of Health and the 
American Cancer Society. 

Abstracts at Vitamin Literature, 

published by the Association of Vi¬ 
tamin Chemists, is available at an 
annual subscription rate of 63.00 for 
four quarterly issues. The fee covers 
cost of handling, printing sand mail¬ 
ing; ail abstracting, compilations 
and editing arc done on a voluntary 
basis by association members. The 
two preceding volumes are available 
as long as the supply lasts. Subscrip¬ 
tions should be addressed to Irwin 
Oloott, Dawe ’» Vitamin Oil Pro¬ 
ducers, Inc., 4800 South Richmond 
Street, Chicago 32. 


Status of AAAS Meeting 
Reservations 

The early and heavy demand 
for single rooms already indi¬ 
cates a potential shortage of this 
type of accommodations at the 
116th Meeting of the AAAS in 
New York City, December 26- 
31. There are plenty of hotel 
rooms but many have double at 
twin beds. Miss Sylvia T. Pel- 
tonen, Manager, Housing Bu¬ 
reau, New York Convention and 
Visitors Bureau, 500 Park Ave¬ 
nue, New York 22, who is in 
charge of room assignments, 
urges that, when possible, room 
reservations be placed by parties 
of two or more. This also has 
the advantage of a lower cost 
per person. Boom reservation 
coupon* will appear in the ad- 
vertisiug pages of Sotenos at 
intervals. ^ 
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Is There a Science of Instrumentation? 


£. U. Condon, Director 

National Bureau of Standards, Washington , D. C, 

I NSTRUMENTATION, as the word is used here, 
means the development and application of meas¬ 
uring devices which respond quantitatively to 
some physical property of a situation and give 
an output which depends on this property. The word 
instrument is often used in a broader sense, as when 
forceps are referred to as surgical instruments, but 
in this discussion it refers to measuring devices. 

Nearly all of the progress of modem science and 
industry is directly traceable to the development and 
use of a wide variety of measuring instruments. 
With monotonous regularity people who discuss this 
subject quote Lord Kelvin’s saying to the effect that 
one’s knowledge of a subject is of a poor kind indeed 
unless one knows how to measure quantitatively the 
factors involved. Quoted often enough so that it now 
has the status of a cliche, this saying is nonetheless 
true. 

With all this appreciation and understanding of the 
importance of measurement, the problem of devising 
suitable measuring instruments for use with different 
quantities and in different situations has, up until 
recent times, been left pretty much to individual sci¬ 
entific specialists to work out as best they can. But 
in recent years, especially in the past decade, it has 
come to be more and more widely recognised that the 
problems met in designing various kinds of instru¬ 
ments have a great deal in common. Because of the 
importance of these common elements there is a useful 
body, of general doctrine and data which can be 
termed the science of instrumentation. Recognition 
of this fact has found expression, for example, in the 
founding and growth of the Instrument Society of 
America. The society is devoted to this overfall point 
of view oh the design of measuring instruments—not 
on such an abstract philosophical basis that no par¬ 
ticular results are attained, but rather in practical 
terms whereby the designer of an instrument for a 
particular purpose can derive maximum benefit from 
experience gained from other instruments which have 
for quite unrelated purposes. 

^ tmnd 4eQe!rves to be more widely known and 
kffiong scientists as a Whole, too often M 
eonfronted witfc a meaeurement 

ho is unae- 


design principles which enter into good design of his 
instrument and is impatient with them. He then works 
out a “gadget” to fill his needs as best he can and in 
many cases it depends greatly on the happy ingenuity 
of his machinist or glassblower. What the science of 
instrumentation is trying to do is to codify general 
principles and design data referring to instruments 
as a whole so that their design can itself be put on 
a scientific basis worthy of the scientific problems it 
is to help solve. 

Instruments may be classified first as to whether 
the objects whose property is to be measured are dis¬ 
crete or continuous. For example, an instrument that 
measures the capacitance of a large number of small 
condensers, one by one, is measuring a discrete prop¬ 
erty, and one that indicates changing hydrostatic pres¬ 
sure is measuring a continuous property. Evidently 
all instruments of the discrete class have a great many 
problems in common with regard to the mechanism for 
feeding in the objects to be measured, independently 
of what quantity is measured, and the same is true of 
all instruments responsive to a continuous variable. 

Of the instruments for discrete measurement, per¬ 
haps the simplest is that which merely counts the total 
number of events or objects to which it responds. In 
nuclear physics it has been necessary in recent years 
to develop electronic circuits capable of counting ob¬ 
jects at very rapid rates. In these the object or event 
is made to give rise to an electrical pulse fed to a 
scaling circuit and eventually to a mechanical register. 
Such techniques will undoubtedly find application in 
many other fields, such as in counting blood cells in a 
blood sample and in automatic digital computing 
machines. 

Second, an instrument can be classified as to the 
nature of the element in it which is sensitive to the 
quantity to be measured and the nature of the re¬ 
sponse made. Such a sensitive element is known 
generically as a tromduoer, since it changes a phys¬ 
ical quantity of one kind into another. For example, 
temperature measuring devices are made which de¬ 
pend on (a) the differential expansion of two solids, 
producing elastic deformation of them, (b) differ* 
ential expansion of a solid v*esei jtnd a contained 
liquid, producing relative motion* (e) change in elec* 
trical iwsteUneeproducmg an deetrical output signal, 
and many others, 
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At first sight it may seem that the sensitive elements 
used for different quantities are so various as not to 
have much in common. If this were so there would 
be no general basis to the science of instrumentation. 
But it is not so. Every sensitive element gives some 
kind of output quantity Q (such as a linear motion 
to be observed visually or an electrical voltage to be 
dealt with appropriately in another part of the instru¬ 
ment). Let cc be the physical quantity to be measured. 
It is a general characteristic of all responsive elements 
that they possess properties that need to be considered 
in design of an instrument independently of the phys¬ 
ical nature of x and Q, Among these are (a) sensi¬ 
tivity , the quantity Q'(x) f giving the rate of change 
of output with change of input under steady equi¬ 
librium conditions, (b) unsteadiness , the measure of 
the fluctuation in output (<2 - Go) 2 given by the trans¬ 
ducer under a steady value of x due to looseness and 
erratic disturbances inherent in the situation, (c) slug¬ 
gishness, the measure of the time rate at which Q 
assumes its new equilibrium value Q x from the value 
Q 0 when x abruptly changes from x 0 to x lt and (d) 
hysteresis, which is a shortcoming of some transducers 
whereby Q is not dependent on x alone but on the 
past history of all values earlier assumed by x, and 
(e) permanence, the quality whereby <>(*) retains its 
constant functional form over a long period of time 
whether the instrument is in use or not, thereby main¬ 
taining the instrument’s calibration. 

Evidently the design principles involved in specify¬ 
ing these characteristics of a transducer are quite gen¬ 
eral and will have similar limiting effects on the per¬ 
formance of the instrument no matter what the nature 
of Q and x. And as soon as we are past the trans¬ 
ducer, evidently, we are dealing with the physical 
quantity Q instead of Hence from here on the 
design principles involved do not depend in any way 
on the physical nature of the quantity to be measured. 
In passing it may be remarked that sluggishness is not 
always an undesired element in a transducer, for some¬ 
times the quantity which it is really sought to measure 
is not really variation of x at each instant, x{ t), but 
some sort of moving time average like 

x{t) J* x(t) dr 

-op 

Which is based essentially on the values of * in the 
past for a time qt the order of l/k. 

The next essential part of the over-all instrument 
may involve some sort of further transformation or 
ftknpMeation of the tronaduber output Q, qs when the 
optical image of a linear movement is projected with 
f when an dectrical volt^e 

:-M phhsod;-' (itftiugh - a transformer* Evidently the de¬ 


sign data for such devices will depend solely on Q,* 
not at all on x, and therefore will be the same no 
matter in what branch of science or technology the 
instrument is to be applied. 

The last part of the instrument involves the trans- 
fojjpdtion of Q into some sort of indicating, record¬ 
ing, of control mechanism, depending on the use to be 
made of the data the instrument provides. Where 
indication is desired for individual readings or con* 
tinuous observation, the coupling to the observer’s 
sensory equipment is usually made through the sense 
of sight. Usually the indicating device involves the 
motion of a pointer relative to a scale, the position 
being noted visually by the observer. This led Ed¬ 
dington to regard all science as the systematization of 
relations between pointer readings obtained in various 
ways. This favored position of the sense of sight 
arises from its great sensitivity and resolving power. 
But one could &)bo devise instruments in which, for 
example, the output, dependent on the quantity to be 
measured, controlled the pitch of a sound heard by 
the observer. 

The transforming and amplifying elements of an 
instrument, as well as the indicating elements, need to 
be judged according to the same kind of qualities at* 
were listed for transducers. In the over-all analysis 
there is nothing to be gained, for example, in having 
very little sluggishness in the transducer if the indi¬ 
cating element has much sluggishness. 

A particularly simple kind of indication is that of 
the “go—no go” variety, which simply gives a signal 
if * is greater or less than preassigned limits or lies 
outside a preassigned range. 

A recording mechanism is an element that gives a 
material record of the variation in * observed by the 
instrument This is usually in the form either of a 
continuous ourve drawn on & strip of paper or of a 
discrete series of digital numbers stamped on a strip, 
But it need not take either form and might be a mag¬ 
netized tape with the output coded on in Borne way. 
Such a form would be applicable where some com¬ 
puting needs to be done on the output data by an 
automatic computer arranged to accept data on a 
magnetized tape as its input. The design consider¬ 
ations involved in a recording mechanism may be quite 
independent of the nature of the quantity * that is 
being measured. 

Finally, a control mechanism is an element that 
takes the output, which may also be given presen¬ 
tation by an indicator or recorded in a recorder, and 
uses this to actuate some device in the original situ¬ 
ation affecting the value of & In the simplest ease 
it is desired to have tie cqnM medtan&xh^ 
situation ':whioh'iihdi' ’' 
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But it is only slightly more complicated to require 
that x follow some preassigned functional variation 
with time. Here all sorts of new problems present 
themselves, such as the tendency of the system to 
“hunt,” that is, for the correction actiou brought into 
play by the control to produce greater effects than 
needed to bring x to the control value /(f). 

In more complex cases there may be more elaborate 
combinations of the basic instrument elements, as 
when several transducers respond to several quantities 
x lt x a ... and the signals so obtained are combined 
mathematically in some analogue or digital computer 
to produce one or several output quantities/!, . . . 
which may actuate a control mechanism. Also it may 
happen that the output does not actuate a control 
mechanism related to the system being measured but 
actuates another device which maintains a prescribed 
relationship to that system. Thus, a gun director's 
input is optical or radar data about position of a 
target, but its output does not act directly on the 
target to control that position, but on a gun with the 
object of aiming it so as to launch a projectile which 
will hit the target. 

Enough has been said to bring out the fact that in 
modem complex instruments a large part of the in¬ 
strument is independent of the nature of the quantity 
to be measured. It is this fact that is giving rise to 
the recognition that there is a science of instrumenta¬ 
tion concerned with these common elements and their 
systematic study and improvement. It seems quite 
likely that the instrument scientist will in the future 
play a role of steadily increasing importance in the 
development of all the sciences. It is a profession 
that should lend itself to specialization and workers 
in all fields should be relieved as much as possible 
from the distraction of having to devote too much 
attention to the detailed design of instruments for 
their particular needs. 

In accord with these general ideas, the National 
Bureau of Standards is planning a program that will 
give just this kind of over-all study to the basic prob¬ 
lems of instrumentation in all the physical sciences. 
Up to now, corresponding to the older and still com¬ 
mon practice, instruments have not been considered 
from the general viewpoint, but separate and un¬ 
coordinated attention has been given to mechanical, 
optical, electrical, and electronic instruments in dif¬ 
ferent parts of the organisation. The program is 
being planned in cooperation with the Office of Naval 
Research and with research groups in the Army and 
theAir Force. ./ . . 

are three: (1) syste¬ 
matic analysis of available methods and devices in 

reliability; (2) studies 


of materials, components, and elements which are now 
known to impose serious limitations on instrumenta¬ 
tion; and (3) development of specific instruments not 
now available. 

Under the first heading, as part of the process of 
reviewing the literature, some particular limited field 
in which specific instrumentation problems are of 
interest will be studied. Careful analysis at this stage 
of how related measurement problems were solved in 
the past, of available related instrumentation, of its 
precision, and of the materials involved, will estab¬ 
lish a basis for actual development work and provide 
critical data on the status of instrumentation in this 
field. Over a period of years, this approach should 
not only yield the concrete instruments needed—a need 
determined in this case by the cooperating agencies— 
but also accumulate information in a systematic man¬ 
ner, permitting a logical approach to subsequent 
problems. 

Present demands for instrumentation improvement 
are essentially twofold: higher sensitivity and faster 
response. These are necessary because the time inter¬ 
vals with which present day work is concerned are 
extremely small, only minute displacements may be 
allowed, and the signals are low in power. In gen¬ 
eral, sensitivity can be increased jf the time during 
which phenomenon is under observation is increased, 
but this often cannot be done because the existence 
of the phenomenon may be of short duration—«s in, 
for example, nuclear and cosmic physics and in the 
study of biological cells. At the same time, noise 
level becomes a serious limiting factor where signals 
are weak. 

In spite of these incompatible objectives, instru¬ 
mentation is succeeding in extending sensitivity and 
signal response, but in the process large quantities of 
complex data are the result, creating the problem of 
processing such information* Here other instruments, 
whose functions are the orderly and integrated pres¬ 
entation of data, are needed. Recording devices are 
typical of this class of instruments, but more sophisti¬ 
cated types are necessary now for the analysis of large 
amounts of data, the performance of predetermined 
operations, and the presentation of the summarized 
findings, discarding unwanted background. Fortu¬ 
nately, machines like electronic digital computers, 
originally planned for solving mathematical equations, 
afford a means of attaining this end; Specific prob¬ 
lems to be considered in the program of the National 
Bureau of Standards include transducers, electron 
optical field mapping, data transmission and reduc- 
tion, improved microscopes, and so on. Work op 
some of these is already in progress* Coincidentally, 
the bureau’s program in electronic digital computers 
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Lb continuing: two machines are under construction in 
its laboratories in Washington and Los Angeles, while 
another five are being built by contract with private 
laboratories and industries. 

One aspect of instrumentation, already mentioned, 
is the problem of materials and components. Belated 
to this is the existence of principles of measurement 
whose application cannot be realised until develop¬ 
ments in another field of science are achieved. Thus, 
electron optical field mapping represents an applica¬ 
tion of principles in optics to electronics, yet the 
realisation of this important research tool had to wait 
until the science of electronics had advanced to its 
present state. An illustration of the dependence of 
instruments on materials is the wire strain gage. The 
principle was known as long ago as Ohm’s law, Yet 
it was not until Simmons, Ruge, and De Forest devel¬ 
oped methods of bonding the wire to paper and ways 
had been found to measure and record small changes 
in current that the principle was applied successfully. 
It is for these reasons that the study of materials and 
components, as well as the study of past methods 
proposed for measurement problems, is an integral 
part of the bureau’s program. 

The need for cross-channelling information in the 
sciences has grown acute in recent years. When it 
comes to instrumentation, this need haB two aspects: 
basic developments in one field may provide the basis 
for instrumentation in another field and instruments 
developed in one field may have applications in others. 
As an illustration of the first aspect, scientists in the 
bureau’s radio propagation laboratory recently devel¬ 
oped and constructed an atomic dock which has re¬ 
markable precision. The heart of the development is 
the application of the knowledge of reasonanoe ab¬ 
sorption in atomic physics and of microwave radio¬ 
frequencies to the problem of time. Again, the bu¬ 
reau has developed a standard of length based on the 
green line of mercury 198. This development de¬ 
pended on knowledge of atomic and nuclear physics, 
while the realisation of the instrument and associated 
apparatus is a combination of knowledge in electronics 
and optics. An analogous story could be told about 
the recent measurement at the bureau of the magnetic 
moment of the proton. Here there is, at least in part, 
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with excellent possibilities for full development in the « 
future, the basis for atomic standards of the three 
basic measurements—time, length, and mass. 

Indicative of the importance of cross-channelling 
information concerning instruments is the bureau’s 
experience with diamonds as tools for measurement. 
Maly .years ago the bureau was interested in dia¬ 
monds for ruling lines on precision scales, and devices 
and methods for cutting diamonds were successfully % 
developed. The same group of scientists devised a 
diamond indentation method of hardness testing, which 
has been standardized and is used in the Tukon tester. 

In the course of this work, scientists engaged in the 
study of aircraft cylinder wear, who had been using 
conventional measurement methods, recognized the 
possibility of determining cylinder wear by the change 
in length of a series of standard indentations, using 
diamond indentation. Modifications were needed, and 
a special instrument was developed capable of measur¬ 
ing wear to a precision of 0.00002 inch and of detect¬ 
ing even smaller amounts. Auxiliary developments 
continued in such fields ns the cutting of diamonds 
and the drilling of small diamond dies for fine wire 
production. 

These examples not only indicate the need for wide 
dissemination of information among the fields of sci¬ 
ence but reinforce the concept that instrumentation is 
a science in its own right. There is no reason why the 
practitioner of this science, conceived of as the logical 
approach to measurement problems, cannot provide 
measurement devices of a given type for a variety of 
fields. Certainly this would save the experimentalist 
much time and effort. Prior to this century, an analy¬ 
sis of the experimentalist’s activity might have shown 
that the bulk of his time was spent in getting ideas and 
in analyzing the data of his subsequent experiments 
while a minimum of time was spent in the construc¬ 
tion of instruments. In the present period, too often 
the scientific situation is such that the bulk of his time 
has to be spent in devising and constructing his instru¬ 
ments. From the point of view of research, this is 
unfortunate; and it is here that the science of instru¬ 
mentation can make significant contributions not only 
to instrumentation as such but to the progress of 
. original research. 
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Operational Aspects of Instrument Design 

Churchill Eisenhaxt, Chief, Statistical Engineering Laboratory 
National Bureau of Standards, Washington, D. C. 


Of wonders of science and feats of design 
Has many a scrilns writ tho praise; 

And if I now mention tho subject again 
It's distinctly a relative phase 

For while science and gadgets are fine in their way# 
One worries at times 'bout their clutch, 

Especially when science, design, and math ’matics 
Combine to get us in Dutch. 

T HE AMAZING RELIANCE today on im¬ 
plements and machines, particularly on those 
trust in what they do or tell us were well 
we term instruments, and our unquestioning 
described a few years ago by Hugh L. Dryden, then 
associate director of the National Bureau of Stand¬ 
ards (now director of aeronautical research, National 
Advisory Committee for Aeronautics) in an address 
before the Instrument Society of America (2 ): 

A significant, astonishing, and typical phenomenon of 
modern times is the general confidence placed in the read¬ 
ings of any well-constructed instrument, Tho automobile 
driver swears by his speedometer; the housewife looks at 
the thermometer to see whether she ought to feel too 
warm or too cold; tho handsomely ornamented dials in 
the lobby of the skyscraper convincingly prove that tho 
wind is blowing 60 miles per hour from tho northwest on 
the roof, Even engineers who should be more skeptical 
have contracted the habit of relying on the readings of 
instruments. This naive faith has in general been justi¬ 
fied by the care which the instrument industry has exer¬ 
cised in the control of the accuracy of its products. 
Nevertheless, this great faith in the readings of instru¬ 
ments should continually remind us of the responsibility 
resting upon us to justify that faith, ta make more accu¬ 
rate instruments, which hold their calibration under severe 
conditions of service, and which are most nearly foolproof 
in operation. We have an obligation to promote the cor¬ 
rect use of instruments in a manner to secure uniformity 
and mutual understanding. 

Dr. Dryden justly stresses our indebtedness to the 
instrument industry for the pare it “has exercised in 
the control of the accuracy of its products.” He does 
not inention, however, cither in the passage. quoted 
or elsewhere in his - address, the enormous influence 
exerted upon the instrument industry by the mass ex¬ 
perience of the many users of instruments produced 
in quantity and employed under a great variety of 
mass vote that expresses experience so 
the improbable hah plenty of chance to 


occur and usually does. If the design of an instru¬ 
ment released today is faulty in even the slightest 
degree, you hear about it tomorrow, or at most, the 
day after tomorrow. It is this combination of mass 
vote registering a vast experience and a demonstrated 
manufacturer's responsibility that justifies our faith 
in these instruments. 

In the case of instruments of which only a few are 
produced, and of instruments (e.g., military contriv¬ 
ances) produced in quantity for use under extraordi¬ 
nary conditions that are difficult or impossible to simu¬ 
late, our trust in the instruments rests on less firm 
foundations—it rests largely on extrapolation from 
commonplace experience bolstered by faith in the 
manufacturer's ability to design and produce an in¬ 
strument that will do the job intended under the con¬ 
ditions of actual use. When the designer and pro¬ 
ducer of the instrument arc far removed from the 
ultimate user not only geographically but also in ex¬ 
perience and perspective, too often the case and some¬ 
times unavoidable, then our faith may be really un¬ 
warranted. 

The more complicated the instrument, the severer or 
stranger the conditions of use; the less we know about 
the eventual operator of the instrument, the more 
acute are the problems of instrumentation. While 
these problems do occur in the design of laboratory 
instruments, they are more frequently critical in the 
design of control devices—instruments which measure 
the values of a number of variables (with or without 
the intervention of a human operator) and which 
react in a predetermined manner to establish a pre¬ 
diction for control purposes, 

An excellent example of the difficulties which the 
Operational Analysis Groups of the Air Forces en¬ 
countered was the first group of automatic sights of 
World War II, designed for the defense of bombers 
against fighters. From the strictly instrumental point 
of view, which necessarily preeluded field studies, 
these computing sights were clever mechanisms for 
determining the amount of deflection required (a 
“lag,” nofru^lead// when the fighter waa following a 
pursuit-curve course toward the bomber). The eom- 
putation was based on the observed angular velocity 
of the fighter relative to a coordinate system based on 
fixed directions within the sights mount, which Was 
firmly fastened to the bomber's frame and not gyro- 
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stabilised. The component of this relative motion 
pertinent to the deflection problem is the motion of 
the tighter relative to a coordinate system determined 
by the velocity vector of the bomber, the vertical plane 
(Le. f the plane through the zenith and through the 
bomber's velocity vector), and the plane through the 
bomber’s velocity vector perpendicular to the vertical 
plane (which will be horizontal if and only if the 
bomber’s velocity vector lies in the horizontal plane). 
Unfortunately, as a result of the pitching, rolling, and 
yawing of the bomber, there is generally considerable 
motion of the sight-mount coordinate system relative 
to the coordinate system determined by the bomber’s 
velocity vector. This motion is, of course, irrelevant 
to the deflection problem. Consequently, in the ab¬ 
sence of gyrostabiiization of the sight mount or an 
adequate “smoother” within the computer to iron out 
the irrelevant components of motion, these sights 
merrily computed deflections with comparatively great 
exactitude but on the basis of largely irrelevant data, 
£t didn’t take experienced gunners long to discover 
this fact in actual practice. As a consequence these 
computing sights were tom out of the bombers in 
the combat theaters, and for a time the whole program 
of development of automatic computing sights for 
aerial warfare was seriously discredited. 

Here there were remedies available to the instru¬ 
ment designer-^gyrostabilization of the sight mount, 
a built-in smoother, or both—but cases do exist where 
uncontrollable external conditions limit the realizable 
precision' of a high precision instrument to a far 
greater extent than do the more evident limitations 
on the design parameters involved. A case in point 
is the optical range finder (2), In effect, this instru¬ 
ment measures the angular parallax, a, of the target 
when viewed from the two ends of a base of length b 
contained within the instrument, the scale of the in¬ 
strument is graduated to read range, r, directly, and 
the graduations are based bn the equation r-b/a, 
where r and b are in the same units (c.g,, feet, yards) 
and a is in radians. An error of Act in the measure¬ 
ment of the parallactic angle produces, therefore, an 
error of - in the measured range. Range 

finders have been built with base lengths as small as 
20 inches and as great as 100 febfc. Turret range find¬ 
ers on battleships have base lengths of 50 ot 60 feet. 
A typical American instrument for twe against air¬ 
planes has a base length of 1S& feet. The ratio of 
the range to be measured to the base length is gen¬ 
erally so large that satisfactory accuracy cannot be 
obtained unless tbe parallactic angle can be measured 
with an error not greater than two or three seconds 
of are. To lessen the errors due to tte limited acuity 
ana rew^ingr finders are 


usually equipped with an eyepiece of magnification M? 
the effect of which is to transform a into Ma for pur¬ 
poses of measurement. Thus an error of 6 in the ap¬ 
parent angle so measured becomes an error of 6/1/ 
in a. From this error relation and the basio one given 
previously relating errors in a to errors in r, it would 
seem, and it has often been tacitly assumed, that an 
increase of magnification by a given factor, or an in¬ 
crease in base length by the same factor, would be 
equally effective in increasing the precision of the 
instrument as a range finder; and that by sufficiently 
increasing the magnification, or the base length, or 
both, any desired precision in terms of range could 
be achieved. Unfortunately, convection currents in 
the air between the range finder and the target—there 
is always some quiver and sometimes a veritable 
“boil”—invalidate these conclusions. From studies 
conducted under the auspices of the OSRD during 
World War II and some more recent investigations 
carried out by F. E. Washer and his associates at 
the National Bureau of Standards, it now appears 
(2) that any single measurement of the parallactic 
angle, a, has a standard deviation component, perhaps 
between 0.80 and 1.20 second (1 second - 0.000005 
radian), that originates in the air path between the 
range finder and the target, and consequently is be¬ 
yond the control of the instrument designer. By sub¬ 
stitution in the basic error relation given earlier, the 
corresponding standard deviation component of a 
range estimate of a given range using a particular 
base length can be determined. Thus, taking 1 second 
as a typical value of the standard deviation component 
(due to shimmer) of a measurement of a, the corre¬ 
sponding range standard deviation will be I percent 
if the range is 2,000 times the base length and 6 per¬ 
cent if it is 10,000 times the base length; and this 
amount of uncertainty will be present even if the 
range finder and the observer contribute no addi* 
tional components of error (a purely hypothetical situ¬ 
ation 1). The instrument designer can offset this com¬ 
ponent of error only by making the base long enough 
to achieve the precision required at a given range, if 
practical considerations will allow him to do so. 

Up to this point we have considered only cases 
where ^external conditions* in themselves prevent full 
realization of the built-in accuracy and precision of 
the instrument. Let us now consider some instances 
where the human operator of the instrument is the 
stumbling block. These human troubles can he of tw» 
kinds: physiological and psychological. In the case 
of the optical range finder the limited resolving power 
and limited acuity of the observer’s eye are physio¬ 
logical coincidence 

jhdgtiieut produce , 



October 7, 1949, VoL 110 


SCIENCE 


345 


in the apparent field, perhaps of the order of 3 sec¬ 
onds* In terms of the measurement of the parallactic 
angle, a, this becomes a standard deviation component 
of 3/M second. Combining this with an air-path 
component of about 1 second, as just considered, the 
contribution of these two sourees of error to the stand¬ 
ard de viation of m easurement of the parallactic angle, 
a, is \/l + (3/M) 2 , which for commonly used magnifi¬ 
cations of 8, 12, and 24 diameters equals 1.063, 1.031, 
and 1.008 seconds, respectively. From these figures it 
is evident that the air-path component completely 
dominates the situation, and that by using readily ac¬ 
cessible magnifications the contribution resulting from 
the aforementioned physiological limitations of the 
observer can be rendered negligible. Unfortunately, 
this is not the whole story, for use of high magnifica¬ 
tions introduces a psychological difficulty in the form 
of observer frustration resulting from the shimmy of 
the target image—the quiver of the target (as seen 
through the air path from the range finder to the 
target) magnified M times by the lens of the eyepieoe. 
Indeed, if the magnification involved is 20 or 24 diam¬ 
eters and the air path is “boiling” vigorously, which 
is the situation on hot days, the observer may be un¬ 
able to “observe” at all, that is, unable to bring the 
target image and the reticle of a stereoscopic range 
finder (the two target images of a coincidence range 
finder) into “coincidence.” 

A strictly psychological difficulty arises in connec¬ 
tion with the stereoscopic range finder. In making 
a setting with a stereoscopic range finder the reticle 
and target are brought into coincidence by turning the 
range knob. “If ... the target is extended or 
against a background so that there is no free space on 
either side of the target, then when the reticle is pro¬ 
jected beyond the surface of the solid object the ob¬ 
server is loath to accept the apparent penetration of 
the reticle into the solid target, and hence a bias is 
introduced which may correspond to a large error in 
the indicated range. Similarly, when one attempts to 
set a crisp, sharply defined image of the reticle in 
stereoscopic coincidence with a target not sharply de¬ 
fined and obscured by blue haze, the pronounced dif¬ 
ference in atmospheric perspective leads to an errone¬ 
ous setting. These errors resulting from biased 
stereoscopic judgment may amount to as much as five 
or six seconds [in the measurement of the parallactic 
angle, a]. If one attempts to check the graduations 
On the scale of a range finder by reading ranges on a 
selected series of terrestrial targets at known distances, 
the for the different targets will, in 

t^ne^aV different for the different targets, giving 
curve which suggests that indi- 
;^Sue} graduations on the scale are displaced from 


their correct positions in a nonuniform manner. The 
falsity of thiB conclusion can be shown by testing the 
range finder with a better planned test in which stere¬ 
oscopic bias is eliminated or equalized for the different 
targets” (<?). The seriousness of this psychological 
source of errors is readily appreciated when it is re¬ 
called that satisfactory range measurement generally 
requires measurement of the parallactic angle with an 
error not greater than two or three seconds. Fortu¬ 
nately, there is a design trick (£) used in the German 
K40 range finder whereby bias from this source can be 
averaged out by making two settings on the target, 
and this may be used for range reading on stationary 
or slowly moving targets. 

The automatic computing sights mentioned earlier 
were plagued also with operator errors of psychologi¬ 
cal, or psychophysical, character arising from the 
interaction of the operator and the instrument. In 
the first place, the several motions the operator had to 
perform were somewhat unfamiliar and awkward, and 
cultivation of adequate skill by intensive training was 
necessary. With one type of these devices the opera¬ 
tor moved the gun mount (upon which the sighting 
mechanism was firmly fixed) in azimuth and elevation 
by means of a handle-bar arrangement, one handle of 
which contained a pistol-grip trigger for activating 
the gun(s), while rotation of the other handle adjusted 
the range setting of the sight. It was difficult enough 
to learn how to perform all of these motions correctly 
to begin with. To be called upon to perform them cor¬ 
rectly in the excitement of an attack, lasting 5 seconds 
or less, was asking too muchl (How many persons 
can pat their heads, rub their stomachs, and scratch a 
stomach itch all at once, without getting mixed up 1 
The gunner's problem was even worse!) To make 
matters still worse, the reticle of the sight was con¬ 
trolled by the computing mechanism and was not 
under direct control of the gunner—the most amazing 
changes of position of the sight reticle would result 
at times from a simple movement of the hands. 

There exists today, largely aa a result of such war¬ 
time experiences, a branch of applied science known 
as human engineering (called by the inner circle “psy¬ 
chophysical systems research”) that is actively con¬ 
cerned with “man as a worker of machines, and with 
machines as things that man must work.” This aspect 
of instrumentation deserves dose attention from both 
designers and users of instruments. 

Although the instrument in hand may be able to 
perform its intended function with great accuracy and 
precision, this built-in accuracy and precision may be 
highly illusory in terms of the uses to which its end 
product are to be put (e*g, measurements for direct 
use as such in scientific research, engineering tests, 
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and so forth; or measurements constituting the stimuli 
activating an automatic control device). Thus high 
speed punch card equipment is fine for processing sta¬ 
tistical data to obtain accurate summary figures with 
ease and rapidity. But the trustworthiness of these 
summary figures for purposes of administrative action 
4r scientific inference depends upon the trustworthi¬ 
ness of the raw data themselves for these purposes, 
which in turn hinges upon the extent to which the 
method of obtaining those data effectively produces 
random samples from the population to which the con¬ 
clusions are to apply. The capabilities of these ma¬ 
chines, which bring the processing of very large 
amounts of data within the realm of practicability, 
carry with them the danger of diverting attention 
from the need for considering carefully in the plan¬ 
ning stage of an investigation (a) exactly what kinds 
of data are required for the purpose at hand, (b) how 
they are to be collected, so as to assure validity for 
this purpose, and (c) in what quantity they will be 
needed in order to achieve adequate precision. The 
approach “Let's record everything in sight and the 
machine will do the rest” is not to be recommended, 
for when the data are in and are partially or fully 
analyzed it is too often found that “everything in 
sight” failed to take account of factors critically af¬ 
fecting the value of whatever conclusions might be 
reached. 

Finally, the great practical value of many instru¬ 
ments stems in the last analysis not so much from the 
high precision of individual observations thereby at¬ 
tainable as from the fact that they make it possible to 
obtain broad coverage with observations of ample 
precision. For example, consider the core-boring in¬ 
struments and associated techniques developed by the 
Bureau of Customs and others for evaluating the 
dean-wool content of a shipment of baled wool. In 
the case of many carpet wools the relation between the 
between-bale and with in-bale components of variation 
of the clean-wool content is such that accurate evalua¬ 


tion of the (average) dean-wool content of the entire 
shipment requires the sampling of many bales, taking 
adequate amounts of material from each bale sampled. 
This is made possible by the core-boring tool. With¬ 
out it, the cost of obtaining the same intensity and 
coverage of sampling by breaking open the bales and 
drawling samples by hand would be prohibitive and 
would netitossitate relaxing accuracy requirements be¬ 
low levels considered desirable. As another illustra¬ 
tion, consider the Magne-gage designed at the National 
Bureau of Standards to measure the (thickness of non¬ 
magnetic coatings on a magnetic metal object. By its 
use the total thickness of composite coatings ranging 
from 0.0005 to 0.003 inch can be determined rapidly 
and nondestructive^ to within about 10 percent; and 
the thickness of each component layer of similar coat¬ 
ings, to within about 15 percent. The important fea¬ 
ture is that the determination is nondestructive and 
rapid, so that many different parts of the con ted ob¬ 
ject may be examined when the quality of a coating or 
the effectiveness of a coating technique is being eval¬ 
uated. 

To sum up; From prehistoric times man has been 
a user and developer of tools. Man now depends 
more than ever on implements and machines—some 
crude, many elaborate; some delicate, others sturdy; 
all the servants, and some at times the masters, of 
man. Thomas Carlyle said: “Man is a Tool-using 
Animal. . . . Nowhere do you find him without Tools: 
without Tools he is nothing, with Tools he is all” (1). 

But if our instruments are to serve their purposes 
fully—and this is especially true pf modern, complex 
control devices—both the designer and user must 
never forget (1) the conditions of operation, (2) the 
nature of the measured quantities, (3) the relation of 
these quantities to the end action, and (4) the psycho¬ 
logical and physical characteristics of the operator. 
With these elements in mind, instrumentation: will pro¬ 
gress, providing man with ever-increasing extension of 
his senses and control over his environment. 
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The Fourth Annual Conference and Exhibit 
of the Instrument Society of America 

W. A. Wildk.ck 

Chief, Missile Instrumentation Section, 

National Bureau of Standards , Washington, D. C. 

Sixty-five technical papers presented at 23 sessions, five 
cooperating societies; 8,000 in attendance, 150 exhibitors 
showing $6,000,000 worth of new or improved instru¬ 
ments, components or accessories, spread over 20,000 
square feet of the huge Municipal Auditorium in St. 
Louis—these are the bare statistics of the week-long con¬ 
ference and exhibit of the Instrument Society of America, 
held September 12-16, 

One of the youngest and fastest growing of the tech¬ 
nical societies, the ISA brought together at St. Louis, in 
this field of common interest, several other scientific and 
engineering societies. The Industrial Instruments and 
Regulators Division of the American Society of Meehan* 
ical Engineers had two sessions; the American Institute 
of Electrical Engineers two; the American Institute of 
Physics two; and the National Telemetering Forum two. 
Members of any of these cooperating groups (or the 
Institute of Radio Engineers) were admitted without 
charge to all sessions, as well as to the exhibits. 

In general, the problems of measurement mid control in 
any branch of experimental science or industry require 
for their solution the design, development, selection, adap¬ 
tation, procurement, understanding, and use of meas¬ 
uring devices and techniques. This, broadly, is the field 
of instrumentation, the art and the science of measure¬ 
ment and control. The promise of this newly recognized 
branch of applied science lies in the universality of its 
contributions—it is an indispensable and integral part of 
all of the specialised sciences, and any discovery or im¬ 
provement of devices and techniques tor measurement 
and control of any physical quantity oan find immediate 
application in many unrelated specialties of science or 
engineering. Its strength lies in the universality of its 
sources of progress—the operating principles of measur¬ 
ing devices are drawn from all the basic fields of science, 
and any discovery or advance in any field is likely to 
find eventual or immediate application in a new or im¬ 
proved device for use in still other fields. 

Within the last decade or two, the growing complexity 
of science and technology has made it impossible for the 
engineer or scientist to keep abreast of instrument devel¬ 
opments and measuring techniques in other fields- Hence, 
the emergence of the new science of instrumentation and 
its jwactitioners, specialising in cutting across specialties 
imdcrost-fertilising all the sciences. 

Society The ISA was formed In 1045 as a com- 
Mhntfon of a number of local instrument societies in 


various centers of industrial or scientific activity, and 
now has 64 sections in the United States, two in Canada, 
and one in Netherlands West Indies, with a membership 
of over 3,000. 

The objective of the society is ”to advance the arts 
and sciences connected with the theory, design, manu¬ 
facture and use of instruments in the various sciences 
and technologies. 1 ' The various sections hold regular 
meetings and national meetings ore held twice yearly: 
the spring meeting for a one- or two-day period, and the 
annual conference and exhibit for five doyB, during the 
first half of September. The location changes each 
year. The society publishes the Proceeding*, containing 
papers presented at ISA sessions during the annual con¬ 
ference, and also edits a special ” Journal’ 1 section of the 
monthly magazine, Instruments, which each member re¬ 
ceives. Special publications are proposed by the working 
committees of the society, of which there are more than 
a score. ISA offleors for 1P50 arc: R. Figgott, presi¬ 
dent; A. O. Beckman, J. B. McMahon, Nelson Gilder- 
sleeve, and Porter Hart, vice presidents; Hugh Ferguson, 
treasurer; and Richard Rimbnch, executive secretary. 

The Conference . Conferences are much alike* whether 
the papers relate to star spectra, enzymes, or automatic 
control. People drift in and out, talk to colleagues in 
the balls, ask a few questions on the floor, and grill the 
si>enkers later in small groups. 

The ISA papers were available in preprint form, which 
made for better discussion. There were sessions on 
maintenance and operation, inspection and gaging, in¬ 
strumentation for production processes, transportation 
instruments, instrumentation for testing, and analysis in¬ 
strumentation. A symposium was held on rockets and 
jets and a number of papers in the session on instrumen¬ 
tation for testing related to the currently * * hot'’ problem 
of testing rockets and jots. Speakers at all sessions were 
allowed at least twenty minutes, and in some sessions up 
to an hour. Attendance ranged from ono hundred to 
four or five hundred. Borne of the papers were sum¬ 
marized especially for Science by the authors and are 
presented elsewhere in this issue. 

At the annual business meeting a paper was presented 
on n Instrumentation Flow Plan Symbols,” by David E. 
Hostedler (Foster*Wheeler Corp., New York), as illus¬ 
trating outstanding work done by a subcommittee of the 
Recommended Practices Committee. 

On the weekend preceding the conference, the ISA, 
in cooperation with a number of manufacturers, spon¬ 
sored an 4t Instrument Maintenance Clinic” for instru¬ 
ment technicians, which proved extremely popular. The 
conference sessions on instrument maintenance and oper¬ 
ation were also well attended. A panel discussion was 
held qa ” Instrument Mechanic Training.” 

The Exhibit* The hundreds of instruments and com¬ 
ponents displayed or demonstrated *t the exhibit received 
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careful inspection and study from the engineers, scien¬ 
tists, technical men, purchasing agents, and industrialists 
in attendance. 

No catalog of the products displayed could convey the 
educational value of tho exhibit. The variety of exhibits 
precluded any monotony: miniature ball bearings, large 
10-in. control valves, recording spectrophotometers, glass 
thermometers—any of those might be found in the booth 
next to electronic vibration devices, or an X-ray diffrac¬ 
tion equipment. 

The big manufacturers of indicating and recording in¬ 
struments were all represented by large displays. The 
large number of control components and instruments re¬ 
flected the fact that the process industries (chemicals, 
petroleum, metals, etc.) furnish the largest base for the 
Instrument industry, and for the membership of the ISA, 

Significant of the role of advanced instrumentation in 
industry was the showing of soundly engineered commer¬ 
cial products such as the recording spectrophotometer 
with nearly 300% automaticity, supersonic generators 
and materials testing devices, computing mechanisms, 
X-ray diffraction equipment, etc., which only a few years 
ago were new in the research laboratory, as rough experi¬ 
mental models. 

Instruments for measurement and control of flow, 
temperature, time, and chemical concentration, were much 
in evidence. But electronic, radioactive, geophysical, and 
meehano-electronic devices were also shown in profusion: 
the mass spectrograph leak detector, vibration pickups, 
roughness indicators, accelerometers, etc. 

Various agencies of the government had been invited 
to participate in the exhibit. The Department of the 
Navy was represented by the Bureau of Ordnance, tho 
Naval Ordnance Laboratory, the Naval Ordnance Test 
Station, and the Bureau of Aeronautics. The National 
Bureau of Standards also had an exhibit. One of the 
most striking Navy exhibits was a radio tracking equip¬ 
ment (Raydist), recording in the booth the location of 
a boat cruising up and down the Mississippi, carrying 
a transmitter. Another was an X-ray planigraph, in 
which the object being X-rayed was oscillated in a com¬ 
plicated motion during exposure. The resulting picture 
showed clearly the details of structure in a certain se¬ 
lected plane within the object. 

It is to be hoped that, in the future, participation of 
such agencies as the Public Health Service, the Atomic 
Energy Commission, and the Bureau of Reclamation 
will be obtained, to bring the instrument developments 
in these fields to the attention of the technical public and 
give stimulus to joint attacks on special measurement^ 
problems. 

Participation of manufacturers of biological and medi¬ 
cal equipment might be increased by arranging some 
joint sessions with the American Medical Society, per¬ 
haps, or the American Physiological Society. The prob¬ 
lems of measurement in the study of the human body 
aud its ills, in physiology, and in biology generally, may 
be sufficiently specialised, and are certainly sufficiently 
important, to justify iachuionofthese fields in the area 


But the society, and the exhibit, are new: they will 
develop, and will emphasise, those fields in which the 
greatest interest is found. Each member of the AAA8 
who can do so should attend future ISA exhibits and par¬ 
ticipate in its conferences. 

The 3 $50 conference will be held next September in 
Bufifcilo, N. Y. 

Fourth Conference on Low Temperature 
Calorimetry 

Daniel R. Stull 

• Dow Chemical Company, Midland, Michigan 

The Fourth Conference on Low Temperature Calori¬ 
metry was held in Cambridge, Massachusetts, on Sep¬ 
tember 10, during the meeting of the International Con¬ 
ference on the Physics of Very Low Temperatures. Both 
conferences met at the Massachusetts Institute of Tech¬ 
nology and, because of the similarity of interests, each 
conference was attended by some members of the other 
group. The morning and afternoon sessions were at¬ 
tended by representatives of some 25 university, indus¬ 
trial, and government laboratories from Europe and the 
U. 8. In the absence of Hugh M. Huffman, chairman of 
the previous three sessions of this conference, the meet¬ 
ing was presided over by Daniel R. Stull, of the Dow 
Chemical Company. 

Herman L. Fink, of the U. 8. Bureau of Mines, pre¬ 
sented a report on thermochemical and calorimetric stand¬ 
ards by the Subcommittee of the NBC Committee on 
Physical Chemistry. The report pointed out that by inter¬ 
national agreement the absolute joule has been selected 
as the standard unit of energy. This unit may be trans¬ 
ferred from the national standardizing laboratories to 
the investigator's laboratory by the use of appropriate 
electrical standards and in some cases by means of a 
standard substance which takes part in a chemical reac¬ 
tion. The report continued with recommendations bear¬ 
ing on the physical states and chemical changes involved 
in calorimetric measurements, and dealt more specifically 
with the problems associated with combustion calori¬ 
metry; specific heat of solids, liquids, and gases; and 
solution calorimotry, including heats of solution, heats 
of reaction, and heats of dilution. 

In former meetings of this conference, three substances 
were chosen as standard materials for the comparison of 
calorimeters. Normal heptane (bp + 98.4 0 G, mp -*00.56* 
G) was selected as a liquid for the low temperature 
range, benzoic acid (mp f 129.36* 0) as a solid substance 
for the sftme range, and synthetic sapphire for work at 
high temperatures. These samples have been prepared 
under the direction of Edward Withers of the National 
Bureau of Standards, and the methods and precautions 
observed in their preparation were described to the con¬ 
ference by George T. Furukawa. They are now ready for 
issue, and are not regarded os part of the standard sample 
series of the bumu, but are reserved for the use the 
conference and for related special purposes. Bines tbn 
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initial purpose of these samples is the comparison of the 
values of specific heat measured in different calorimeters 
and by different methods, and in view of the elaborate 
purification and high purity of the samples, it was the 
recommendation of the conference that the samples not 
be squanderod by use as a calibrating substance, but used 
for the purpose of comparison. Hence, the above sam¬ 
ples will be issued without charge by the National Bureau 
of Standards to any reputable laboratory agreeing to re¬ 
port the results of their measurements to the bureau. 
Requests for these samples should be made to F. G. 
Briekwedde, National Bureau of Standards, Washington 
25, D. C. It was suggested that the results of these 
measurements and their comparison would be of interest 
to the conference at some future meeting. 

A discussion arose over the merits of a fractional melt¬ 
ing technique vs. a fractional freeezing technique as a 
method of purification. It was brought out that when 
thermal equilibrium exists, these two methods become 
identical. 

John G. Aston described plans for reestablishing the 
temperature scale of Pennsylvania State College. Since 
1933 the temperature scale of this laboratory has been 
based on copper-constantan thermocouples which are now 
about worn out. The new scale will be based on eight 
platinum resistance thermometers, and will be compared 
with a helium gas thermometer from 10° to 90° K. In 
close cooperation with the National Bureau of Standards, 
improved apparatus, particularly manometry, has been 
constructed, which Dr, Aston feels will decrease the de¬ 
parture of his scale from the true thermodynamic tem¬ 
perature scale to about 9.03 9 . 

H. L. Johnston, of Ohio State University, mentioned 
some high pressure PVT (pressure-volume-temperature) 
work in progress in his laboratory which will yield im¬ 
proved virial coefficients of helium, and decrease their 
uncertainty to perhaps one third. Dr. Briekwedde pointed 
out that increased certainty in these virial coefficients 
would depend upon the value of the gas constant R. 
Dr$. Johnston and Briekwedde then developed the facts 
that the thermodynamic temperature scale (based on a 
perfect gas) could be defined in two different ways: (1) 
the difference in temperature between two thermal states 
(say steam and ice) can be assigned a value; and (2) 
a value can be assigned to a single thermal state (say 
the ice point) ♦ Thus, either way, the whole scale will 
be fixed. Dr. Briekwedde remarked that the Inter¬ 
national Union of Physics at its last meeting had recom¬ 
mended that the temperature of the ice point be selected 
once and for all time by the International Bureau of 
Weights and Measures, 

Another project of the conference aimed at unification 
of the temperature scales of the various laboratories en¬ 
gaged in calorimetry Was the construction of forty plati¬ 
num resistance thermometers (platinum thimble type) of 
one lot of platinum wire by the Deeds A Narthrup Com¬ 
pany of Philadelphia. These forty thermometers have 
bech purt^ased^ by various laboratories, and are being 
aunt to the Kattonal bureau of Standards for calibration. 
By specials the bureau; will calibratetbeee 


thermometers down to 11* K. Harold J. Hoge described 
the methods used to compare these thermometers with 
NBS standard platinum resistance thermometers pre¬ 
viously calibrated against a helium gas thermometer. Dr. 
Hoge mentioned that up to the present time, sixteen of 
these thermometers have been calibrated from 11* K, two 
are in the process of calibration, and six are awaiting cali¬ 
bration. 

F. W. Schwab and E. Withers (J. JEfos. Nat But. 
Stand., 1945, 34, 333) have developed a Pyrex cell con¬ 
taining benzoic acid for use as a secondary fixed point 
in thermometry. Dr. Hoge reported that to date more 
than sixty of these had been issued, and are certified 
±0.003° C by the bureau. Experimental work is now 
in progress on new cells containing diphenyl oxide, tert- 
butyl alcohol, and normal heptane. 

Dr. Hoge also described a special potentiometer in use 
by the bureau, and built by the Rubicon Instrument 
Company, of Philadelphia. This potentiometor will meas¬ 
ure up to a total of 31 v with a precision of one part in 
ten thousand when measuring over one volt, 

R. B. Scott described a new Simon type helium liqui- 
fier recently built at the National Bureau of Standards. 
It contains a stainless steel bomb of 1800-ml capacity 
surrounded by liquid hydrogen and in turn by liquid air. 

J. G. Aston described a convenient helium liquifier re¬ 
cently built in his laboratory. The constructional fea¬ 
tures are such that the apparatus lends itself nicely to a 
variety of different experiments. At present it is being 
used to study the adsorption of gases on titanium dioxide. 
The equipment contains a Woods metal joint, which is 
easily opened and closed vacuum tight. 

E. F* Muellor, of the National Bureau of Standards, 
described two unsuccessful attempts to construct plati¬ 
num resistance thermometers of 1.25-mil wire. He de¬ 
scribed two G2 Type Mueller bridges (constructed by 
Leeds & Northrup Company, of Philadelphia, for the 
bureau) containing resistors made of the new gold- 
chromium alloy which is reputed to have properties some¬ 
what improved over manganin. He reported that a third 
such bridge has been built by the General Electric Com¬ 
pany of Schenectady, New York. 

New alloys are in prospect which may meet the strin¬ 
gent requirements set down by Mr. Mueller, as follows: 

1. The wire shall have a coefficient from 20 9 to 80* C 

which does not exceed 1 ppm. 

2. As the temperature of the coil goes up above 25* C, 

the resistance goes down. 

13. The coll must be stable over ft period of time. 

. In 1947 Mr. Mueller designed an improved bridge 
along the lines of the G2 type. Among the new features 
may he listed: 

1. Range up to 400 ohms. 

2. Lowest dial has steps of 0.00001 ohm. 

3. MiUiammeter improved so that by taking the reals- 

tanoe at two values of current one can extra¬ 
polate to the resistance at sero current. 

4. Commutator also reverses die ratio anas. 

5. Larger knobs on the dials. 

6. Twelve positions on each dial. 
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L Estermann reported on another project carried out 
by members of the conference* During the war, some of 
the specialty calorimetric materials were ordered in bulk, 
and resold to participating laboratories on a nonprofit 
basis. For example, some twelve or fifteen participants 
made up an order of some $2500 worth of monel and 
inconel tubing. If ordered individually, it would have 
Cost at least twice this figure. In some eases, short pieces 
were shipped by mail from the Carnegie Institute stock, 
and much time was saved. In about six weeks or so, 
another order will be gotten together, and anyone in- 
tei^sted should write to I. Estermann, Carnegie Institute 
of Technology, Pittsburgh. 

Dr. Estermann emphasised the fact that in several 
cases errors in third law entropies have come from tran¬ 
sitions which occur below the temperatures which can be 
reached by liquid nitrogen. Hence, extrapolation from 
liquid nitrogen temperatures to absolute zero involves this 
uncertainty. Dr. Estermann also proposed a rapid search 
with a calorimeter of say 1 to 2% accuracy to hunt for 
such transitions, and to survey a number of compounds 
to single out those profitable for further study. 

Symposia on Conformal Mapping and 
the Monte Carlo Method 1 

J. H. Curtiss *nd E. F, B«c ken bach 

National Bureau of Standard*, Watbington, D. C. 

Symposia on the Construction and Applications of Con¬ 
formal Maps and on the Monte Carlo Method were held in 
Los Angeles at the Institute for Numerical Analysis of 
the National Bureau of Standards at the end of June. 
Between these two symposia, a two-day condensed course 
in automatic computation was given under the direction 
of Harry D. Huskey, head of the Machine Development 
Unit of the institute. The symposia and the condensed 
course formed an integrated series of lectures and dis¬ 
cussions on topics pertinent to the work of the institute, 
which lasted for some ten days—from June 22 to July 1 
inclusive. The combined registration for all the events, 
as recorded at the Institute, totaled about 350 persons. 
The meetings were held in various buildings on the cam¬ 
pus of the University of California at Los Angeles, where 
the Institute for Numerical Analysis is located. 

The purposes of the Symposium on the Construction 
and Applications of Conformal Maps were to consider 
physical applications of conformal maps and their gen¬ 
eralizations, and to study the construction of conformal 
maps With a view to determining the possible applicabil¬ 
ity of high speed electronic digital computing machines 
in this field. The symposium began on June 22 with a 
one-day course on programing for automatic computers 
given by the staff of the bureau’s National Applied 
Mathematics Laboratories < of which the institute is on* 
unit). This course was designed to acquaint those at¬ 
tending the later meetings of the symposium with the 

* ?ro«s*dhj«s pfbath arc hsln« ptibllih«J by the 
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preparation of problems for automatic digital computing 4 
machines, and was especially arranged to appeal to mature 
mathematical analysts and applied mathematicians. 

The morning of the second day was devoted to a gen¬ 
eral mathematical introduction in the form of addresses 
by Richard von Mises, of the Graduate School of En- 
gine^ing of Harvard University, and Richard Courant, 
director of the Institute for Mathematics and Mechanics 
of New York University* J. H. Curtiss, of the National 
Bureau of Standards, was chairman of this meeting. Dr. 
von Mises gave a critical review of digital methods now 
available for constructing conformal nkps. He strongly 
stressed one point which was of considerable interest to 
the persons in the audience concerned with machine de¬ 
velopment: In his opinion what is now really needed 
more than anything else in the field of high speed auto¬ 
matic computation is a machine which will solve very 
large systems of linear algebraic equations. He sug¬ 
gested iu this connection that the speed of a proposed 
digital computing system should be measured in terms of 
the number of algebraic equations it can solve in a given 
length of time, rather than by its speed of multiplication. 
Dr. Courant *» lecture was devoted to the conformal map¬ 
ping of multiply connected regions, particularly as illus¬ 
trated by flow patterns, and he touched upon tho uae of 
various analogue devices such as electrolytic tanks to 
calculate such maps. 

The afternoon session, with D. V. Widder, of Harvard 
University, as chairman, was devoted to papers on physi¬ 
cal and industrial applications of conformal mapping by 
G. Szego, H. Poritsky, G. Stein, Ernst Weber, and I. S. 
Sokolnikoff. J. L. Barnes, of tho University of Cali¬ 
fornia, Los Angeles, and North American Aviation, Inc., 
was chairman of the next morning session, which was 
concerned with fluid dynamics. Speakers were Alexander 
Weinstein, I. E. Garrick, Alexander Ostrowski, S. E. 
Warschawski, Andrew Vazsonyi, and E. P. Cooper. 

Discussions of the theory of conformal maps occupied 
the next afternoon session. W. T. Martin, of Massachu¬ 
setts Institute of Technology, was chairman and papers 
were presented by A* C. Schaeffer, D. C. Spencer, Stefan 
Bergman, Menahem Schiffer, Zoev Nehari, and P. R. 
Garabedian. 

The general morning session with which the last day 
of the conformal mapping symposium opened was pre¬ 
sided over by J. W, Green, of the University of Cali¬ 
fornia, Los Angeles. Papers were contributed by L. V. 
Ahlfors, L. Here, P. C. Rosenbloom, G. Szego, R. Isaacs, 
and M. Shiffman. 

H. F. Bobnenblusfc, of California Institute of Tech- 
' nology, was chairman of the final afternoon session, de¬ 
voted to numerical methods and additional notes* Speak¬ 
ers were Sir Richard Southwell, H. D. Huskey, D. M. 
Young, O. Laporte, H. Lewy, and L. H. Swinford. 

The symposium was arranged by a committee of the 
Institute for Numerical Analysis under the chair man ship 
of Edwin F. Beckenbanh. The role played by the Office 
W Naval Research in the proceedings Was a significant 
dhe: aconriderabla ;; hW4i*r ; bf the : 
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entire research group of the institute itself U also sup¬ 
ported by ONE, Several interesting conclusions could 
I* drawn from the symposium. In the first place, it 
seemed clear that there is a continuing interest in con¬ 
formal mapping on the part of scientists working in the 
applications of mathematics, especially in electrical en¬ 
gineering and fluid dynamics. In the second place, it 
became evident that there was a need for a much more 
extensive catalog of conformal maps (given both analyti¬ 
cally and in tabular form) than now exists. Finally it 
seemed apparent that digital techniques adaptable for 
automatic computing machinery are at present receiving 
little attention by those working in the field of conformal 
mapping, and extensive comparative studies of the rela¬ 
tive usefulness of known methods and the newer proba¬ 
bilistic methods are now very much needed. 

The Symposium on the Mont© Carlo Method was ar¬ 
ranged and sponsored jointly by the RAND Corporation 
of Santa Monica and the Institute for Numerical Analy¬ 
sis, with the cooperation of the Oak Ridge National Lab¬ 
oratory. Because the symposium dealt for the first time 
with an interesting branch of applied mathematics on 
which work hitherto has largely been carried on under a 
cloak of classification, the symposium attracted a con¬ 
siderable amount of attention, particularly from personnel 
of the laboratories of the Atomic Energy Commission. 

The Monte Carlo Method can be described quite gen¬ 
erally as the representation of a physical or mathematical 
system by a sampling operation satisfying the same prob¬ 
ability laws as the system itself. Thus for example, the 
numerical integration of partial differential equations of 
a certain type can be accomplished by building up a large 
sample of trials of certain stochastic processes whose 
probability functions asymptotically satisfy the partial 
differential equations. In certain physical* situations 
formerly represented by such equations, the physicist may 
prefer to place primary emphasis on the stochastic proc¬ 
esses and the associated sampling operations, which he 
will then regard as new models to be used in place of the 
continuous models of classical applied mathematics. 

The over all plan of the Monte Carlo Symposium was 
evolved in conversations held by the committee on ar¬ 
rangements with J. von Neumann, of the Institute for 
Advanced Study. 

An essential part of the plan was that a gallery of dis¬ 
tinguished mathematical statisticians and experts in the 
analytic theory of probabilities would be present in the 
audience during the first two days, and that on the after¬ 
noon of the lost day they would participate in a round 
table discussion at which the proceedings of the earlier 
sessions would be examined from the mathematician ’a 
tfni statistician's viewpoint. 

After the introductory session on the morning of June 
29, at which S. Warn and J. von Neumann discussed the 
Wetbry of the Monte Carlo Method and outlined the 
area* in which it is being applied, some twelve papers 
^utfreatapplications were given by the following 
1 ■ ■ Wilson, B, i, gpinrad (a joint paper 

\ ^ Houeeholdw, Wendell tfe- „ 

■ #■ ■ VgfO Fano, 


Gilbert W. King, Maria Mayer, Preston Hammer, B, A. 
Shoor (a joint paper with Lewis Nelson, Wendell De- 
Marcus, and Robert L. Echols), and Herman Kahn (a 
joint paper with T. E. Harris). A paper by Lt. Wiiliston 
Bhor, TJ.S. N., was read by title. The sessions were under 
the chairmanship of J. von Neumann and Frank C. Hoyt. 

A session on random digits was held on the afternoon 
of June 30 under the chairmanship of Jerzy Neyman, 
University of California, Three shorter papers were 
given first on the generation and testing of random 
digits by George W. Brown, Nicholas Metropolis, and 
George E. Forsythe. Dr, von Neumann then gave an 
interesting general discussion of the philosophy of ran¬ 
dom digits and of various possible techniques that could 
be used in generating them. One of tho points lie made 
was that any number used during the course of a compu¬ 
tation in automatic digital computing machines ought 
to be the product of a reproducible routine, and from this 
point of view mathematically generated “pseudo-ran¬ 
dom * * numbers and digits are to be preferred to random 
digits created by some sort of physical or mathematical 
“truly random ’ 1 sampling process which takes place 
within the machine. 

Both of the last day’s sessions were under the chair¬ 
manship of John W. Tukey, of Princeton University. In 
the morning a mathematical session on the connection 
between stochastic processes and differential equations 
was held. William Feller first gave an informal general 
survey of the field. He was followed by J. L. Doob, 
who presented some recent results on stochastic differ¬ 
ential equations, and then Mark Kac discussed certain 
results relating to the distributions of cumulative sums 
of random variable and differential equations. At the 
round table discussion in the afternoon of the last day 
it was emphasised that the method of sampling had long 
been used in the statistical field to solve difficult problems 
in distribution theory. 

Tim symposium indicated that there are many interest¬ 
ing possibilities in the Monte Carlo method, particularly 
if it is used in connection with automatic digital com¬ 
puting machinery. The mathematicians of the Institute 
for Numerical Analysis concluded that the method is at 
present largely being employed by physicists as a rough 
tool of applied research to obtain results which can 
later be checked against experiment, and more attention 
now needs to be given by mathematicians to the theoreti¬ 
cal aspects of the model considered in the light of the 
modern classical theory of stochastic processes. They 
also concluded that the use of the Monte Carlo Method 
as a technique for solving strictly mathematical problems, 
such as partial and ordinary differential equations, is in 
its infancy and much experimental numerical work as 
well as theoretical work must be done before the advan¬ 
tages of the method for a wide area of problems over the 
older deterministic methods of solution are established. 
The symposium also brought out once again that the 
modern cl&astcal analytic theory of probabilities is still 
a closed book to many mathematicians and physicists, 
and that there is urgent need for competent and well- 
organited exposition in the field. 
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International Conference on Instruments 
and Measurements 

Edy Velander 

Swedish Academy of Engineering Sciences, Stockholm 

Throe hundred fifty scientists and engineers from 16 
different countries met September 21 at Stockholm, 
Sweden to take part in an international conference on 
instruments and measurements under the sponsorship of 
the Royal Swedish Academy of Engineering Sciences and 
the Association of Technical Physicists. TJnesco was 
represented by an observer, It. Naidu. For four days 
papers were given and discussions were held in four paral¬ 
lel divisions: physical methods for the study of chemical 
structure, such * as spectroscopy and X-rays; mechanical 
measurements; industrial control; and metrology. 

The conference was opened by Edy Velnnder, of the 
Swedish Academy of Engineering Sciences, and the open¬ 
ing lecture was made by W. E. Wildhack, of the U. 6. 
National Bureau of Standards, who characterized instru¬ 
mentation as the common denominator of the sciences. 
Instrumentation, he said, is the connecting horizontal link 
between the vertical divisions of science—chemistry, phys¬ 
ics, biology, and the others. Mr. Wildhack also brought 


greetings from the Fourth National Instrument Confer¬ 
ence and Exhibit in St. Louis, Missouri, sponsored by the * 
Instrument Society of America. 

In the spectroscopy division, A. C. Henries, of HUger 
and Watts, Ltd., London, talked on progress in Great 
Britain in infrared and Raman spectroscopy. Dr. Menaiee 
described* new source for Raman spectroscopy which per* 
mits%pectra suitable for qualitative work to be obtained 
with exposures measured in seconds, and spectra suitable 
for quantitative work in about a minuie, Edy Velander 

(Continued on page 585) 

\ 

Photographs, 1, 5, and 6, opposite pope — booths at th* 
fntemotional Instruments and Measurement Nvhibit, Stock¬ 
holm (courtesy of Dagens Bild, Stockholm), Photograph *> 
l and 4—Raydist master recording station and continuous- 
wave transmitter, on display at the National Instrument 
Exhibit at St. Louis. Manufactured by the Hastings Instru¬ 
ment Company, Hampton , Virginia, for the Bureau of Ord¬ 
nance, V . 8. Navy, the Raydist automatically spots a vessel 
or any other object sending out radio waves in a given area 
It measures distances up to too miles, unimpeded by moan 
tains or tail buildings that intervene . Photograph B, bi> 
Eugene Taylor, shows smoke density recorder dislpayed bp 
the Bailey Meter Company, Cleveland, at the St. Louis 
Exhibit. 

Sketches below, made at the Stockholm conference, are by 
tfUtie Afelonder, 
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Summaries of Selected Papers Presented at the 
1949 National Instrument Conference 


A Mass Spectrometer for Isotope 
Ratio Determinations 

H. F. Wiley 

Com olidated Engineering Corporation 
Pa$adena t California 

Research workers in the fields of chemistry and bio¬ 
chemistry have today an attractive opportunity to use the 
stable isotopes of a number of common elements for 
tracer experiments, largely as a result of two recent 
developments. First, compounds enriched in the stable 
rare isotopes have become generally available at reason¬ 
ably cost. Second, a mass spectrometer designed specifi¬ 
cally for isotope ratio measurements now can be pur¬ 
chased as a complete unit. 

The advantages of using stable rare isotopes for tracer 
experiments, as compared to using radioisotopes, are that 
nitrogen and oxygen have suitable stable but no suitable 
radioactive isotopes, and that deuterium, the stable iso* 
tope of hydrogen, may be obtained in nearly pure form. 
The main disadvantages are that the assay equipment is 
much more complex and expensive, and that the rare 
stable isotopes occur in nature in relatively largo abun¬ 
dances, thus limiting their ultimate dilution when they 
are used as tracers. Their Occurrence in nature makes 
possible, however, the interesting work in the field of 
geology reported by H. 0. Urey, A. O. Nier, and others. 

Following the work of J. J, Thompson, demonstrating 
the isotopic nature of neon, A, J. Dempster, F, W. Aston, 
and others designed and used mass spectrographs for the 
accurate determination of the masses of the isotopes of 
many elements. Several years ago A. 0. Nier published 
a fairly complete description of a mass speedometer in 
use at the University of hfinnesota for the precise deter¬ 
mination of the relative abundances of the stable isotopes 
(2). The basic design of this instrument has been em¬ 
ployed in the isotope ratio mass spectrometer described 
here. 

The fundamental principles of the mass spectrometer 
are illustrated in Fig. 1* The sample of gas, at an ab¬ 
solute pressure of about 30 mm Hg, is continuously bled 
through a capillary restriction into an “ion source, M 
In the ion source, which is maintained at greatly reduced 
pressure, the gas molecules are bombarded by a stream 
of electrons emitted by a tungsten filament. The elec¬ 
trons have sufficient energy so that on the collision of an 
electron and a molecule there is a high probability that 
the molecule willhe ionised. A certain portion of the 
collisions result in dissociation and the ionisation of one 
or more fragments of thy molecule. The ions are pro¬ 
jected Into analyser tuWat high relocitybyineatosof 


an electrostatic field in the source. In the analyser tube 
the ffins pass through the field of a 60* sector magnet, 
which causes the ions of different masses to follow dif¬ 
ferent paths. The intensities of the accelerating and 
magnetic fields are adjusted to focus all ions of one par¬ 
ticular mass on a collector, and the current to this col¬ 
lector is amplified and measured. 

Most mass spectrometers have only a single ion col¬ 
lector. A comparison of the intensities of the two dif¬ 
ferent ion beams requires the focusing and measuring 
of each beam in turn. In the isotope ratio instrument, 
however, there nro two collectors, arranged so that all 
ions of one specific mass strike one collector at the same 
time that all ions of another specific mass strike the 
other collector. The currents to each of the two are am¬ 
plified and the ratio of their magnitudes read directly. 

I OH COU.ECTOH9 



The ion source, analyser tube, and dual collector as¬ 
sembly of the Consolidated-Nier isotope ratio mass spec¬ 
trometer ($) follow closely the construction described by 
Nier. Except for small glass insulators* these parts are 
all metal, principally nichroffie, inconel, and nonmagnetic 
stainless steel. The analyser tube is covered by a heater 
winding and may be baked but at a controlled tempera¬ 
ture to reduce background gases after exposure to the 
atmosphere. 

A permanent magnet is used in place of the usual elec¬ 
tromagnet and associated power supply. The magnetic 
field strength can be changed over a range of four to one 
by means of movable shunts which divert the flux from 
the main gap. The position of the shunts is adjusted by 
rotating a small hand wheel. 

The high vacuum system for the analyser tube consists 
'of a cold trap, a water-cooled mercury diffusion pump, a 
ballast volume, a mechanical backing pump, and a vacuum 
gage. Dry ice or liquid nitrogen is used as the coolant 
in the trap. ■ 

The electronic circuits consist of a high voltage power 
supply for the ion-acOelmatbig potentials, an eloctron 
emission regulator, '.and'the’ 
theft power supply. ..The hi^ vohage powsr supply pro* 
vWes a voltage biffOOO v, rcgulatM to about O.l^. 
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emission regulator maintains the electron ionizing cur¬ 
rent at a constant value by controlling the temperature of 
the tungsten filament. Two identical ion eurrent ampli¬ 
fiers are used, each amplifying the current to one of the 
two collectors. The amplifiers employ a unity gain cir¬ 
cuit in order to meet the severe requirements with respect 
to dynamic rauge, sensitivity, and stability. The first 
stage, or preamplifier, of each amplifier is mounted close 
to the collector assembly and its components are carefully 
matched to the other to reduce the drift cf the amplifiers 
with respect to each other. 

The few controls and switches are mounted within easy 
reach of the operator. The most important of these are 
the decade dials and null indicating meter used in meas¬ 
uring the isotope ratio. 

The resolution of the isotope ratio mass spectrometer 
is adequate for precise ratio measurements up to about 
mass 70. In the case of CO a the contribution of mass-44 
ions to the masa-45 ion boam is less than 0,04% of the 
mass-44 ion beam intensity. 

The dual collectors cannot be used for the simultaneous 
collection of hydrogen and deuterium ions because of the 
greater spatial separation of the two ion beams at the 
points of focus. Provision is made, however, for con¬ 
veniently comparing their intensities by using a reference 
voltage as a standard. 


TABLE 1 

Rrproducibimty or Successive Isotope-Ratio 
Determinations 


Reading 

No. 

N, 

Mass 29 

Maes 28 

CO, 

Mass 45 

Ma»H 44 

Mass 8 

Mass 2 

1 

.007560 

.011 BOB 

.000805 

2 

.007563 

.011598 

.000303 

8 

.007570 

.011594 

.000396 

4 

.007504 

.011590 

.000308 

5 

.007507 

.011593 

.0(10395 

e 

.007504 

.011594 

.000397 

T 

.007505 

.011590 

.000306 

8 

.007567 

.011597 

.000890 

Mean 

,007506 

.011594 

.000306 

S. D. 

.0000025 

.000003 

.000002 


Only gas samples can be introduced into the instrument, 
•o the. products of an experiment must be converted to 
CO* 0„ or Hj-D* depending on the tracer used. 
The sample is bled into the evacuated introduction sys¬ 
tem from a suitable container through a system of stop* 
cocks, and a Toeppfer pump is provided for adjusting 
the sample pressure. Gas samples as small as 0.1 ml 
S;T.P. can be handled. To achieve maximum precision all 
related samples are compared to a standard sample, and 
this standard is run frequently in order to overcome the 
effects of long tern drifts* The excess of rare isotope is 
computed with refcrenee to the standard. 

It is of great proetieal interest to know the maximum 
dilutionwhichaa enriched materiel can undergo and still 
bedeteete<L This ultimate dilution can be computed 
- of the 'tracer material and the 'mini¬ 


mum detectable excess of the rare isotope over its natural 
abundance in the dilutant. While the minimum detect¬ 
able excess may be affected by natural variations of the 
normal material, it is the precision in measuring a change 
of isotope ratio at the normal abundance level which is 
considered here. With the mass spectrometer described, 
the ratio is read to six figures and is significant to about 
.000005, as illustrated in Table 1. Each column of this 
table represents eight successive measurements made 
within a short period of time on a single sample of the 
gas indicated. 

With precision comparable to that shown in Table 1, 
SO atom % enriched hydrogen, nitrogen, or carbon may be 
diluted to 1 part in 100,000 in normal material. For the 
great majority of applications, this precision is highly 
satisfactory; thus the isotope ratio maos spectrometer is 
a tool of outstanding value in the numerous scientific in¬ 
vestigations involving stable isotopes. 

References 

1. Nieh, A. O. Hev. eel. Inetr ., 1947, 18 , 1198. 

2. Washuubn, II. W. V. 8, Naval Medical Bulletin* Sup¬ 
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The Photogcaphic Plate as an Instrument in 
Nuclear Research Autoradiography and 
Radiation Monitoring 

J, H. W.bb 

Kodak Company , RochttUr* New York 

The photographic plate has become in recent years a 
very valuable tool for measurement of radiation from 
radioactive materials. Such radiations include charged 
particles of all types—electrons, protons, alpha particles, 
and ionised atoms, as well as electromagnetic radiation 
such as X-rays and gamma rays. Extensive applications 
of the photographic plate have been made in the fields 
of nuclear physics, autoradiography, and in radiation 
monitoring. 

Nuclear phyeioa. In 1045, following the tremendous 
expansion in nuclear physics during the Avar period, and 
the development of higher energy accelerators, physicists 
began to look seriously to the photographic plate as a 
means of registering the paths of high energy charged 
particles. For this purpose, the photographic plate re¬ 
sembles closely in action that of the Wilson cloud cham¬ 
ber. However/the silver bromide emulsion with its high 
stopping power (about 0,000 that of air), continuous 
senaitivity> and simplicity, gives it distinct advantages 
not possessed by the cloud chamber. 

The Ilford Company in England pioneered in the field 
of producing the modern type nuclear emulsion and in 
1945 produced a series of plates that far Surpassed in 
sensitivity plates previously made. Subsequently, the 
Eastman Kodak Company in America, together with their 
British affiliate, Kodak Limited, started a program of 
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research Which resulted in a aeries of plates that paral¬ 
leled in quality and exceeded b sensitivity any previous 
plates. Plates are now commercially available that will 
record any type of charged particle, including electrons 
at the minimum ionisation energy, with clear tracks, and 
low background fog. 

Nuclear track plates differ markedly from the ordinary 
optical type emulsions, being distinguished by a high 
silver bromide-to-gelatin ratio, by extremely small and 
uniform grain size, and very great thickness. Whereas 
the optical type emulsion has a silver bromide-to-gelatin 
ratio of about 50 : 50 and a thickness of 10 ji, the nuclear 
track emulsion has a silver bromide-to-gelatin ratio of 
SO; 20 and a thickness between 25 and 300 \i. 

A charged particle on passage through a material 
medium loses energy at a definite rate per unit of dis¬ 
tance, depending upon its charge and velocity and upon 
the number of electrons per cm* of the stopping material. 
The main portion of this energy loss goes into production 
of ions through the interaction of the particles with the 
electrons of the stopping atoms. The energy loss varies 
diroctly with the square of the charge On the particle 
and inversely as the square of its velocity. However, at 
velocities approaching that of light, the inverse v* rela¬ 
tionship becomes constant and relativistic effects enter 
to cause the energy loss curve to pass through a minimum 
value and rise slightly at higher energies. 

Photographic action of charged particles is closely 
linked with the energy loss rate curve described above 
and the sensitivity of an emulsion can be specified in 
terms of the highest energy particle that can be recorded. 
Low velocity particles have strong photographic action 
and high velocity particles have weak photographic action. 
Plates are now available that record particles at energies 
corresponding to the minimum of the energy loss rate 
curve and will thus pick up a background from cosmic, ray 
electrons. The useful life of such plates is limited in this 
way to about three weeks, there being no practical means 
of shielding^ 

The factors of rouge b the emulsion, grab spacing b 
the track, and the scattering of particles passing through 
the emulsion are important to the research worker doing 
quantitative work in nuclear track photography. By a 
combination of these attributes, it is possible to draw 
conclusions about the mass, charge, and energy of the 
particles under observation. 

Autoradiography. A very important application of 
the photographic plate b recent years has been in the 
field of autoradiography. This consists in the technique 
of locating and measuring the distribution of radioactive 
elements by means of photographic registration of the 
emanations from these elements. This means has been 
used for years b the study of naturally radioactive con¬ 
stituents of minerals such as radiam andthorittm. Lfhni' 
tation of radioactive elementste the few naturally occur* 
ring ones correspondingly rtsstricted the field of OutO' 
*ato With the advent of atomic ecjergy and the 

ntofflk pi3e, it has now beeome poerihle to p»duee t»dio- 
' elements of the 
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periodic table in considerable quantities. The use ai 
active isotopes b conjunction with the photographic plate 
has placed an extremely valuable tool in the hands of the 
chemist, metallurgist, biologist, and petrographer, whereby 
chemical elements can be traced b various substances, re¬ 
actions, and processes peculiar to each of these fields of 
work. 

Tift technique of autoradiography consists essentially 
in placing a photographic emulsion b contact with a 
given test sample of material and registering a self-por¬ 
trait of that surface by means of * * tagged * * tracer atoms 
in or near the surface. The picture jinay consist of a 
series of smoothed-over density values, as obtained in 
an ordinary picture, the contour map of the densities 
indicating the intensity of radiation. If, however, the 
radioactive atoms are very sparse it may become neces¬ 
sary to make &■ microscopic survey of the developed emul¬ 
sion to determine the* concentration of radioactive atoms 
from track counts. This method, though tedious, permits 
almost unbelievable sensitivity, it being possible to locate 
concentrations of the order of 10 4 atoms with isotopes 
haring a few days * half-life. Another feature of track- 
autoradiography is that it permits, under favorable cir¬ 
cumstances, the exact location of the emitting atom 
through location of the start of the track. Measurements 
have been published showing the location of active atoms 
within a few microns. 

Xadiafton monitoring. Photographic plates are being 
used extensively now as a monitoring instrument for the 
detection of health hazards. A small piece of photo¬ 
graphic film in the form of a dental packet can be worn 
on the person of a radiation worker and used as a con¬ 
tinuous integrating device for measuring either particle 
or gamma radiation. In monitoring for radiation, it is 
necessary to measure X-rays and hard gamma rays, since 
these are Very penetrating and are frequently hazardous. 

The fastest X-ray emulsions will register as little as 
0.05 roentgen and cover a range to about 2.0. Emulsions 
are available covering the range of exposures from this 
low limit up to 5,000 r. 

The materials used in a badge usually include a high 
speed film covering the range 0.05 r to 2 r and a second 
film covering the range 1 r to 10 r. In addition, a 
third film may be included to monitor for neutrons. The 
maimer of operation is as follows; A piece of Cd 1 mm 
thick is placed over part of the badge. The Gd will stop 
slow neutrons, beta particles, and soft X-rays. There¬ 
fore, the unshielded films will register beta radiation and 
soft X-rays, Behind the Cd shield, the films register the 
' hard X-rays and gamma rays. The bottom film i* » 
nuclear track emulsion that will register proton tracks. 
Slow neutrons can pass through the films on the side 
unshielded by Gd and give use to the nuclear reaction 
&**(&, P)G“ kr the N atoms of the 

emulsion. The fast neutrons penetrate the Gd* shield 
aid collide with hydrogen nuclei b the ftmu^ 
knock-on protons. It turn#out that tolerance levebof 
fast ond slow neutrons give convenient track counts b 
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Industrial Radar for Hurricane Tracking 

W. F. Gordoi And R. C. Jorgtium 

The Dow Chemical Company, Freeport, Texas 

An explanation seems in order as to why on industrial 
corporation manufacturing chemicals has apparently in¬ 
vaded the province of the tT. S. Weather Bureau in 
tracking tropical storms. The facts are that the program 
is not in competition with the Weather Bureau, but in 
cooperation with it; and it was undertaken in order to 
facilitate chemical manufacture. A hurricane need 
come no closer than a hundred miles to cause thousands 
of dollars * loss to the Dow Plants. The vulnerability of 
the site on the Texas Gulf Coast and the nature of some 
of its operations require that plant shutdown be started 
about twelve hours before the occurrence of hurricane 
winds. 

A hurricane is an area disturbance consisting of circu¬ 
lar winds about a calm center or eye. Apparently most 
such storms originate in the tropics, but they travel far 
and may strike coastal areas anywhere in the Tropical or 
Temperate Zones. Those in the Northern Hemisphere al¬ 
ways rotate counterclockwise, while those in the Southern 
Hemisphere rotate clockwise as viewed from above. Hur¬ 
ricanes are usually dangorous over a diameter of 100 miles 
or more, with the worst winds near the center. The calm 
area at the center may be several miles in diameter, and 
barometric pressure may be as low as 27 in. In addition 
to the very severe circular winds, which may exceed 
100 rnph, the whole disturbance moves as though it were 
a giant top spinning and sliding at the same time. This 
“forward” or sliding motion, which it is sought to fol¬ 
low or predict, usually ranges from 4 to 15 mph. How 
ever, the storm may stay in one spot for half a day or 
double back on its past track. 

A single storm may have a life as long as two week*, 
during which it traverses thousands of miles of ocean. 
Once the cycle is started, energy is poured into the storm 
continuously in the form of warm moist air. This causes 
heavy rains as it spirals in toward the center and the 
resulting pressure drop provides impetus for continued 
winds and more rain. The storm usually dissipates soon 
after hitting land areas, but these hurricanes cause much 
damage and loss of life on the Gulf and Atlantic coasts. 
They are invariably accompanied by extremely high tides 
and usually by torrential rains, 

The inhabitants of inland areas may have difficulty in 
comprehending the destruction of a hurricane, consider¬ 
ing that the 125-mile-an*hpur winds are only a fraction 
as gTeat as those of a Great Plains twister. The explana¬ 
tion is in the large area covered and the high water. 
Tides of Id ft have been experienced along the Gulf 
Coast, and 40*ft stom tides are not unusual in some 
areas. Add to this the fact that many coastal com¬ 
munities are 4-6 ft above sea level and it becomes ap- 
parent that eydone cellars are of no value. 

of a hurricane allows it to be detected 
by mean* q} radarf During the war it was discovered 
that aircraft eonld hide in heavy rainstorms and avoid 


detection by some types of radar because the rain gave 
a radar indication of the same type as an airplane, but 
over a wide area. The indication was not changed by 
the presence of an aircraft in the rain area. Later it 
was found that hurricanes presented a distinct picture on 
these radar sets because of the rain which almost invari¬ 
ably accompanies them. Fig. 1 shows a typical picture 
of the radar presentation of a hurricane on a plan posi¬ 
tion indicator, The picture is equivalent to a map or 
plan view of the area with the radar located at the con¬ 
vergence of the radial lines. These lines and the range 
circles form a polar coordinate reference system used to 
locate targets accurately with respect to the radar. 



. 




r 

-"V, : 

v *'-■-* r* - 

ilk 








Pio. 1. 

The irregular white areas represent radar reflections 
fom the bands of heavy rains. Radar returns of this 
type have been found to result from hurricanes in all 
parts of the world, and have never been observed from 
any other cause.. The picture shown was made from the 
’scope of a 10-cm Array radar during the 1945 hurricane 
which went up the Florida peninsula. 

The timing device of a pulsed radar set controls the en¬ 
tire set—transmitter, receiver, and the presentation de¬ 
vice. Powerful pulses of radio energy are generated by 
the transmitter and radiated in a highly directional beam. 
The receiver antenna and the receiver pick up the re¬ 
turned echo (if any) and send the notice of arrival to the 
presentation device, which measures the time required for 
the signal to echo from any target and gives a visual 
indication of this time. Usually the sice and intensity 
of the echo and its azimuth bearing from the radar are 
also shown. 

A single such pulse will give an indication of all the 
echo-producing objects In the path of the radio beam. 
However, since it may be desired to sweep the antenna 
rapidly through the complete 360* of rotation and scan 
the complete area covered by the radar, provisions must 
be made to send out rapidly recurring pulses. Thus the 
timer is designed to wait only the minimum time re¬ 
quired for the reception of an echo from the maximum 
expected range before repeating the cycle. In the event 
the antenna is not rotated, recurring echo pulses nre in- 
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dicated in the same position on the indicator and ore 
integrated by the persistence of the phosphor on the 
cathode ray tube to give a more distinct indication. 

Practical radar sets usually have numerous additional 
blocks which perform auxiliary functions. Most sets 
have only one antenna, which functions alternately for 
the transmitter and the receiver through the use of an 
automatic switch. Power servo systems permit the oper¬ 
ator to point the antenna in any desired direction by 
fingertip controls. Other devices may provide the auto¬ 
matic frequency control. 

Radar for general use or search usually is equipped 
with a type of presentation known as the Plan Position 
Indicator, or PPI. In this unit, time is measured by the 
radial distance which a spot moves from the center of the 
cathode ray tube. Direction in which the spot moves is 
made to coincide with the direction in which the antenna 
is pointing. The spot starts from the center at the time 
the radio wave is sent out, and moves from the center 
outward at constant speed. Reception of an echo is made 
to brighten the spot momentarily. Since travel time is 
proportional to the distance to the echo-producing object, 
and time also is proportional to the radial distance the 
Spot has moved on the indicator, this gives a bright spot 
for each echo-producing object in its map or plan aspect 
with reference to the radar set. Distance and angles 
may be scaled directly on this presentation. 

The factors affecting radio propagation and the ques¬ 
tion of what causes a radio reflection or echo have been 
Studied in great detail in connection with the wartime 
radar program. In general, any conductor of electricity 
or any insulator with properties greatly different from 
the atmosphere may cause a radio reflection. The reflec¬ 
tion is usually diffuse, comparable to light reflected from 
a rough surface. To produce a strong echo, the object 
must be of a size comparable to or larger than a half 
wavelength of the radio wave. However, much smaller 
objects, such as drops of water, cause some reflection; 
and if there are enough of these objects in a given area, 
an echo will be received. Calculations show that the 
aiiergy returned from a drop of water varies as the sixth 
power of the ratio of drop diameter to wavelength (g) 

Practically, tills means that 3000-megacycle or 10-cm 
radar sets will 1 * see M rain, while 100- or 500-megacycle 
sets will not. Radar operating on 10,000 megacycles or 
3 cm will indicate the presence of light rain or fog. 
Water drops of a minimum diameter of about 1.3 ram 
are indicated by 10-cm radar. Another point which 
Should be emphasised is that an object, need not be 
opaque to radio waves in order to produce an echo. An 
object may produce a radio echo and still transmit a 
large percentage of the signal. At times as many as 
three rainstorms in a row radially from a radar have 
been seen on the radar Jseope. 

Radio energy of wavelengths commonly used in radar 
work travels essentially in straight lines, just as light 
does* and diminishes as the square of the distance from 
the scarce. Under normal atmospheric condition* there 
is n slight bending in the vertical plane which extends 
the radar horizon sHgtotiy' beyond the - optical horizon.' 


To be "seen” by a radar set with its antenna at 25-ft' 
elevations, an object at a range of 100 miles must have 
an elevation of about 4,000 ft, while at 300 miles an 
object must be about 40,000 ft high. 1 Thus, it is seen 
that there is a definite limit to the range that may be 
attained, even though a very large amount of power is 
used. Meterologists are in general agreement that the 
control core of a hurricane may rise to 50,000 ft but the 
maximum* height at which water drops are present is 
probably Somewhat less. Because of these considera¬ 
tions, it appears that no radar of present design located 
on the ground will be able to detect a hurricane at ranges 
much in excess of 300 miles. Occasionally radar targets 
are detected at ranges far beyond the optical horizon. 
This is caused by anomalous atmospheric conditions, creat¬ 
ing a duct or layer through which radio waves are led 
around the earth’s curvature. Unfortunately this phe¬ 
nomenon cannot be relied upon to extend radar coverage. 

When it was decided to install a radar set for the 
purpose of tracking storms, the question of the most 
suitable typo arose. The Weather Bureau recommended 
the 8CR-584 or 784, since these sets are designed for 
about 3000 megacycles (30 cm) and have adequate power. 
A trailer-mounted SOR-784 was purchased and certain 
necessnry modifications were made with the assistance of 
Weather Bureau personnel. The installation was made 
under terms of an agreement whereby all data obtained 
with the radar would be sent directly to the Weather 
Bureau and would be released to the public only through 
that agency. The set was located about two miles from 
the open Gulf on land about 16 ft above sea level, with a 
clear view seaward. 

The SCR-784 has a very short pulse width or length of 
time during which energy is transmitted, and relatively 
short design range. This does not imply a lack of 
power, but rather a short listening period between trans¬ 
mitted pulses. The peak power of the set during the 
0.8-microsecond transmitted pulse is SCO kw, or five times 
that of the most powerful commercial broadcast station. 
Modification of the set for the weather work began with 
a slowing of the pulse repetition frequency to give more 
listening time between transmitted pulses. Additional 
multivibrator stages were added to the timing circuits to 
give a frequency of 188 pulses per sec, which permits re¬ 
ception of echoes from objects 300 miles distant. Then 
the presentation unit was modified to cause the cathode 
ray spot to sweep more slowly, corresponding to the time 
required to receive echoes from the longer range. Multi¬ 
ple ranges of 100, 200, and 300 miles were provided, with 
a selector switch to choose amqpg therm 
- This completed the necessary modifications, but several 
others were made in the interest of improved efficiency. 
A larger parabolic antenna reflector was installed in order 
to focus the radio waves into a sharper beam and thus 
give a higher concentration of energy and improved 
ability to resolve contiguous target* into separate flde* 
tores rather than merging them into a solid patterm 

The slowing of the pulse repetition frequency ymt 

1 R * 1.43 (Vl7,) it is raase tu miles and H,' 

and I, are heights of radar and target infect. 
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ously mentioned resulted in a reduction in the average 
energy transmitted by the Btation, since each pulse con¬ 
tains a definite energy and the number per second was 
reduced. In order to increase this average energy out¬ 
put, the pulse width was increased from the original 
0.8 microsecond to 1.6 microsecond. In general, average 
power is unimportant so long as peak power is main¬ 
tained, but a pulse of longer duration improves the sig¬ 
nal from a diffuso object or one with depth, such as a 
rainstorm. This greater pulse width gives poorer resolu¬ 
tion in range, but it is still more than adequate. The an¬ 
gular resolution of the modified equipment is of the order 
of two degrees, which means that at a range of 100 miles 
isolated objects less than four miles apart will have their 
echoes merged. This difference between angular and 
range resolution causes point targets to produce elon¬ 
gated pictures with the long axis tangent to range circles. 

Other modifications included installation of a new pre¬ 
amplifier and a larger PPI tube. Camera equipment was 
arranged to permit rapid photographing of the screen 
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with convenient means for identifying each picture as to 
date and hour. An automatic camera was also provided, 
to take a picture every minute. When projected as a 
movie film, the record of this camera should be very 
interesting. 

After the equipment was installed and modified, many 
observations were made to test the range and accuracy. 
Thunderstorms and isolated rains were observed and tele* 
phone calls were placed to verify the actual weather at 
the points where rain was indicated. Agreement was sur¬ 
prisingly good. Borne cases of disagreement were ap¬ 
parently caused by rain in the upper atmosphere which 
evaporated before striking the ground. Results were 
consistent enough to show that rain will always be 
indicated. Many storms have been observed at ranges 
greater than 200 miles, at least one at 240 miles being 
verified. Echoes from 280 miles have been observed. 
Several times the radar screen has presented a picture 
of a line squall that agreed very closely with a front indi¬ 
cated on the official weather maps. Figs. 2 and 3 indi¬ 
cate one cose of this type. Geographical features were 
dubbed in to orient the 'scope photograph better. This 
picture also illustrates a case of the radio waves 9 pene¬ 
trating 80 miles of solid rain and stRl retaining power to 
produce an echo from rain 100 miles distant. 

A program was set up for daily observations during 
the hurricane season—from the middle of June to the 
first of November, In the event that a tropical storm is 
known to be approaching, the equipment is manned con¬ 
tinuously. A weather consultant is on hand to interpret 
the results and direct the experimental program. Ex¬ 
perience during the war indicates that considerable infor¬ 
mation about a hurricane may be revealed by one obser¬ 
vation on the radar screen. The center or oyo of the 
storm is usually well defined as a clear area completely or 
partially surrounded by heavy rain. Even before the 
main part of the storm comes within range, the squall 
line associated with it may provide some information. 
These squalls may be from 40 to 100 miles from the 
center and they are thought to run at right angles to the 
line of progress of the storm. It is also generally 
acknowledged that rains are heaviest in the right front 
quadrant of the moving storm—this is based on storms 
in the Northern Hemisphere, which always have counter¬ 
clockwise rotation as viewed from above. In a storm 
moving radially, that is, approaching the radar, the move¬ 
ment should be Apparent from observations taken 15 min 
apart. This contemplates a speed of four mph and a 
range resolution of the radar of one mile. 

As an experimental program, efforts will be made to 
obtain a vortical profile of the hurricane core by taking 
successive photographs as the angle of antenna elevation 
is increased. If this is successful at ail, it will probably 
be at rather short ranges, since the angular resolution 
is hardly adequate for # this. 

Fortunately, the hurricane data Obtained thus far with 
this equipment has been of a negative nature. That is, 
the first hurricane season and a portion of the second 
have elapsed with no hurricanes having presented them¬ 
selves for observation. This does not dampen enthusiasm 
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for the program in any way, the range and reliability of 
the equipment having been proved on rainstorms. It 
must be acknowledged that the hurricane which struck 
New Orleans on September 8, 1948, passed within 300 
miles of the radar. No indication of a hurricane or even 
of rain was obtained during its course. HoweveT, this 
particular disturbance barely qualified as a hurricane, 
the highest wind velocity being 70 mph. Undoubtedly 
it did not reach the altitude required for radar obser- 
ration at this extreme range. 

Cosmic Ray Instrumentation 

H D. Sard 

Washington University , St. Louis, Missouri 

Cosmic ray w9rk is a subject rich in examples of ad¬ 
vances in instrumentation leading to great discoveries 
in pure science. Cosmic ray research started, in fact, as 
instrument research, as the investigation of the leakage 
of electricity through the air in electrometers. Coulomb 
(1785) can be considered its founder. His career ex¬ 
emplifies the mutually beneficial interaction between 
basic research and instrument development. He first 
determined the law of torsional elasticity, the way in 
which the elastic constant depends on the radius and 
length of the cylinder. He then used this knowledge in 
the construction of a torsion balance of unheard of 
sensitivity. With this instrument, which could measure 
forces down to 0.005 dynes, he discovered the inverse- 
square law of force between electric charges. He then 
made a more sensitive torsion balance, readable to 0.001 
dyne, with which he was able to prove, long before 
Faraday’s ice pail, that there is no electricity on the 
inner surface of a conductor in equilibrium. Like 
everyone who has experimented with static electricity, 
Coulomb observed the apparently inexorable leakage of 
charge. He, however, studied it quantitatively, and re¬ 
solved it into leakage along the supports and a leakage 
through the air. He planned a careful study of the de¬ 
pendence of the rate of leakage on the nature of the 
gas, its density, and its*humidity, but had to postpone 
the project for lack of “instruments to measure exaotly 
the purity of each gas and its humidity.” Had Cou¬ 
lomb carried out this program, he would have been well 
Into the physics of ionisation chambers. 

Wore than a hundred years later, in 1900, it was found 
that the conductivity of the air is due to continual ion¬ 
isation, and C. T. B. Wilson, in 1901, published the bold 
speculation that this ionization is due at least partly to an 
extremely penetrating radiation from outside the earth. 
In 1912-13, Hess and Kolhoerster obtained convincing 
evidence that there is an ionising radiation coming down 
from on highl and by 1926 the scientific world was on the 
whole convinced of the existence of ^cosmic rays. 

An outstanding example of an ionisation chamber 
now in use for the continuous recording of cosmic ray 
intensity is the so-called Carnegie Model C, designed by 
dempton, WoH*a,and Bennett in 1084.1n thie instru¬ 
ment the cosmic ray^ioniamtion ito al0.34sph«re of puri¬ 


fied argon compressed to 50 atmospheres is balanced * 
against the ionization in a small chamber due to the beta 
rays from a uranium source of adjustable position. 
The collecting electrode, common to the large chamber, 
whose wall is at + 250 v, and to the balancing chamber, 
whose other electrode is at —250 v, is connected to a 
Lindemai^n electrometer, the position of whose needle is 
record photographically through a microscope* The 
use of balancing makes the readings largely independent 
of voltage and temperature variations. With its 10.7-cm 
lead shield around it, this instrument Has an average 
cosmic ray current at sea level of about 2 * 10- w amperes, 
corresponding to about 15 fast particles per see. About 
once a day there is a “burst,” corresponding to the 
simultaneous passage of more than 500 fast particles. 

»An extremely useful wartime development in ionize 
tion chamber technique is the use of electron collection 
coupled with fast amplifiers. The leaders in the applica¬ 
tion of this technique to cosmic ray problems have been 
Rossi, Bridge, and Williams, who have thereby made im¬ 
portant advances in our knowledge of high energy nu¬ 
clear interactions. It is possible to rid argon of electro¬ 
negative impurities, so that the electrons formed in the 
ionization process are collected free rather than attached. 
Their drift volocity in the direction of the applied field 
is on the order of 1000 times greater than thoso of the 
massive ions. Under appropriate conditions of field 
geometry and gas filling, a fraction of the total pulse 
height exceeding 00% is attained in a few microseconds. 
This makes possible the use of ion chambers in rela¬ 
tively fast coincidence with other chambers and counter 
tubes. Furthermore, the same workers, together with 
Hazen, have shown how the shape of the ionization pulse, 
as photographed on a fast cathode ray oscillograph 
sweep, gives information on the initial spatial distribu¬ 
tion of ions, so making it possible to distinguish between 
bursts due to many fast particles spread through the 
chamber and bursts due to "stars” of a few heavily 
ionizing particles. 

The ionization chamber is merely the most venerable 
of the many instruments now used in cosmic ray research, 
each of which has been responsible for tremendous ad¬ 
vances. The instruments of cosmic ray research are the 
instruments of nuclear physics, just as, for example, the 
instruments of conventional astronomy are those of optics, 

The most striking feature of cosmic ray nuclear phys¬ 
ics is the low intensities with which one has to deal. In 
the Carnegie Model C ionisation chamber that I men¬ 
tioned the flux of penetrating particles through a sphere 
33,2 cm in diam is only about 13 per sec at sea level 
4 in high latitudes. The increases in intensity at very 
high altitude do not exceed several hundred times; it is 
sometimes necessary, on the other hand, to go below 
ground or water, where the intensities are deoreased by 
similar factors- Aeece^^ 
heterogeneity inem^ 

This means that as a rale the more clean-cut in desigji an 
experiment is, the longer will it take to obtain statisti¬ 
cally significant date. A third peculiarity of cosmic 
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rays is tlusir relative constancy, a feature which atones 
to come extent for the first two by making it possible to 
extend the experiments in time. Thus, in cosmic ray 
work one needs detectors of large sice that function 
reliably over long periods of time. It is desirable, there¬ 
fore, in a counter experiment to measure concurrently 
all the rates that one needs to know in order to decide 
whether the data are reliable. Thus the amount of ap¬ 
paratus devoted to monitoring often exceeds in bulk the 
apparatus needed for measuring the counting rate with 
which the experiment is concerned. In this pioneering 
branch of nuclear physics, one is out alone on the fron¬ 
tier; there is little established knowledge to go by, and 
one must, take infinite pains to be sure that an effect 
one finds is not due to some equipment failure in the 
middle of the night or to an erratic behavior which 
might fail to show itself during on occasional test. It is 
particularly useful in this regard to record all counts on 
the moving strip of an operation recorder. 

Certainly one of the most fruitful recent developments 
in cosmic ray instrumentation has been the application 
of electronic techniques to the sorting out of pulses, as 
regards tune of occurrence and amplitude. The physi¬ 
cist now has at his disposal a potent arsenal of basic 
circuits for this purpose. Many of these circuits were 
developed before the war, but it took contact with the 
radar and atomic bomb projects to bring home to Amer¬ 
ican physicists the possibilities of large scale application 
of electronic circuitry. 

Dynamic Accuracy in Temperature 
Measurement 

J. 6. Ziegler and N. B. Nichoh 

Taylor Instrument Companies, Rochester, New York 

The dynamic accuracy of a measuring instrument is 
concerned with its behavior under changing or dynamic 
conditions; likewise, its static accuracy is concerned with 
its performance under static conditions. Since it is rela¬ 
tively easy to define the static test conditions and to 
reproduce them whenever necessary, the usual accuracy 
specifications ore limited to the static accuracy. 

All practical temperature-measuring elements are im¬ 
perfect dynamically simply because some heat is required 
to efaange their temperature and there is only a finite 
surface area through which the heat can flow. Consider 
a temperature-measuring element or bulb having a heat 
capacity of 0.004 Btu per *F and a surface area of 0.024 
sq ft. If this element be immersed in a fluid flowing at 
such a velocity past the surface that the coefficient of 
heat transfer is 50 BtuAr/°F/ft > J tM dynamic char* 
acteristics may be established. If the temperature is 
increasing at a rate of 20* F per min, the amount of heat 
flowing into the dement 1 b: 

ttiABtu/br. 

All of this heat must flow through the fluid film sur- 
rotmfling the bulb and* sinc e the rate of heat flow is 
fear A given rate of temperature change, the 
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temperature drop over the film may be calculated from 
the steady state heat transfer equation 

q^h A AT 

AT — L — 4 '® —4° F 

a HA “ (50) (0.024) 

Thus, in order to keep the element temperature rising 
at a rate of 20° F per min, the fluid temperature must 
remain 4* F higher, In this example, the dynamic error 
of xnc&suroment is 4° F. Similarly, an 8* F drop would 
be required to cause the element to change twice as fast, 
or 40* F per min. The dynamic error then varies with 
the rate of temperature change of the thermal element, 
so it is generally more convenient to express the dynamic 
characteristics of a given element in a given medium as 
the ratio of the dynamic error to the rate of temperature 
change. This ratio Z has the dimensions of time and is 
called the **dynamic lag.’’ 


^ _ (dynnmie error) 
“ (rate of change) 


4 _ JL 
20 ~ 40 


ss 0.2 min. 


When defined in this way the dynamic lag is in fact the 
time by which the thermometer reading lags the true tem¬ 
perature when both aro changing at a constant rate. 

Reduction of dynamic error . In terms of the bulb heat 
capacity, C, its area A, and the heat transfer coefficient h, 
tlie dynamic lag is 



This equation indicates some of the possibilities for 
reducing the dynamic lag and thus improving the dy¬ 
namic accuracy. Any increase in the coefficient of heat 
transfer produces a corresponding decrease in Z, This 
means that the bulb should be located at a point where 
the fluid velocity is high, since h increases approximately 
as the square root of the velocity. By the same token, 
the coefficient of heat transfer is much greater in agitated 
liquids than in gases or even vapors at low velocity, so 
if a choice exists the better medium should surround the 
bulb, 

Another possibility of reducing the lag is to change 
the thermal element to reduce its heat capacity or in¬ 
crease its area, that is, reduce the value of C/A . The 
most common method is to reduce the diameter of the 
element. Occasionally, finned bulbs are used, although 
the improvement that can be obtained is limited. In gen¬ 
eral, for bare bulbs or thermocouples, without a protect¬ 
ing well, the internal thermal resistances are negligible 
compared to the fluid film resistance and the element can 
be considered as homogeneous and characterised by a 
single heat capacity and a single thermal resistance as 
was done In the previous example. Actually, there are 
small thermal resistances throughout the element which 
add a fraction of a sbetmd to the lag caused by the fluid 
film, but the latter are much larger, varying from a 
second or two up to several minutes. This is not the 
case for thermal dements installed in protective wells, 
unless exceptionally good thermal contact exists between 
the sensitive element and the wdl, rinse an air space of 
a few ten^thousandths of an inch between the two oan 
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add many second* to the dynamic Jag. In addition, a 
more complex “two capacity“ lag results which will not 
be considered in this paper. 
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Fio. 3. Normal thermal lags- 


Bven with good installation practice and the use of 
bulbs with low C/A values, the lag is often larger than 
ean be tolerated and measurement of transient changes 
cannot be made with any accuracy or control results are 
miserable. In Fig. I, approximate values of normal 
bulb lags are given for a variety of conditions for bulbs 
g in. and 1 in. in diam. These values are not limited 
to liquid- and gas-fiUed thermal systems; they apply 
equally well to a bare thermocouple } in. in diameter or 
to a thermocouple welded into a J-in. tube, since the 
C/A values will be essentially the same. 

This table shows that bulb lags are often quite large. 
One should also romember that the possibility of using 
small-diameter bulbs is generally limited to noncorrosive 
and nonerosive gases and vapors $ furthermore, a |-in.- 
diam bulb is often too frail to stand the mechanical 
forces encountered in flowing streams of viscous liquids. 

Derivative compensation for dynamic lag. In view of 
the rather obvious requirements for faster speed of re¬ 
sponse, it seems desirable to point out another way of 
Improving the dynamic accuracy of thermal systems. 

As in most compensation problems, the method is 
quite simple. A quantity proportional to the error is 
measured and the appropriate correction is applied to 
the instrument reading. In this case, the error is the 
temperature difference between the sensitive element and 
the temperature of the medium: 

Sinee the error is proportional to the rateofohauge 


of bulb temperature, dT/dt> one merely needs to measure, 
this rate of change, multiply by the appropriate bulb lag 
and add this correction to the bulb temperature to obtain 
the corrected or true temperature. 

The pneumatic temperature transmitter offers an easy 
solution to this problem, Consider the simplified circuit 
of a force-balance pneumatic transmitter as shown in Fig. 
2. A ga£fUled thermal system has its bulb immersed 
in the process medium and the force resulting from the 
gas pressure on the diaphragm is balanced by the biasing 
spring and the force from the balancing bellows. An 
increase in bulb temperature, for example, will move the 
baffle away from the nozzle, decreasing the nozzle bach 
pressure and increasing the relay valve output pressure 
(P 0 ). This increase in output pressure results in a flow 



Fig. 2, A simplified schematic of a Transalre force-balance 
temperature transmitter. 


into the balancing bellows through the open-needle valve 
end applies an opposing force to the diaphragm of suffi¬ 
cient magnitude to substantially prevent movement of the 
diaphragm and baffle. The change in balancing bellows 
pressure P F (and the output pressure P 0 ) is then directly 
proportional to the change in bulb pressure, which is in 
turn proportional to its temperature. 

By suitable calibration, a balancing bellows pressure 
change of, say, 8 to 16 psi can be made to correspond to 
the desired temperature span of the transmitter. The 
output pressure is then transmitted to a pressure re¬ 
ceiver also having a span of 8 to Iff psi. Ambient tem¬ 
perature and barometri? pressure compensation would, of 
course, be required in any complete instrument, although 
they ar© not shown* 

Returning to the derivative or “dynamic compensa¬ 
tion ’ 1 for thermal lag, we note that the rate of pressure 
rise in the balancing bellows is directly proportional to 
the rate of temperature rise of the gas-filled bulb* In¬ 
creasing pressure in the balancing bellows will require 
the flow of air into the bellows. In fact, the rate of 
flow is directly proportional to the rate of pressure rise 
'in it. Introducing a capillary or needle valve restriction 
in the line to the balancing bellows will result in a 
pressure drop which is proportional to the rate of tem*. 
perature rise of the bulb. 

The output pressure of the relay Valya will then be 
equal to the balancing bellows presshre ^us tbta pns* 
sure "drop. Suitable adjustment of 
selection of the appropriate lagaori^^ 
neutralise the dynamic^Crror*, The adjustment dlttl ail 
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the restriction can, in fact, be calibrated directly in terms 
of the time lead (or dynamic compensation factor) intro¬ 
duced by it. 

Adjustment of the dynamic compensation factor can 
be made in a number of ways. Generally, the lag of the 
thermal element can be estimated from tables with suffi¬ 
cient accuracy and the dynamic compensation factor is 
set equal to this lag. 

It is believed that the Use of a derivative transmitter 
to achieve dynamic compensation for the inevitable lag 
of thermal elements offers a valuable and unique tool 
in the field of temperature measurement and control which 
makes possible a degree of speed and accuracy not previ¬ 
ously obtained. 

Velocity and Flow Measurements with an 
Improved Thermal Instrument 

C. £. Hasting* 

Hastings Instrument Company, 

Hampton, Virginia 

Precise measurement of the velocity of free air cur¬ 
rents moving at Tates as low as 5 ft/miu has always been 
a difficult, problem. It is one, however, that is constantly 
present in a wide variety of applications such as meteor¬ 
ology and niieroclimatology research, air conditioning, 
heating and ventilating work, measurement of rate of 
flow in gas or air systems, hay and tobacco drying pro¬ 
cesses, and general process control. 

A now type of electrical anemometer that has recently 
been developed for applications such as these allows 
velocities as low as 5 ft/min to be determined with ac¬ 
curacies previously limited to higli velocity measure¬ 
ments. The new instrument, which is known as an Air 
Meter, operates by placing a heated precious-metal ther¬ 
mopile in the airstream., The flow of air past the ther¬ 
mopile tends to bring the thermopile wire, consisting of 
a succession of thermo junctions, to the same tempera¬ 
ture throughout. The thermal differences hot ween these 
junctions induce a thermal direct voltage proportional 
to the temperature difference*. Thus, flow of air past 
the thermopile tend* to reduce this temperature differ¬ 
ence andi therefore, to reduce the direct voltage -gen- 
erated by the thermopile. 

The thermopile, or sensitive element of the anemome¬ 
ter, is made up of alternate sections of thermocouple 
materials butt-welded .to obtain a continuous wire. This 
wire is then heated by passing an alternating current 
through it Cold junctions of the thermopile are ob¬ 
tained by attaching alternate junctions tp copper mount- 
ing rtudsj thcreby supplying sufficient heat conductivity 
:*^y' , ^rotO the juration* to keep them at ambient tem* 
psraiure, The other junctions, set in contact with the 

alternating current. 
Aheritatc junctions therefore become the hot and cold 
the thermopile, ,. - ,. . 


Normally, maximum voltage is obtained with sere air 
velocity, and zero output represents a large cooling effect 
by a high air velocity. However, when high accuracy is 
desired over & wide range of velocities, a second series 
of thermocouples can be arranged with opposite polarity 
and shielded from any air currents. With these couples 
arranged to buck the voltage from the velocity pickup 
thermopile, zero voltage output is obtained for sero air 
velocity and full-scale indication of the indicating or re* 
cording instrument is obtained for the particular air 
velocity desired. Sensitive instruments of this type are 
well suited to process control, the rapid response of the 
electric signal operating controls and giving warning 
of deviations. 

The principle of placing a heated thermopile in an 
airstream for determining air velocities has many ad¬ 
vantages over older types of anemometers. Thermal 
anemometers have no moving parts to introduce fric¬ 
tional errors, which are very important in low velocity 
measurement. Also, they are not affected by icing. 
This thermopile type anemometer has additional advan¬ 
tages over the usual hot-wire types in that the indicating 
or recording instrument consists of a measurement of di¬ 
rect current voltage instead of a small change in re¬ 
sistance. The errors introduced by lead resistance are 
thus much loss. Errors introduced due to change in air 
temperature are compensated for, since both cold and 
hot junctions are equally affected by any change in am¬ 
bient temperature. The instrument measures the tem¬ 
perature difference between these junctions, all of which 
are exposed to the airBtream. Likewise, radiation effects 
tend to cancel. 

A two-thermocouple arrangement which lends itself to 
an inexpensive type of construction has been incorpo¬ 
rated into a standard low-cost model which h&B proven 
very versatile and reliable in laboratory and field use. 
The indicating meter is small and can easily be held in 
the palm of the hand while taking readings. The ther¬ 
mopile element is & separate probe which may be plugged 
directly into the indicating meter, or which may be used 
gt the end of graduated extension wands or cables. For 
applications requiring extreme sensitivity and accuracy 
for very exacting research measurements, a larger instru¬ 
ment has also been developed. 

Experience has proved this type of thermal anemo¬ 
meter to be exceptionally stable. One instrument has 
operated continuously for a year in the laboratory quid 
a second instrument, designed for indication of nondirec- 
tional air flow, has operated for the same period on top 
of a building and has consistently indicated wind ve¬ 
locity without failure or aero shifts. 

The Air Meter is well adapted to remote recording on 
standard strip-chart potentiometers or other standard 
types of indicating or recording instruments which oper¬ 
ate from direct voltage. The ability of anemometers of 
this type to measure extremely low velocities, Combined 
with their inherent stability, ease of operation, lew 
power requirements, and adaptability to remote indica¬ 
tion or recording, suggests many applications of & widely 
varying nature. ■ 7 , -j7 : 7'. . 
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Light Rays Can Be Tools 

A. R. Fultz 

Bmetman Kodak Company 
Rochester, New York 

The supreme precision of a beam of light i» an old 
story. It is straight—regardless of the distance it 
travels. It exerts no pressure on the objects it falls upon. 
It does not wear. And it is exact, furnishing the uni¬ 
versal standard for all measurement. 

But if these properties of light are themselves an old 
story, their applications in industry constitute a new one. 
For not until light has been harnessed by optics are these 
properties useful as a means of gaging in the shop or 
plant. Yet once harnessed, light rays can be tools—can, 
for example, measure a rise of 0.002 in. in a distance of 
80 yd, measure the angle between two related surfaces 
to an accuracy of less than one sec of arc, or magnify an 
object to a degree where one operator can check 18 sepa¬ 
rate dimensions to tolerances of 0.0005 in. at a rate of 
280 parts an hour-—an operation that formerly required 
9 operators and 16 mechanical gages. 

Each of these applications applies familiar principles 
of light. In one case a beam of light is used as a per¬ 
fectly straight line of reference. In another, this beam 
la put to work by applying the simple geometric principle 
that the angle of reflection equals the angle of incidence. 
In the third, advantage is taken of the ability of optics 
to change scale. Whleb property is pertinent depends on 
the product in manufacture, how it is made, how it is in¬ 
spected, and how it is used. 

This does not mean, however, that a large research 
program in optics is a prerequisite of using light as an 
Industrial tool. Certain basic optical designs are ap¬ 
plicable to the majority of industrial uses because of 
their universality and their versatility. These fall into 
three major classifications: (a) Autocollimation—in 
which a beam of light is reflected back on itself from a 
reference surface on the work, for checking the angle 
between two planes, however far separated, to any desired 
accuracy, (b) Telescopic alignment—employing such 
devices as double-ended telescopes and divided-aperture 
objectives, for establishing by absolute methods a line 
of sight in fixed relation to a plane and then measuring 
displacements of distant targets from it. (e) Projection 
of silhouettes and illuminated surf aces to a screen, where 
they can be measured and examined at any magnification 
—*by eye, photocell, or by photography. 

Instruments failing under the classification of autocol- 
Umation are for the measurement of angle. Everyone 
blows that to see his image in a mirror he must stand 
directly in front of the mirror, and this principle is the 
basic premise of the autocollimator. Yet these instru¬ 
ments are capable of working to angular tolerances of 
less than one sec of arc: i.e., to an angle equivalent to 
s t^ae of in adiataUoe of 17 ft. 

fig, 1 u a eroM-seetional view of an autooollimator 
and target mirror mount used to cheek tang*fiabtt to 



Fto, 1, 


the ends of a tube foe parallelism. The instrument is 
self-checking, since the reticle image will coincide exactly 
with the reticle itself when the surface of the mount is 
placed directly on the surface of the instrument. Once 
the instrument has been zeroed in this way, the tube may 
be placed on the surface of the instrument and the target 
mount placed on the opposite end of the tube. Any devi¬ 
ation from parallelism in th© flange faces will be mani¬ 
fested by the amount the reticle image is offset from 
the reticle. 

Modifications of this instrument may be used for check 
ing many other types of angular measurement, or its 
principles may be employed in special instruments for 
complex tasks by combining autocollimation with other 
optical devices, such as telescopic aligners. 

The telescopic aligner, shown schematically in Fig. 2, 



establishes by absolute methods a line of eight In rela 
tion to a plane and will measure displacements from this 
line to ten’thousandths of an ineh. The target itself may 
be regarded fie an illuminated vortical arrow which is 
viewed under two different conditions, os an erect and as 
an inverted image. The objective lens directs these 
images to a common focal point and when the target is 
on the level of the lens axis, the images coincide. Con¬ 
versely, when the target is displaced from the lens axis, 
the images more in opposite directions. Thus the target 
may be used to establish a position along a line with 
complete accuracy and regardless of distance. 

Therepetltiveaccuracy ofmeasurementisreniarkable. 
,■ ;SeiLdinge eon be repeatei to a tolerance of iO.OOOfi in. 
with the target it dietance of 20 ft from thc aligner, 
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With the target at a distance of 100 ft, measurements 
can be made with a tolerance of +0.003 in. 

While this instrument was designed primarily for align* 
ing planer beds, it can undoubtedly be applied to the 
solution of other problems involving heavy machine tools 
and other massive equipment. 

The third major classification of optical instruments, 
that of contour projection, introduces the only use of op¬ 
tics for gaging mechanical components that has been em¬ 
ployed to any extent in industrial inspection. However, 
the practically limitless applications of this tool to in¬ 
spection problems have not been generally realized. 

All contour projectors work on the same basic prin¬ 
ciple and are made up of a light source, object, lens, and 



no. 4. 


screen. However, if this simple system is supplemented 
with any of several optical elements, Its versatility is 
-'..greatlyincreased. The first of thesfe elements is a relay 
fens (4%. 3) and the second a Fresnel lens, mounted be¬ 
hind thescreon. . 

This Fresnel lens provides increased screen brightness 
by concentrating the cone of light coming front Ifee 
screen into a cylindrical beam directed at the operator. 


This permits the use of the projector in lighted rooms 
without hoods or curtains and, with the relay lens, helps 
to provide surface projection of brilliance hitherto cus¬ 
tomary only in shadow projection. 

There are many instances in which a work piece may be 
recessed or obstructed, or measurement of surface details 
must be made. In such cases the surfaces themselves can 
be projected as a bright image in contrast with the more 
familiar contour, or shadow, image. Here the relay lens 
affords a unique opportunity for obtaining maximum il¬ 
lumination. An elliptical mirror may be inserted in the 
relay lens system (Fig. 3) and light from a 1000-w lamp 
directed through the front lens to the object. The object 
reflects the light back in turn, but the reflected image 
converges and a hole in the mirror permits the image to 
pass through and be directed onto the screen. 

So successful is this system that it is possible actually 
to project the surface of blAck Bakelite molded parts. 

The relay lens also serves two other functions of major 
importance, both of which increase the scope and versatil¬ 
ity of contour projection. It permits an 8-in. clearance 
between the work piece (Fig. 4) and the first lens of 
the system, at all magnifications, providing ample space 
for awkward parts or for efficient staging fixtures. It 
also transfers au image at 1: 1 magnification to the rear 
of the instrument, where projection lenses of any desired 
magnification may be mounted. 

Here again, the versatility of the science of optics is 
illustrated, incorporating in a single system elements 
which can do, not one, but a variety of tasks, with the 
inherent advantage of a precise, pressureless, and pro 
dictable gaging element. 

The. Differential Transformer as 
Applied to Instrumentation 

W. D, Macgeorge 

Automatic Temperature Control Company t Philadelphia 

The measurement of substantially straight line mo 
tions is an important factor in the science of instruments 
tion: for example, the measurement of the displacement of 
a bellows or a diaphragm, the motion of a float, the tip 
-travel of a Bourdon tube, and the tilt of a weigh beam. 
Various means have been devised for converting these dis¬ 
placements into signals suitable for electrical transmis¬ 
sion, but only in recent years has the differential trans 
former been used to any extent in this field. 

It is the purpose of this paper to treat with only two 
general phases of this topic: (1) the basic design of dif¬ 
ferential transformers: and, (2) the circuits which per¬ 
mit their application to the measurement of instrumenta¬ 
tion variables such as pressure, flow, and force. 

A differential transformer consists essentially of a pri¬ 
mary eoil, two secondary coils, and an armature of mag¬ 
netic material; The primary coil is energised from a suit¬ 
able source of alternating current, &e two secondary coils 
are connected so that thek output voltages are 180* out 
of phase and the armature is located so that it can niter 
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the relative flux distribution which exists between the 
primary coil and the two secondary coils. (See Pig. 1.) 



Motion of the armature A toward secondary coil 51 re¬ 
sults in an increased output of one phase and motion of 
A toward 52 results in an increased output of the oppo 
site phase. If 51 and 52 are identical coils and A is 
located so that each receives an equal amount of flux, the 
voltages induced in these secondary coils will be equal 
and out of phase and a theoretical output of aero will 
result. This condition denotes the null, or balance point 
of the differential transformer. 

Obviously, the electrical energy could be applied to colls 
51 and 52 and the differential output obtained from coil 
P without basically altering the transformer structure or 
the results obtainable. This has been done in some designs. 

In accordance with the previous descriptive data, the 
differential transformer becomes essentially a self-con¬ 
tained device for producing an electrical output, isolated 
from the source of power, which may be controlled in 
both amplitude end phase by an adjustment of the flux 
distribution within the transformer. It should never be 
considered as part of a bridge circuit, but only as an iso¬ 
lated source of controlled alternating current. 



Investigation over a period of years and numerous field 
tests have led to a design which combines the desirable 
features of a differential transformer into a structure 
which can be reproduced accurately. This device is shown 
in Fig. 2. The coil structure* divided into two main sec¬ 
tions, contains four windings, two of which serve as the 
primary while the remaining two act as the secondary*. 
The small section atthe left end of the coil form is used 
to house the necessary inter<Kmn*etlone andleadwire 


A design of the type shown in Fig. 2 insures equal and * 
stable electrostatic coupling between the primary and 
secondary windings and minimises temperature drift due 
to changes in sueh coupling. Uniform magnetic coup¬ 
ling is also insured on this same basis and this factor 
makes it possible to maintain reasonable linearity with¬ 
out a large number of turns. This in turn means that a 
coil relatively low impedance can be produced which 
will adequately match into standard audiofrequency trans¬ 
formers and allow the use of relatively long transmission 
lines without danger from stray pickup and phase shift 
due to line capacity. 

A coil structure of this type is alsi quite versatile. 
Although the unit is normally used with the primary coils 
connected series aiding and the secondary coils con¬ 
nected series bucking, this condition may be completely 
reversed, or the primary coils may be connected parallel 
aiding and the secondary coils parallel bucking, etc. Also, 
since the unit is essentially a twO-coil balanced structure, 
it is quite possible to bring out a center tap between the 
two adjacent windings and use one section as an induc¬ 
tion bridge. There is an almost endless list of workable 
combinations when one considers that more than two 
windings can be placed in each section. 

Some advantages inherent in a well-designed differen¬ 
tial transformer are: 

(1) Negligible phase shift throughout the operating 
range. In inductance bridge circuits tho resistance of 
the coils remains constant while the inductance of these 
coils varies over a considerable range. The resulting 
shift in the resistance and inductance vectors causes a 
very substantial phase shift which must be taken into 
consideration in the design of any indicating circuits. In 
a differential transformer such as the * ‘ Atcotran, ”i the 
change in inductance for an armature motion of + 0.1 in. 
(twice the normal range) is entirely negligible. There¬ 
fore, servomechanisms operating with these transformers 
need not be compensated for phase shift throughout the 
Indicating range. 

(2) The source of power is isolated from the output 
circuit. This feature allows units to be combined in 
various ways and to perform many useful mathematical 
functions. 

(3) A high degree of lfhearity and reproducibility of 
output with respect to armature displacement is obtain¬ 
able. A linearity of better than &0;9S% may be ex¬ 
pected from standard production run Ateotraas, and 
these units will match each other vrfthin £% without the 
use of calibrating resistors, or other means of compensat¬ 
ing for normal irregularities in materials and in wind* 
Jng. 

For comparison let us assume a single bonded type 
strain gage, connected into a bridge circuit and strained 
to approximately 0.003 in. per la. {about 100,000 psi 
stress in steel) $ St would yield an output of 0*0015 v per 
volt Input for this range, A differential transforiner over 
its normal mayfamm tangs of 0.300 im wotOd yieM an 

* Trade mark registered Automatic Temperature C<mtrol 
Compear, Iso. ■/ •y/.'.-Vv 
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output of .073 v, or an output advantage of 50: 1 on a 
range basis of comparison, 

To apply the differential transformer to a measuring 
problem a null type of circuit is recommended. (See 
Fig. 3.) In this circuit the output from the transmit¬ 
ting unit, Tl, is 180 degrees out of phase with that of 
the balancing transformer, T2 f and the difference volt¬ 
age is fed through an amplifier to one phase of a two- 
phase servomotor. The other phase of this motor is 
energised continuously from the line. “When both dif¬ 
ferential transformers are producing equal, out-of-phase 
voltages, there will be no input to the amplifier and the 
motor will be at rest. However, if the armature of 
transformer is displaced slightly, a restoring Bignal will 
be produced which will cause the motor to rotate and re¬ 
turn the system to balance. 

The reasons for using a null balance system are: 

(1) It is unaffected by line voltage changes. If there 
is no stray 60-cyclo pickup in the system, it will be un¬ 
affected by normal line voltage changes and even an 
excessive pickup voltage, equal to 10% of the total signal 
at full scale, would only cause a 1% change in reading 
for a 10% change in line voltage. In normal systems the 
pickup voltage will always be less than 1% of the full 
scale signal. 

(2) It is relatively unaffected by resistance changes in 
the connecting leads. The addition of resistance to either 
the primary or secondary circuit will have little effect on 
the balance of the circuit, although its sensitivity will 
be affected. This moans that changes in coil resistance 
due to heating will not unbalance the circuit. 

The following information may be of value in the ap¬ 
plication of null balance circuits: 

(1) Electrical zero check. If a shunt is connected 
across terminals 3 and 4 of the transmitting differential 


be reduced. When the output of T2 has been reduced in 
this manner, the servomotor will now have to move far 



Fhj. 4. Null Imlcmce circuit with transformer type ranav 

change. 


ther to balance a given change in input voltage from the 
transmitter an<} the effective sensitivity of the servomech¬ 
anism will have been increased. This method has been 
successfully used for sensitivity ratios up to 10: 1 and 
may also be used as a calibrating means. 

It is possible to obtain similar results by means of 
transformers instead of by means of shunts. See Fig. 4. 
Here the input voltages to the two differential trans¬ 
formers are set up as a predetermined ratio by the sup¬ 
ply transformer, T3. Ratios as high as 40 to 1 have 
been used with a circuit of this type, although changes 
in lend resistance affect the ratio to a certain extent. 

(3) Algebraic summation. See Fig. 5. The use of 
more than one differential transformer as a transmitter 




j 
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Pin. 8. Null balance circuit for differential transformers. 


Fia. 3. Algebraic summation circuit. 

is both feasible and useful. When transformers Tie* and 
Tib are properly connected, their outputs are algebra!* 
cally sumxoated in such a way that their output voltages 


servo system will come to balance at the null position of 
tie balancing differential transformei. 

(2) Bbctrkal range- change (ratio control). If a 
resistor is eoniMkd■ 9 of fh* 

bsla^ T2, (Bee Mg* ?J its output will 


represent the magnitude to be measured and their phase 
becomes the plus and minus sign for this magnitude. 
The servomechanism balances put the tesultingeignal 
and indicates the algebraic mm of the two variables con¬ 
trolling transformers Tlo and Tib. Up to aix transmit* 
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tors have been successfully sumumted by this method 
without difficulty. A typical application is the use of 
four Atcotran load cells to support a weighing platform 
and a weighing servo to indicate the average signal from 
these cells. In this way the weighing platform becomes 
Independent of load position. 

(4) Multiplication. If the input of one differential 
transformer is used as a source of input voltage for a 
second differential transformer, multiplication results. 
Since adequate power is not available in one transformer 
to drive another, the use of an electronic amplifier is 
recommended. See Fig. 6. 



This device has been used for compensating the output 
of a flow meter for changes in pressure and for other 
similar uses. 

(5) Use of null balance circuits. In making connec¬ 
tions between the various components of differential 
transformer null balance circuits, the author has stand¬ 
ardised on the following procedures: (a) use of twisted 
pairs for all primary circuits; (b) use of shielded, 


twisted pairs for all secondary circuits, for runs over 50 
feet; (c) number 20 BS gage, stranded wire is of ample 
size for most installations. The wires should be run in 
conduit but never in the same conduit with power lines. 

If properly installed, transmitters and receivers may 
be several thousand feet apart. Special 400-cycle systems 
requiring only a SO millivolt input signal to the trans- 
mittei^haye been used for hazardous locations. 

Although the differential transformer is still a new¬ 
comer in the instrument field, there are some standard 
instruments available. These include circular scale indi¬ 
cators with \% of reading accuracy (abqve 10% of scale) 
and a ton-to-one sensitivity switch; multichannel optical 
indicators with three automatically selected scales, u 
scale length of 84 in. and a 2-sec speed of response; 
strip chart, round chart single and multipoint recorders, 
controllers, etc. The switching of various input circuits 
into one indicator, or recorder, such as is normally done 
with thermocouple circuits, is standard practice with 
most differential transformer instruments. Transmitters, 
for pressure, flow, density, level, motion, etc., are also 
available as either standard, or custom built devices. 

While it is obvious that a direct indicating, meter type 
of instrument may be used with a differential trans 
former instead of a servodriven, null balance device, no 
time will be devoted to these units at this time. It i» 
only with the null balance systems that the remarkable 
accuracy and stability of the differential transformer can 
be realised. 

In general, differential transformer instrument systems 
should be used (1) whenever highly accurate measure¬ 
ments of motions are required, (2) where minute forces 
are available and friction of any kind would be a dis¬ 
advantage, (3) where electrical transmission of various 
variables is a requisite, and (4) where it is desired to 
express certain mathematical functions electrically. 


Summaries of Selected Papers on Instrumentation 
Presented at the 1949 Gordon Research Conferences 


X-Ray Powder Diffraction Analysis Film 
and Geiger Counter Techniques 1 

William Parrish 

P&iiipi Laborstorltt, Inc. 

IrviHgton-on-Hudun, Yerfc 

In this note a few of the techniques and .new instru¬ 
mentation* for E-ray powder diffraction which have been 
developed at this laboratory during the past six yours 

* Based on papers given at meetings of the £m« rlcaoBo- 
eety ter X-Kfty and JBectro» Btffractloc ,1947-40. 


will be briefly outlined. General descriptions of the ap¬ 
plications of the powder method are given by Bunn (rf), 
Guinier (7), Hanawalt, Binn and Frevel (0) and 
Straumanis {It). 

In the Norelco X-ray diffraction aparatus the X-ray 
tube is sealed off, thus eliminating vacuum problems, 
vertically mounted, water cooled and full-wave rectified to 
aid Geiger tube work, The voltage and/or current may 
be continuously varied. One feature of the apparatus is 
that /Our pieces of accessory apparatus, including one or 
two spectrometers, can be operated simultaneously. 

The dmlgnand use of Debye-Scherrer 
powder cameras are deceptively simple. In order to ob- 
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Fio. 1. X-ray powder photographs, 114.0 mm (Ham powder 
camera, Straumanlfl film mounting, CuK, 40 kvp, 20 ma, 
ip *2*. 0.0000-In, nickel filter, specimen mounted on 

<KO08-ln. IsJndenmnn gin as fibre, 8 hr exposure; e, filter on 
side of film, specimen packed In Llndexnunn glaae capillary 
with 0.012-In. bore, 1 hr exposure. 

tain the excellent films shown in Fig. I, certain tech¬ 
niques, all quite well known but not commonly practiced, 
are required, os much as a good camera. The mechanical 
design of the camera allows rapid and exact centering 0f 
the specimen and mounting of the film, exact alignment 
and repoiitioning with the X-ray tube, and easy manipu¬ 
lation in practice (d). The collimator system has been 
carefully computed and designed to give a minimum and 
almost uniform background from air scatter, no <‘blind” 
region on the film from about 5° to 175* 2d, complete 
v dmmm of scatter from metal parts of the camera or 
ocfilimator, excellent Ibse shape, and good intewfity and 


Precise alignment of the collimator and exit port axes 
with the specimen rotation axis is essential and can be 
teeted by photographing a very thin fibre of a heavily ab¬ 
sorbing specimen. If the alignment is accurate, the dif¬ 
fraction arcs will be either evenly split doublets or smooth 
lines of equal thickness on both sides of the 0° film hole 
along the equator of the film. If the collimator system 
is misaligned, the are will appear os a doublet on one 
side of the hole and a smooth line on the other or the 
lines of the doublets will be unequally spaced. This can 
be corrected by mounting both the collimator and exit 
port tubes in bushings, preferably of the oone-in-eone 

TABLE 1 

Projected Rushs or 10x1,2 mm Focal Scot 

Line focus Spot focus 

2* 0.04 x 10 nun 0.35 x 1.2 wm 

3* 0.00x10 « 0.5 x 1.2 “ 

6* 0.12x10 « 3.0 x 1.2 M 

type, whose position can be adjusted in the camera body. 
The adjustment is made, using a very thin glass fibre for 
a specimen and a magnifier fitted over the end of the exit 
port tube. We have found it useful to translate and 
rotate the specimen during exposure to obtain smoother 
lines and better relative intensities (d). 

Tho focal spot of the new Norelco X-ray tube is 10 x 1.2 
mm and the tube is constructed to allow viewing the 
target at grazing incidence. If ip, the angle between the 
target surface and the axis of rotation of the specimen, 
is decreased from the conventional 6° to 3* or less, the 
projected size of the focal spot becomes small enough so 
that it can be used as the effective source slit and an 
actual slit is not required (7). The projected sizes are 
shown in Table 1. 

The intensity as a function of ip reaches nearly a max¬ 
imum at 2°, with practically no increase at larger angles. 
For a given collimator with fixed divergence aperture the 
divergence of the beam increases as the projected size of 
the focal spot increase? and hence the resolution de¬ 
creases. The sharpest lines with maximum peak inten¬ 
sity are thus obtained at ^s2\ The divergence of the 
beam is limited by a circular aperture 0-5 mm diam, 
which in the case of the 114.6-mm-diam camera is 14 mm 
in front of the specimen. The full angular aperture with 
this arrangement is 0.4 4 in the vertical plane and 0.9* 
in the horizontal plane along the specimen axis. Al¬ 
though most camera tracks are set for ^ = 8°, the method 
can be applied by changing the track height and rocking 
the camera ground the specimen axis of rotation. 

Considerable care must be taken in specimen prepara¬ 
tion (-Z#)* The crushed sample is passed through 200- 
meah bolting cloth and is mixed with a few drops of col¬ 
lodion diluted 1:10 with amyl acetate. If the material 
has a high absorption it is mounted on a 0.002-in. Linde- 
mann glass fibre which is rolled in the wet mix. Petro¬ 
leum jelly may be used if the collodion dissolves the 
specimen. A 0.OO9-in.-to-0,0O$-in. fibre is used for mate¬ 
rials with moderate absorption and a capillary for in* 
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terials with low absorption. The decrease in exposure 
time and resolution caused by using a capillary instead 
of a thin fibre for a quarts specimen may be seen by com* 
paring Fig. Id and le. All of these films have been pur¬ 
posely overexposed for the illustration and usable films 
may be obtained with shorter exposures. 

Geiger Counter Spectrometer. This instrument, 

based on the original design by the Braggs (£), was in¬ 
troduced about seven years ago and has found wide use 
In university and industrial laboratories where relatively 
accurate measurements of intensity and high resolution 
must be conveniently made. Its usefulness for quantita¬ 
tive* analysis has also been demonstrated (5). A diver¬ 
gent beam of X-rays and a relatively large fiat specimen 
10 x 20 mm are used with a Geiger tube replacing the 
film as detector. The specimen is equidistant between the 
focal spot, which 4 is the source slit, and the receiving sbt 
in front of the Geiger tube <Jt, 8). 

The X-ray optical arrangement of the newest instrument 
(8) is illustrated in Fig. 2. The line foctiB (^ = 3°) is 



o, divergence slit; d, Br»g£ focusing; e t specimen axis or 
rotation; g, receiving slit. 

used with Boiler slits (thin absorbing metal foils staeked 
In a parallel arrangement) to limit the divergence of the 
beam to a full angular aperture of 2$ ° in the plane per¬ 
pendicular to the plane of Bragg focusing. The best 
resolution is obtained with a receiving slit at least as 
small as the projected sixe of the focal spot. Scatter 
slits (not shown) prevent the Geiger tube from detecting 
radiation not scattered from the specimen. The Geiger 
tube arm scans in the vertical plane, the radius of the 
goniometer is 170 mm, and the scanning range is —38° 
to + 160*30. The diffraction angles may be read to 0.01* 
in manual operation or angular intervals marked on the 
strip chart in automatic recording. The goniometer gear 
arrangement rotates the specimen at one-half the angular 
■peed of the Geiger tube so that the center of the sped- 
men is always taagent to the focusing circle. The use of 
■ focusing arrangement gives high resolution and high 
intensities, since large angular apertures in the plane of 
Bragg focusing may be employed. For the range 
the angular 

intt^ 0m ifctefcsittas are very 
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much lower. The sensitivity of the Geiger tube is so high 
that very small angular apertures may be used to moos 
ure large d spacing*. J 

Geiger Counter Tube . The Geiger tube* used for this 
application is shown in Fig. 3. The focused beam passes 
through the thin mica window along the wire anode for 
maximum absorption. The argon-filled counters give 
smoother and lower background than film (where the 
background is due to the shorter wavelength general rndi- 
ation) because of the lower sensitivity in this region, 
whereas it is strongly absorbed by the film, particularly 
at low angles in the region of the Ag and Br absorption 
edges, as can be seen by broad bands around the 0® hole 
of the films in Fig. 1. 

Electronic Circuit*. A block diagram of the new cir 
cults designed for measuring X-ray intensities with the 
Geiger tube is shown in Fig. 4. It is particularly im¬ 
portant to regulate the X-ray supply in order to make 
correct relative intensity measurements, because the lines 
are scanned successively, whereas in the film method all 
lines are recorded continuously during the exposure. 

The scaling circuit comprises eight scales-of*two which 
are plug-ins and are based on a modification of the con¬ 
ventional Eeeles-Jordan type. The circuit has a resolv¬ 
ing time'of 6 to 7 microseconds (which is several times 
faster than currently available Geiger tubes) and will 
detect a pulse as small as -0.25 volt at the Geiger tube 
wire. For manual Operation, the X-ray Intensity can be 
measured either over a fixed time interval or the time 
measured to count a predetermined number of pulses. 
The advantage of the latter method is that the probable 
error (for counting alone) is the same for each measure¬ 
ment but a long time is required at a low counting rate. 

The rate meter has a fixed fuB-scaile range and operates 
from any selected stage of the scaling circuit. Therefore 
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each of the ranges is related to the other by an exact 
factor of two. A selector switch is provided to change 
the full-scale range from 50 to 40 or 30 eps, giving a 
total of 24 amplitude ranges with maximum counting 
rate of 12,800 ops, Five valueB of time constant (1 to 
16 sec) are provided. The output of the rato meter can 
be road directly on a meter for survey work or recorded 
on a strip-chart recorder. 

Intentity Calibration ♦ Due to the limited resolving time 
of the Geiger tube and additional errors caused by auto¬ 
matic recording, it is necessary to calibrate the intensity 
measurement. This is easily done by means of a 
crystal plate and absorbing foils of equal thickness. The 
crystal plate is used in the specimen holder to mono- 
ehromatijse the beam. If a quarts plate (cut parallel to 
10 * 1) and nickel foils (0.0007 in. thick) are used and the 
X-ray tube operated below 28 kvp, no difficulty will be 
caused by subharmonlcs (?i/2, X/3, etc.) of the reflected 
beam. However, the calibration is accurate only for the 
kvp applied to the tube because the dead time of the 
Geiger tube measured in this way decreases with increas¬ 
ing kvp. Thus the difference in absorption of foils at the 
subharmonic wavelengths must be taken into account, or 
a crystal used having no reflection of higher orders. 

For manual operation the intensity is measured with 
either the fixed count or fixed time method, depending 
upon the accuracy desired, for 1 , 2 . , .n foils until the 
background is reached. The measured intensity in the 
form of counts per second is plotted on a logarithmic 
scale as a function of the number of foils on a linear scale. 
A straight line drawn through the points on the lower 
end of the intensity scale will then show where the meas¬ 
urements depart from linearity. For automatic operation 
the line is scanned from the same direction a few times 
for each number of foils and the average peak height is 
plotted instead of counts per second. A new calibration 
must be made if the scanning rate, time constant, am¬ 
plitude range, or X-ray optics are changed, for these vary 
the measured intensity, peak position, and line shape. 
Unpublished work of Hamacher has shown that the peak 
counting rate is increased by a factor of two using full- 
wave rather than a half-wave rectified X-rny tube for the 
the same power input, and by three in operating the 
Geiger tube 300 v instead of 100 v above threshold. 
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Two Radioactive Methods for Studying 
Certain Gas-Metal Reactions 

Clifford K. Bode 

Physics Department, North Carolina Stats Collage, 

Raleigh , North Carolina 

There are certain reactions between gases and metal 
surfaces yielding a solid reaction product which is de¬ 
posited as a film over the surface of the metal. For ex¬ 
ample, the reactions between a clean aluminum surface 
and oxygen result in a thin oxide film spread over the 
metal surface. The usual method of studying the ex¬ 
tent and rate of such film formation is the cumbersome 
and tedious “weight gain** technique. Two alternative 
methods, applicable to cases involving radioactive com¬ 
ponents, have been developed at K-20 1 for studying cer¬ 
tain reactions of this type. These techniques, to be de¬ 
scribed, have proved extremely useful and convenient in 
studying the rate, the time dependence of the rate, the 
total magnitude of the reactions, and certain properties 
of the deposited films, and may have extension to other 
specialised investigations of similar nature. 

Three criteria the particular reactions must satisfy for 
these methods to be applicable are: (a) The reacting gas 
must contain a radioactive component, (b) One product 
of the reaction must be a solid which adheres more or less 
firmly to the metal surface, and (c) The radioactive com¬ 
ponent of the gas must become a component of the solid 
reaction product. The number of reactions satisfying 
these requirements is not large, but such reactions ere 
rather difficult to follow by regular methods. 

Ah example of the type of reaction which may be 
studied by these methods is that which occurs between 
gaseous ruthenium pentafluoride and a clean metal Sur¬ 
face, e.g., copper, under appropriate conditions. The 
pentafluoride is reduced to the nonvolatile trifluoride, 
which is deposited on the metal surface. The ruthenium 
may be obtained in a radioactive form (106) which emits 
beta particles at a satisfactory rate. Thus, all the stipu¬ 
lated requirements are met by this reaction. 

Method i. The metal involved in the gas-metal reac¬ 
tion to be studied is made into a Gexger-Miiller or a 
proportional counting tube, say, 1 in. in diam and 10 in. 
long. A fine wire of the same metal (or alternately, of 
another metal inert to the gas involved), say 0.003 in. in 
diam, is suspended along the axis from insulators at the 
ends of the tube, to serve as the high voltage collector 
electrode of the counting tube. Suitable tubing, equipped 
with valves and filters, is provided for admitting and 
removing the corrosive gas. 

The first step in studying a reaction is measuring the 
background counting rate, resulting from cosmie rays, 
contamination, etc. Then the radioactive, corrosive gas, 
suitably filtered, is admitted into the counting tube under 
the derived condition, left tot a predetermined period of 

1 This work performed under contract No* TV-7406-Bag*2* 
f«r the Atomic Knergy Commission at Carbide and Carbon 
■ f’hendcsi roiWatUm plant K-25. St Oak Bldgs. Tennmee**. 
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particles which obey the Stokes-Cunningham law. Intense 
dark field illumination of the particles allows photography 
of a number of vibrating particles in a small fraction 
of a second. Our present apparatus employs standing 
waves of 5*kc frequency, generated by the type of oscil¬ 
lator described by H. F. St. Clair (I£), and is applicable 
to particles from X to 5 p in diam, while a 40*kc frequency 
will cover the range from 0.1 to 1 \x. 
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A Contact Modulated Amplifier and 
Some of Its Laboratory Uses 

Joseph F, Lash 

Research Laboratories Division 

General Motort Corporation , Detroit . Michigan 

Developed to measure d-c signals on the order of a 
few hundredths of a microvolt, this amplifier employs 
motor-driven contacts to modulate the input signal (£). 
It features rugged ness, portability, stability, low noise 
level, and insensitivity to vibration. 

Direct-current input signals are converted to a*c (80 
cycles) by moans of a mechanical breaker, stepped up in 




Fjo. 2. Infrared spectrograph recording circuit. 

voltage by a transformer, amplified with several vacuum 
tube stages, and finally rectified by another breaker 
driven synchronously with the input breaker. This ar¬ 
rangement reduces the effect of random variations in 
the amplifier and favors the wanted signals introduced at 
the input. 

Drift due to small temperature differences between 
components in the input circuit has been minimized by 
careful construction and selection of materials. Thermo¬ 
electric coefficients of the copper components in this part 
of the amplifier are matched and junctions are soldered * 
with a special solder (70% Cd, 80% 8n) having a low 
thermo emf with respect to copper. The input trans¬ 
former is magnetically shielded with multiple, concentric 
layers of Mumetal and soft iron. 

Fig. 1 shows a performance record of the amplifier. A 
test signal of 10' 7 v applied to the 5-ohm input circuit pro¬ 
vides calibration from which the random noise level can 
be measured. An interesting comparison is made in 
Fig. 1 between the observed noise of 8 X 10~ w rms v and the 
Brownian noise due to thermal agitation in the input 
circuit. In the expression for Brownian noise: 

K s? Boltzman constant 
X = Temperature iu degrees Kelvin 
M = Resistance of input circuit 
A/ = Over-all band width (cycles) of amplifier and 
recorder. 

The observed noise is only a little more than twice the 
theoretical minimum. 

This amplifier has found one of its most important 
applications in the field of infrarod spectroscopy. It is 
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used with a variety of recording circuits (4) in several 
types of infrared spectrographs. The recording circuit 
shown in Fig. 2 employs the amplifier as a preamplifier 



Fig. 4. Cooling curves as recomposed from data of Fig. 3. 

for a self-balancing potentiometer type recorder. The 
features provided are: null balance, wide range of gain 
control, selection of response speed or band width, and 
antihunt control. A degree of sensitivity with stability 
is obtained which permits the recording of infinitesimal 
quantities of energy on recording instruments of the type 
commonly used in severe industrial surroundings such as 
steel mills and foundries. 

In a system for studying quench processes in the heat 
treatment of steel, the amplifier is used with another re¬ 
cording circuit. Time-temperature cooling curves pro¬ 
duced by thermocouples at four different locations on a 
steel bar are recorded during a quench. A method is 
employed wherein only small differential signals are re¬ 
corded so that all four curves can be obtained simul¬ 
taneously on a chart of convenient size while using high 
sensitivity for accuracy. Th3 major portion of the signal 
from each thermocouple is bucked out by an opposing 
emf, which is continuously varied, approximately to cancel 
the thermocouple signal. During the initial rapid cooling 
period of the quench, the bucking signal is reduced line¬ 
arly by a potentiometer driven synchronously with the 
drum carrying the chart. Fig. 3 shows the first ten 
sec of a quench record made in this manner. Zero time, 
as indicated on the time axis (horizontal) of the record, 
marks the beginning of the quench. The traces prior 
to zero time represent the cooling of the test bar as it 
was brought from the 1500° F furnace to the quenching 
bath. After completion of a quench the actual cooling 
curves as shown in Fig. 4 are obtained by combining the 
-recorded difference deflections with the bucking signals 
employed. Cooling rates up to 1200* F per sec have 
been recorded. 

In the oxyhemograph (I, 5), a device for recording di¬ 
rectly the percent oxygen saturation of the hemoglobin of 
the blood, photocell signals are applied to the contact 
modulated amplifier. A photocell, placed on the opposite 
side of the pinna of< the ear from a small light source, 



Fiq. 5. Oxyhemograph record made with patient, under 
uHeathcsla for surgery. 


responds to changes in the light-transmitting property of 
blood, which varies with the percent oxygen saturation of 
the hemoglobin. The oxyhemograph has been found espe 
(dally useful in the operating room during anesthesia for 
surgery. Fig. 5 shows sections of a record made in the 
operating room of the Henry Ford Hospital. The time 
between each vertical line on the chart is 30 sec. The 
upper edge of the chart represents 100% oxygen satura¬ 
tion of the blood, the lower edge 00%; below 60% is a 
dangerously low oxygen content. Each peak in the rec¬ 
ord on the top section of chart represents one respiration 
of the patient. The general level of blood dxygen con¬ 
tent is low here (lowest point 77%), due to the action of 
the anesthetic. However, it is increased subsequently by 
permitting the patient to breathe a mixture of nitrous 
oxide and oxygen. It was learned, early in the work with 
the oxyhemograph, that strain on the patient is lessened 
if the. blood oxygen saturation is maintained near normal 
(95%) during the operation. 

The bottom section of the chart shows how the pa¬ 
tient's changing condition during the final critical phases 
of the operation 1 b quickly reflected by the instrument. 
Blood oxygenation values fluctuate so rapidly and so 
widely that intermittent gas analysis determinations are 
inadequate. 

The amplifier has found many other uses where high 
sensitivity is required in the neighborhood of vibration 
and disturbance. 
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Radiation Survey of X-Ray Output of an . 
Electron Microscope from Personnel 
Hazard Viewpoint 1 

Louii B. Silverman, Sylvia B, Elliott, and M. A. Greenfield 

Atomic Energy Project, Medical School, 

Univertity of California, Los Angeles 

In performing a general radiation survey of the physi¬ 
cal plant of the Atomic Energy Project at the University 
of California at Xrts Angeles, it was noted that radiation 
well above background levels existed in the vicinity of 
the 504cv electron microscope. Since a portion of the 
electron beam strikes various metal surfaces in the ’scope, 
continuous X-rays are generated. It is possible for the 
operator of the electron microscope to be exposed to this 
radiation through the various viewing apertures* The 
presence of this X-radiation from the electron microscope 
initiated a survey of the instrument for possible hazards. 



A calibrated Keleket dosimeter was placed bo that the 
sensitive volume was in direct contact with the port of 
the primary viewing screen, (1 in Fig. 1). With the 
beam current of the electron microscope at.£00 pa, the 
average dosage at this port was approximately 1500 
mr/hr. If a person weTe exposed to this level a full work- 
lag day, he would receive several hundred times the max¬ 
imum permissible exposure* The dosage at the intermedi¬ 
ate viewing port, (2 in Fig. T), was 70 mr/hr. At this* 

* This report Is based on work performed under Contract 
No. AT-04-1-GBN-13 between the Atomic Energy Commission 
and the University of California at Los Angeles. 


Atomic Energy Project, the maximum exposure permitted 
is 50 mr/day. 



The intensity of the X-rays was measured as a func¬ 
tion of the beam current in the electron microscope. This 
was done by using a Victoreen Model 856 survey meter 
placed so that th© nylon window of the ionization chamber 
was 20 cm from the port of the primary viewing screen. 
The data arc shown in Fig. 2. The beam current com¬ 
monly employed ranges from 100 to 300 pa. At 200 pa, 
the dosage at 20 cm would be about 56 mr/hr, which is 
approximately ten times the tolerance rate. 

The hardness of the X-ray beam was determined by 
making a series of measurements with A1 filters. Fig. 3 
shows the results of these determinations. 
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Curve (a) is a graph of the X-ray intensity in mr/hr 
plotted against the thickness of A1 Alter in mg/cm*. 
These data were obtained by using the Model 356 meter, 
The beam current for this series of measurements was 
100 pa, and the distance was 20 cm, This was a con¬ 
venient set of values to use bo that the middle range of 
the instrument could be employed. 

Curve (b) is similar to curve (a) except that a Vic- 
toreen Model 247A meter was used. A beam current of 
300 pa and a distance of 10 cm were convenient for this 
instrument. In curve (b) the circles represent the data 
obtained with the aluminum case of the instrument re¬ 
moved. The squares represent the data obtained with 
the aluminum case on the instrument. The consistency 
of these two sets of data indicated that the case was 
equivalent to 1.34 g/cra* of A1 filter. In plotting the 
squares, this equivalent filter weight was added to the 
actual weights of the filters used. 

The range of attenuation in curve (b) is sufficient to 
show a decrease in the slope of the curve with increasing 
weight of the A1 filter. This change of slope is due to 
the fact that the softer components of the X-rays are 
filtered out more quickly than the more penetrating hard 
components remaining in the X-ray beam. To obtain an 
approximate estimate of the proportion of soft and hard 
components, curve (b) was analyzed in the usual wny 
producing curves (c) and (d). Curve (c) represents the 
more rapidly attenuated soft component, and curve (d) 
the harder component. Since the X-rays are of the con¬ 
tinuous type arising from the bombardment of bronze in 
the electron microscope by 50-kv electrons, the division of 
the X-rays into two components, hard and soft, is just 
a convenient approximation and is an empirical represen¬ 
tation of the data. 

Mass absorption coefficients, p m , computed from the 
slopes of the curves (a), (c), and (d) are tabulated: 


Curve 

pm in cm ‘/0 

Distance in cm 

(a) 

1.5 

20 

<«> 

2.5 

10 

(«) 

1.5 

10 


This corresponds to half-value thicknesses of A] of 1.0 
and 1.7 mm for the soft and bard components respec¬ 
tively. Apparently the X-rays at 20 cm from the port 
of the primary viewing screen are qualitatively like the 
hard component of the beam at 10 cm. Using standard 
tables for the mass absorption coefficient of Al, this set 
of values corresponds to a wavelength range of 0.45-0.50 
A for the X-rays. This is approximately the wavelength 
range in which one may expect to find the peak energy for 
a continuous X-ray spectrum arising from 50-kv elec¬ 
trons (1). 

A Hn.-tbiek plug of lead glass was placed in each 
viewing port. The dosage at the ports was then reduced 
to less than 1 mr/hr. The high dosage had been due to 
the accidental use of ordinary glass instead of load glass 
in the assembly of this instrument by the manufacturer. 

It is suggested that electron microscopist* survey the 
radiation from the viewing peris to determine whether or 


not the X-ray intensity exceeds the accepted tolerance 
dosage. 

Reference 

1. Compton, arthus H. and Allison. 8am uml K. X-Jtoy« 
in theory and experiment. New York CK.v : Van Nos¬ 
trand, 1035. 

Airborne Magnetometer for Measuring 
the Earth’s Magnetic Vector 

E. O. Schonitedt and H. R. Irons 

Naval Ordnance Laboratory 
Silver Springt, Maryland 

An airborne instrument which continuously records 
geomagnetic information from which all magnetic com¬ 
ponents may be determined has been developed at the 
Naval Ordnance Laboratory. The instrument is a modi¬ 
fied form of the airborne total field magnetometer de¬ 
veloped by the Naval Ordnance Laboratory and Bell 
Telephone Laboratories during World War IT for the 
location of submerged submarines by the detection of 
their anomalous fields. Since the war, this submarine 
detector, with slight changes, has been used for geophysi¬ 
cal prospocting. 

The basic feature of the new magnetometer is that it 
now determines the total magnetic field vector instead of 
only the intensity. This is done by measuring the in¬ 
tensity and the direction of the total magnetic field vector 
with respect to a set of coordinate axes stabilized with 
respect to tho surface of the earth. 

The sensitive measuring element of the magnetometer 
is a saturable inductor which is excited by a 1000-c cur¬ 
rent of sufficient amplitude to saturate its permalloy 
core. A 2000-c voltage is generated by the inductor, the 
amplitude of which is proportional to the strength of the 
magnetic field along its axis. The inductor is mounted 
in a gimbaled arrangement driven by servo motors to 
maintain its detection axis parallel to the earth’s mag¬ 
netic field. The gimbaled arrangement with its servo 
motors is called the detector head and is secured to the 
frame of the aircraft. Potentiometers and their asso¬ 
ciated electronic circuits measure the amount of angular 
displacement of the detection element about the two 
axes of the gimbals in which the detector U carried. By 
means of these angles the total magnetic field vector can 
be projected onto a system of coordinate axes fixed with 
respect to the aircraft. 

In order to make use of these data, the orientation of 
the aircraft with respect to vertical and true north must 
be determined. A vertical reference is provided by a 
gyroscope controlled by gravity-actuated devices so as to 
maintain the spin axis of the rotor of the gyroscope 
vertical Potentiometers on the roll and pitch axes of 
the gyroscope measure the inclination of the aircraft 
with respect to vertical. These angular measurements 
are used to refer the magnetic data to a coordinate sys¬ 
tem stabilised with respect to the surface of the earth. 
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The true heading of the aircraft is obtained by peri¬ 
odic astral observations. A continuously recording di¬ 
rectional gyroscope maintains a record of the aircraft 
heading between astral observations. The position of 
the aircraft is determined by one or a combination of 
astral observations, loran Axes, radar, visual observa¬ 
tion, and photography, depending upon the area to be 
surveyed. 

During flight the total magnetic field intensity, the 
aircraft heading, and the angular displacements about 
the gimbal axes of the detector head and the gyro verti¬ 
cal are continuously recorded by graphic milliammcters. 
The process of determining the various magnetic quan¬ 
tities from these data is carried out after the flight is 
completed. 

The vertical reference gyroscope used to measure the 
inclination of the'aircraft is subject to certain errors so 
an alternate system for establishing a vertical reference 
was developed employing an oil-damped pendulum. The 
pendulum will produce true readings only when the air¬ 
craft is in a state of nonaccelerated flight. The direc¬ 
tional and vertical gyroscopes are used, therefore, to as¬ 
certain when the accelerations due to changing attitude 
are at a minimum. Points are selected during these per¬ 
iods for computing the magnetic quantities. 

In order for the magnetometer to be employed to the 
greatest advantage, a stable aircraft and smooth flight 
conditions are required. 

Charts showing the components of the earth mag¬ 
netic field are issued periodically by the Navy Hydro¬ 
graphic Office and the U. 8. Coast and Geodetic Survey. 
The angle of declination or magnetic variation is of pri¬ 
mary importance because of its requirement for naviga¬ 
tional purposes. The other components, angle of dip, 
total intensity, and vertical and horizontal fields were 
formerly of more or less academic interest but are now 
finding increasing use in specialized fields of research, 
development, and geophysical exploration. 

Up to the present time, the great bulk of magnetic sur¬ 
veys for chart-making purposes have been conducted 
employing instruments consisting of rotating coils or the 
deflection and oscillation of small magnets. Although 
these instruments are capable of highly precise measure¬ 
ments on the ground, they have not been particularly 
adaptable for use in aircraft for the determination of 
the earth's complete magnetic field vector. They also 
require that surveys be conducted on a point-by-point 
basis, which is time-consuming. 

Surveys of oceanic areas have been made with similar 
types of instruments and have required the use of non¬ 
magnetic ships. Such measurements were terminated 
in 1989 when the only existing nonmagnetic vessel, the 
“ Carnegie,'/ burned off the island of Samoa* Similar 
to ground measurements, the data taken at sea is a 
point-by-point process with one set of observations made 
each 900 to 800 miles. Measurements made at sea, how¬ 
ever, were less accurate than those made on land. 

The jdrbon^ measuretoentfl are expected to be of the 
(jxder of accuracy of those made at sea. The airborne 


surveys, however, will have the advantage of greater 
speed, continuous recording, and the avoidance of small 
magnetic anomalies near the surface of the earth. 

Due to the constantly changing nature of the earth’s 
magnetic field, the problem of tying a large number of 
observations made at widely separated times to a common 
time base should be considerably simplified with the use 
of aiiEbrne instruments due to the fact that vast areas 
may be mopped in a short period of time. 

At the present time the magnetometer is limited to 
operation in areas of dip angles of about S0° and 
greater. With additional development fhe range of op¬ 
eration can be extended to all areas of the earth. Only 
one instrument haB been constructed, and it is under¬ 
going flight tests at the present time. 

Avoiding Trial-and-Errot in Infra- 
microscopic Photography 1 

E. Eos* Jenney 

Division of Tuberculosis , U. S. Public Health Service. 
Washington, D. C. 

The phenomenal surge of interest in the general field 
of photography that preceded World War II was not 
followed as closely as might have been expected by a cor¬ 
responding development in photomicrography. New 
lenses and other factors produced an infinite variety of 
“closo-ups" achieved with techniques which were used 
to scientific advantage but were pursued largely as a 
hobby, to obtain unusual patterns in subject matter. The 
field of -photomicrography scarcely developed in these 
years beyond the needs of'those who required the tech¬ 
nique for teaching purposes or to illustrate scientific 
publications. 

Strictly speaking, this was true of America more than of 
Europe, owing, perhaps, to the available equipment there, 
particularly that of German origin. For some years be¬ 
fore the war even the person who pursued photomicrogra¬ 
phy as a hobby was accustomed to replacing the lens of 
his Leioa with a suitably threaded adapter, which con¬ 
tained a shutter and an indirect-vision aperture and which 
fitted, in turn, the eyepiece of the microscope. In this 
instance all three elements—the camera, the adapter, and 
the microscope-—were manufactured by the same firm, 
Ernst Leits of Wetzlar, although adapting devices were 
generally available for most cameras. Much of the work 
in America was, and still Is, accomplished by connecting 
the camera to the microscope by means of a flexible 
sleeve, often an automobile radiator base. While excel¬ 
lent photographs can be obtained with this simple device, 
the technique has certain serious disadvantages, particu¬ 
larly in regard to stability and variable focusing, diffi¬ 
culties which now can be remedied with several types of 
standard equipment. 

Between the range of the close-up and that of true 

* Use of this particular camera does sot imply Its endorse¬ 
ment by the V. S. Bublic Health Servlet. 
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photomicrography there lies another fluid of invaluable 
and fascinating photography which invites further ex¬ 
ploration; the photomagnific&tion of objects grossly vis¬ 
ible to the naked eye. It is a range that may be deflned 
as that lying between the scope of normal human vision 
at 10 in. and that of actual low power photomicrography. 



Fio. 1. Alps reflex camera mounted for clone-up photog¬ 
raphy. 


In some European technical literature the range has been 
deflned as li macrophotography” (also, and more cor¬ 
rectly, “photomaerography **) although wo.may quarrel 
with the use of these terms, which specify all photography 
below the microscopic range. Perhaps the term "infra- 
mioroscopie photography 0 might describe this undefined 
area. As a functional field it chiefly covers the study of 
surface structure, animate or inanimate, and was flrst 
introduced in popular photography in terms of such sub¬ 
jects as razor blade edges, cactus spine points, and in¬ 
sect wings. The technique rapidly became a valuable sci¬ 
entific tool in all spheres, f rom botany to ballistics. 

Certain unique problems face the scientist or hobbyist 
who pursues photography in this range, particularly if 
the material to be studied varies in texture, translueency, 
color, or depth. These difficulties are unique because they 
greatly exceed those found in either normal photography 
or photomicrography, where lighting and focusing are 
more constant factors. With theee problems specifically 
In mind, cameras and accessories have been devised to 
meet the requirements of this highly variable intermediate 
range., . ' ■ 

The Swiss-made Alpa-Boflex is one of these cameras, 
with preeixion accessories cleverly contrived to fill the 
needs of etery range of photography from infinity to 


microscopic. It is literally an all-purpose, 35-mm min¬ 
iature camera (24x36 mm) ideally suited to general 
outdoor photography and to photomicrography, As well 
as to the perplexing inframicroscopie field. Equipped 
with mirror reflex foeusing, eye-level view finder, com¬ 
plete range finder, and a standard 5-cm coated lens, the 
flash-synchronized focal plane shutter allows time ex¬ 
posures as well as a scale extending from 1 sec to 1/1000 
sec, A small but valuable feature is that the exposure 
setting can be read at any time, since the setting knob 
does not rotate when the shutter is released. Coated and 
color-corrected lenses with focal lengths 3^-18 cm are 
available and can be easily adjusted, being fixed in bay* 
onet mounts. Unusually long helical screws of 20-mm 
range permit exceedingly close-up focusing with ease. 
To adapt the camera to photomicrography nothing more 
is needed than a clamping ring which fits—or can be 
ordered to fit-—the extension tube of any microscope, 
while a complete survey of the microscopic imago is pro¬ 
vided by the ground glass screen in the reflex view finder. 

It is the intermediate field of the so-called macrographs 
to which the Alpa-Eeflex is particularly suited (Fig. 1). 
It must be remembered that in photographing objects 
that are in one plane, as a smooth surface, a lens of 
standard focal length should be used in preference to a 
wide-angle lens. In three-dimensional subjects a better 
perspective is produced by increasing the focal length 
of the standard lens. The reproduction ratio should be 
selected with the size of the ultimate enlargement in 
mind. All surfaces have a limit in the degree of pos¬ 
sible magnification, beyond which further detail is lost, a 
definite limit of resolvability beyond which no more finite 
detail can be distinguished. In the case of three-dimen¬ 
sional objects, where the depth of the field is the essen¬ 
tial factor, only the questions of perspective and lighting 
determine the focal length, since the depth of focus is the 
same for the reproduction ratio regardless of the focal 
length. 

Such problems, which may he cxasperntingly difficult 
to solve with improvised equipment, particularly when 
color film is used, are reduced to a minimum with supple¬ 
mentary lenses. To begin at the scale of normal photog¬ 
raphy, the standard focal length 5-cm lens, having a 
3-mm range of adjustment, allows a focus ranging from 
infinity to 1 meter. To focus under 1 meter, extension 
tubes usually are provided with a + ID supplementary 
lens to cover the gaps in range left as the result of using 
the tubes. However, the function of the main lens is con¬ 
siderably impaired by supplementary lenses; hence the 
desirability of using interchangeable lenses of greater 
focal length (7.4-18' cm), in which case the usual sup¬ 
plementary lenses of Shorter focal length are unnec¬ 
essary* The intermediate tubes- provide' continuous 
range of supplementary extension. 

The versatility of this equipment, designed with the 
problems of inframicroscopie photography in mind, ob¬ 
viates the discouraging and wasteful; trial-and-error meth¬ 
ods of focusing and lighting asui justifies the initial ex¬ 
penditure. . ... '. 11 ' 
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Improvements in the Making of Special 
Photographic Emulsions for 
Nuclear Physics 

Pierre Demers 

Institut da Physique, U stiver sit a da Montreal 

In 1945 (1) the author prepared concentrated, very 
fine-grained emulsions such as emulsion formula 2 (8 ), in 
which it has proved possible to record, with good detail 
and discrimination, the tracks of fission fragments (£), 
alpha rays, protons, and even of slow electrons (1, 8). 
Experience has shown us that the properties of these 
emulsions are not easily reproduced (4). The critical 
factors have been found to be: the mechanical and stoi¬ 
chiometric conditions during the mixing operation; the 
temperature of the wash water, which should be prefera¬ 
bly below 5® C; and the gelatine used. 



Fro. i. Schematic view from above of emulsion -making 
machine. Sibling parts are shown in heavy black. Part 1 
represents a stirrer; 2, a beaker containing solution C; 8, 
pouring tips; 4, tanks of solutions A and B ; B, three-way 
stopcocks; 0, 100-ml syringes; 7, pushing rods ; 8, sliding 
carriage (bench carrying 8 and motor moving It are not 
shown) ; 9, right angle racks sliding Inside 8 and linked 
through pinion (not shown) ; 10, sheet with slot guiding the 
movement of racks 9; 11, potentiometer regulating speed of 
motor 12; 18, flexible shaft from motor 12 to stirrer 1. 

To control mechanical and stoichiometric factors, a 
machine has been designed and built that is illustrated 
schematically in Fig 1. To the stirred C solution, solu¬ 
tions A (600 g AgNO,/1000 mi solution) and B (420 g 
KBr/1000 ml of solution) are added simultaneously, 
through the action of syringes, pushing rods, and car¬ 
riage, moved by a motor sliding along a bench. Volumes 
of solutions A and B are kept constantly equivalent or 
nearly so, B being in slight excess. The double rack 
mechanism with its guiding slot introduces an adjustable 
difference between the movements of the pistons of 
syringes containing A and B, and thus allows one to cope 
with a. difference of diameter between pistons, and with 
inaccuracies of concentrations of A and B. Also, through 
the peculiar shape of the slot chosen, it is possible to vary 
the excess (B-A) at will during mixing. The system also 
fills up syringes when they ate empty. Here are numeri¬ 
cal data for solution C: 15 g gelatine, 167 ml Water, and 
83 ml ethyl alcohol; use at 40-50° C. First add 1.9 ml 
of B. Then deliver at equivalent rates 100 ml of A and 
ft, taking 2-3 mitt Increase the stirring rate from 240 


to 550 rpm, Chill and set at 0-2° C (1 hr). Break the 
jelly in small pieces and wash at 0-2° C (1 hr). Collect, 
melt, coat, dry, and sensitize 1 min in 6% triethanolamine 
before use. 

In this method, the mixing phase is highly critical but 
there is no high temperature treatment. In preparing 
ordinary emulsions, mixing may be less critical but the 
heat 'treatment is a delicate phase. 

This machine has beon used with uniformly good results. 
A prototype of it, using 30% syringe sizes and quantities 
in mixing, has been in operation for nearly a year with 
consistently good results. Under its standardized condi¬ 
tions, 13 gelatine samples have been tried, and all gave 
good tracks of alpha rays and protons, and at least a 
peculiar granular appearance with radium D electrons. 
The best electron tracks (40-60 kv) resulted from gela¬ 
tines labeled “fast negative/’ that is, from gelatines 
recommended for obtaining the greatest light sensitivity. 

This gives us further reason to believe that similar 
active centers are essential both for light and for ionizing 
particles. Still unexplained is the lack of connection 
noted between light and particle sensitivity for various 
emulsions, which probably depends on the disposition of 
active centers on the AgBr grains. 

This work was supported by the National Besearch 
Council, and a detailed report of it will be sent to the 
Canadian Journal of Besearch. 
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Sensitivity of Gamma-Ray Counters 1 

Gerald J. Hine 

Department of Physics and Biophysics 
Sloan-Kettering Institute, New Ydrk 

Badioisotopes can be investigated in many cases only 
by detection of their gamma radiation. Measurements 
of the distribution and the amount of on isotope used 
for tracer studies or for therapeutic purposes are often 
based on counting the gamma rays emitted in a certain 
direction (J). The sizes of source and gamma-ray coun¬ 
ter, and the distance between them, determine the fraction 
of the total gamma radiation which is incident on the 
detector. The actual number of registered counts Is 
again only a fraction of the incident gamma rays, de¬ 
pending on the sensitivity of the counter. It is known 
* that even counters made from high atomic material detect 
only 0.7-2% of the gamma rays with energies between 
0.5-3.0 Mev when the gamma radiation penetrates the 
counter walls perpendicularly (£). This low counter 
sensitivity is a serious limitation for many investigations. 
Different methods which result in a higher counting sen¬ 
sitivity will be outlined here. 

Somewhat higher sensitivities can be obtained by using 

1 Supported iii part by n grant Wdm the Office of Naval 
Research, ' '' ' ■ 
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Fio. 1. 

(ieiger-Muller counters end ou. The probability for the 
secondary electrons, produced by the gamma rays in the 
counter walls, to enter the sensitive volume of the counter 
increases when the gamma rays strike the walls at a small 
incident angle. With calibrated I ,w , Co 90 , and radium 
sources, sensitivities of about 2% for I ul , and 4% for 
Oo“ and radium were observed with commercial end-win¬ 
dow tubes, such as the North American Philips No. 
62019. The same results were obtained with a multicellu¬ 
lar type of counter. 1 

A large number of organic and inorganic crystals have 
come into use recently as scintillation counters ( 1 , 4 ). 
The gamma rays absorbed in the crystal produce light 
flashes, which are detected and amplified by a photomul¬ 
tiplier tube. Due to their high density and high atomic 
weight components, calcium tungstate crystals show a 
very high gamma-ray sensitivity. Under conditions de¬ 
scribed herein, sensitivities of 24%, 38%, and 36% for 
do*, radium, and l m gamma rays, respectively, were ob¬ 
served, with highly polished, clear crystals* of area 
k x } in. and thickness } in. 

A 1P21 photomultiplier tube operating at about 90 v 
per stage and the CaWO* crystal were kept at room 
temperature. A model 500 Los Alamos preamplifier and 
discriminator, together with a scaling circuit, counted 
photomultiplier pulses greater than 12 mv. Fig. 1 shows 
the counting rate versus integral pulse height for Co 90 , 
Ha, and l m sources. The tube background, also given in 
Fig, 1, has been subtracted from the source measurements, 
which were adjusted to the flame extrapolated counting 
rate. The three curves indicate the differences in gamma- 
ray spectra of the three isotopes. 



Taking into account only the primary gamma rays en 
tering the crystal through its front surface (£ x J in.), 
the percent crystal sensitivities mentioned were obtained. 
For the & in.-thick 0aW0 4 crystal, the sensitivity for I M 
corresponds to the expected gamma-ray absorption in the 
crystal. However, the Co 90 and Ha sensitivities are at 
least twice that expected from the absorption of the in¬ 
cident primary gamma Tays alone. 8ince these results 
were found to be independent of the resolving time of the 
counting equipment, which was varied from 5 to 300 j*sec, 
tho CaWO* crystal used under these conditions caused no 
double pulsing. 

All three pulse height distributions of Fig. 1 were ob¬ 
tained with a Lueite rod, 1 in. in diam and 4 in. long, 
placed between the crystal and the photomultiplier tube. 
The CaWO* crystal was covered with an A1 foil as re¬ 
flector, except for the surface touching the La cite rod. 
Fig. 2 shows how the radium pulse height distribution is 
affected by varying this arrangement. 

Curve (a) of Fig. 2 repeats the results with the radium 
source given in Fig. 1. Curve (b) was obtained when 
the Luclte rod was removed and the crystal was mounted 
directly on the photomultiplier tube but without being 
covered with A1 foil. The decrease in largo pulse heights 
Shows that the light absorption in the Lueite is smaller 
than the amount of light gained by the A1 foil. Curve 
(c) shows a further decrease in light intensity when the 
Lueite rod was again placed between crystal and photo¬ 
multiplier but Without using the A1 foil reflector. 

All three ourven intersect at about the same extra¬ 
polated counting rate. This indicates that the results 
Were not affected by a change of the crystal arrangement 


8. Patent #9,397,061, The Texas Cotopanr- 
*Tb« Llnfle Air Products Company, Tonawanda, N, T. 


When the extrapolated counting rates were used* The 
application of the Lueite rod provides a better geometry 
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for most investigationIts replacement by a quartz 
rod would improve the light conduction. 

Finally, curves (d) and (e) of Fig. 2 show the results 
for the crystal placed with the 1 in. X i in. surface facing 
the Lucite rod, with and without A1 foiL In this position 
the surface area and therefore the number of incident 
primary gamma rays was only i as compared with the 
conditions for curves (a), (b), and (c). The extra¬ 
polated counting rates, however, were nearly the same as 
before. The crystal sensitivity, therefore, seems to in¬ 
crease in proportion to the crystal thickness. These re¬ 
sults are in agreement with the approximately 100% sen¬ 
sitivity for Ra gamma rays reported by Moon ( 4 ), for 
a CaW0 4 crystal about ft in. thick. 
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Adapter For Visual Monitoring with 
Portable Geiger-Muller Equipment 

Howard T. Blinn, Rnsaell F. Cowing, and 
Charles K, Spalding 

Yew England Deacontst Hospital , Boston 

The application of a neon-filled strobotron (8N4) tube 
as a visual means of continuous monitoring of areas in 
which radioactive materials are used has proved itself 
very convenient. 

Fig. 1 is the schematic diagram of a circuit developed 
for using an $N4 (manufactured by 8ylvania Electric 
Company) as a visual indication of instantaneous 


changes in counts, that may be due to contamination or 
changes in background. 

The circuit is enclosed in a metal box which has a large 
bull*B-eye lens directly in front of the SN4. This circuit 
was developed to operate directly from the earphone jack 
of the Herback and Bademan Geiger-Muller Radiation 
Measuring Set, Model GLR-200. 

The signal is superimposed on a d-c voltage which iu 
effect produces a pulsating d-c voltage having a positive 
sign. The d-c voltage is adjusted to a value just below 
the firing point of the OA4 by sensitivity control R7. 
Thus, the iuedming signal increases tfie potential of the 
d-c value to a point that will cause this tube to fire. 

Resistor R0 has to be of a value that will keep the 
potential on tho starter anode at the same value as the 
cathode, and yet of high enough value to prevent ex¬ 
cessive loading of the output stage of the Geiger-Muller 
circuit. 

When the OA4 fires, condenser C2 is momentarily 
shorted to ground through resistor R4, at the same time 
the plate voltage is reduced to a value which will not 
support operation. With the OA4 in an extinguished 
state, condenser C2 recharges through R5, tbuB impress¬ 
ing a positive voltage of sufficient value on the starter 
anode of the SN4 to cause it to fire. The 8N4 will be¬ 
come extinguished when the potential of 01 falls below 
the critical operational potential. Following these events 
Cl becomes recharged through Rl, thus conditioning the 
circuit for another firing sequence. 

The operation of the circuit is dependent upon the 
height of the voltago pulse from the output stage of the 
Geiger-MUller circuit. This pulse must have a value of 
not less than 5 v. 

The sensitivity of the instrument is directly dependent 
upon the Geiger-Muller tube used and the preliminary cir- 
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cuit. In our laboratory a Radiation Counter Laboratory 
Type 10A Beta Ray Counter Tubo obtained from Tracer- 
lab, Boston, Massachusetts, having a glass wall of 30 
mg/cm 9 , or about 0.12 mm thick, is used. With the setup 
described, 3 |xc of P“, I 1 * 1 , and Ra salts give a flash rate 
about twice background, at a source distance of 25 cm. 

The OA4 tube was selected as it has characteristics that 
require small wattage for operation. 


As the pulse sequence of the circuit is very short, hav¬ 
ing a duration of a few microseconds, the BN4 was se¬ 
lected for its very high illuminating intensity. 

No attempt has been made to develop a quantitative 
measuring instrument, as the primary requisite is for 
detecting infinitesimal amounts of radioactive substances 
on clothing, hands, glassware, sinks, and counter tops 
around the laboratory. 


(Continued front pitgc $51) 

summarized a paper by Van Lear and Long, describing 
an American commercial Raman spoctrograph. 

Other physical measurement methods were described by 
Madame Y. Cauchois, of the Laboratory of Physical Chem¬ 
istry, Paris, who gave two papers—one on new develop¬ 
ments of bent crystal techniques and one on curved crystal 
X-ray spectroscopy. In the same section A. Guinier, also 
from Paris, talked about demountable tubes and cameras 
for X-ray crystallography and somo recent techniques in 
X-ray metallography. 

Among the mechanical measurements discussed were two 
methods for photographic recording of ultrahigh speed 
phenomena by explosions, described by C. H. Johans¬ 
son, of Detoniklaboratoriet, Stockholm. In one, instan¬ 
taneous photographs are taken with an ordinary camera, 
using sparks or flash lamps as light source and a Schlieren 
apparatus. By repetition, lighting at successive time in¬ 
tervals beifig reckoned from the start of the explosion, 
quantitative measurements of the velocity at different 
stages of the occurrence can be' made. Intervals from 2 
to 500 microseconds are obtained by a detonation fuse. 
Other papers in this section included one by Robert 
Schnurmann, of the Manchester Oil Refinery, Ltd., Eng¬ 
land, on lubricant testing methods, and one by Pierre 
Plganiol, of the St. Gobaiti Company, Paris, on the meas¬ 
urement of the melt viscosity of plastic materials. 

In the division of industrial control, R. 8. Medlock, of 
the British firm George Kent, Ltd., Bpoke on the analysis 
of oxygen, based on its paramagnetic properties. With 
the exception of nitric oxide, oxygon appears to be the only 
strongly paramagnetic gas, and this affords a physical 
method of measurement. Other lectures included two by 
W. P, Hanson, of the Du Pont Company, and Maurice 
Burdin, chief Of electrical construction services for the 
French Atomic Energy Commission. 

Papers on metrology included one by Rene Yribarron, 
of Socidtd d *Application do Metrologie Industriclle, Paris, 
who spoke on 4 4 Some Considerations About Accurate 
Fits.” He described the contribution of the Sole* air- 
operated method to the present problems of industrial 
metrology. All of the apparatus he described had the 
same object, be said—to incorporate inspection within 
the machining department, and to make measuring tech* 
niguee formerly Used for judging into guides for produc¬ 
tion. Other papers were read by A. Meta, of Ernst Leitz, 
WetalaT, Germany, and Karel Veaka, of Kovo Ltd,, 
Prague, pKechoaiovakia, 


As part of the conference, a fairly large exhibit had 
been arranged, with a floor area of more than 30,000 
squaro feet. Among the exhibitors were the French 
Atomic Enorgy Establishment, the French Defense Re¬ 
search Establishment, the Gorman East Zone, and several 
of the main instrument manufacturing firms in Sweden. 
The greater part of the exhibit was commercial. 

Perhaps the most interesting part of the exhibit was 
that arranged by the Swedish State Council of Technical 
Research in cooperation with the Academy of Engineering 
Sciences and the Association of Technical Physicists. 
Here was shown instrumentation research under way in 
Swedish institutions and laboratories. The committee on 
large computing machines showed parts from their project 
on a binary relay machine. 

Other computing machines shown at the exhibit in¬ 
cluded an analogue computer for aircraft stability prob¬ 
lems, an automatic recording Fourier synthesis apparatus, 
and parts from a mechanical differential analyzer with 
four integrating units, under construction at the Ohalm- 
ers Institute of Technology. 

New developments of direct-reading pH-meters, usable 
for all types of potentiometric measurements, and polaro- 
graph8 with a maximal sensitivity for full-scale diffrac¬ 
tion of 0.0033 microamperes wero shown by the Chemical 
Institution of the University of Upsala. 

The Department of Telegraphy and Telephony at the 
Royal Institute of Technology had a wide range of ap¬ 
paratus, among which may be mentioned an automatic 
impedance meter for automatic recording of locus dia¬ 
grams of networks within the range of 100 to 15,000 kilo¬ 
cycles per second, a heterodyne filter that can be used as 
a band-pass filter with continuously variable high and 
low frequency cutoff, that has an attenuation of 1 to 2 
cycles per decibel. 

In the field of electronics the Department of Electron¬ 
ics at the Royal Institute of Technology showed a 37-Mev 
synchrotron and a new development of the troehotron for 
pulse counting. The counting rate of a scale built with 
this new tube is 10 megacycles per second. 

The Department of Electronics at Chalmers Institute 
of Technology showed experiments on radio wave propa¬ 
gation, a radar search for meteors, and the latest develop¬ 
ment in the traveling wave tube. 

By special invitation, the U. 6. National Bureau of 
Standards, the National Research Council of Canada, the 
RCA Research Laboratories and the Bell Telephone Lab¬ 
oratories had arranged booths in this part of the exhibit. 
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NEWS 
and Notes 

D. B. Anderson, professor of 
plant physiology and assistant direc¬ 
tor of the Graduate School at North 
Carolina State College, has been 
made head of the Department of 
Botany, effective September 1. 

Otto A, Reinking, professor and 
bead of the Division of Plant Pathol¬ 
ogy, New York State Agricultural 
Experiment Station, Cornell Univer¬ 
sity, has just returned from a re¬ 
search trip on diseases of abaca 
Which took him to Tawau, British 
North Borneo, and Davao, Philip¬ 
pine Islands. 

Douglas M. Kelley has resigned 
his position as associate professor of 
psychiatry and director of the Psy¬ 
chiatric Hospital at the Bowman 
Gray School of Medicine, Wake For¬ 
est College, to become professor of 
criminology at the University of Cali¬ 
fornia, Berkeley. Dr. Kelley will 
give courses in criminologic psychia¬ 
try and detection of deception. 

Wilhelm Spannhake, senior sci¬ 
entist at the David Taylor Model 
Basin, Bureau of Ships, Washington, 
D. C., has joined the staffs of Armour 
Research Foundation and the Gradu¬ 
ate School of Illinois Institute of 
Technology. Dr. Spannhake is the 
author of Centrifugal pumps, tur¬ 
bines, and propellers; basic theory 
and characteristics . 

T. P, Ting, of the Department of 
Biology at Amherst College, has been 
appointed research associate profes¬ 
sor of physiology at the University 
of Saskatchewan. Dr. Ting will con¬ 
duct radiobiological research with the 
25-Mev betatron recently developed 
at the University of Saskatoon. 

Arthur J. Bedell, professor emeri¬ 
tus of ophthalmology, Albany Medi¬ 
cal College, will deliver the fourth 
William Hamlin Wilder Memorial 
Lecture of the Institute of Medicine 
of Chicago at a joint meeting with 
the Chicago Ophthalmologies! 80 - 
•Mety on October 14. His subject wH3 
be “Medical Ophthalmology: A 


Kodaobrome Demonstration of Fun¬ 
dus Photographs of Diabetes, Hyper¬ 
tension, Nephritis, Optic Neuritis, 
and Choked Disc. 1 ' 

Walsh McDermott, associate pro¬ 
fessor of medicine, Cornell yniversity 
Medical College, will deleter the third 
William Allen Pusey Memorial Lec¬ 
ture of the Institute of Medicine of 
Chicago at a joint meeting with the 
Chicago Society of Internal Medicine 
on October 28. His subject will' bo 
“Antimicrobial Therapy . 99 

Hartmut Kallmann, former pro¬ 
fessor of physics at the Technische 
Hochschulc in Berlin-Charlottenburg 
and head of the Department of Phys¬ 
ics at the Kaiser Wilhelm Institute 
at Berlin-Dohlem, has been appointed 
professor of physics at New York 
University. Dr. Kallmann will con¬ 
tinue his research on the scintilla¬ 
tion counter, conductivity-counting, 
and fluorescence. 

Charlotte Moore-Sitterly, of the 

National Bureau of Standards f spec¬ 
troscopy laboratory, haB been elected 
an associate of the Royal Astronomi¬ 
cal Society of Great Britain. Dr. 
Bitterly was honored for her contri¬ 
butions in the fields of astronomy and 
astrophysics, particularly her exten¬ 
sive compilations of multiplet tables 
and her work in identifying lines in 
solar and sun spot spectra. She is 
the first woman to receive this dis¬ 
tinction, although the late Annie J. 
Cannon, of the Harvard College Ob¬ 
servatory, was an honorary member 
of the society. 

Visitors to U. S. 

Herman M. Kalckar, research 
professor of the University Institute 
of Cellular Physiology, Copenhagen, 
will deliver the first Harvey Lecture 
of the current series at the New York 
Academy of Medicine on October 27. 
Dr. Kalckar will - speak on “Easy- 
matic Reactions in Purine Metabo¬ 
lism.” 

C. F. Tipper, of the Engineering 
Laboratory, Cambridge, England, is 
dividing ten weeks in this country be¬ 
tween work on strength of metals at 
the Naval Research Laboratory, 
Washington, D. C., and visits to other 
scientific laboratories. During and 


following the war, in addition to her 
teaching at Cambridge University, * 
Dr. Tipper worked on deformation 
and fracture of practical engineering 
metals. She will lecture on 1 ‘ Correla¬ 
tion of Test Results” at the Metals 
Congress in Cleveland on October IP. 

Grants and Awards 

The Max Planck medal for sci¬ 
entific achievement was awarded on" 
September S3 to Lise Meitner, of the 
Royal Swedish Academy of 8ciences 
in Stockholm, and Otto Hahn, pro¬ 
fessor at Gottingen University. The 
medal, which is the highest award of 
the German Society of Physicists, 
‘was presented at Bonn University, 
Germany. 

The Franklin Medal, highest 
honor given by the Frnnklin Insti¬ 
tute of Pennsylvania, will be pre¬ 
sented this year to Theodor H. E. 
Svedberg, director of the Gustaf 
Werner Institute for Nuclear Chem¬ 
istry, Upsala, Sweden. The medal, 
which will be presented October 19 In 
a ceremony at the institute, is in rec¬ 
ognition of Dr. Svedbergdevelop¬ 
ment of the ultracentrifuge in deter¬ 
mining molecular weight# and other 
achievements in the field of colloid 
chemistry. Former winners of the 
medal include ThomaB A. Edison, 
Guglielmo Marconi, Albort Einstein, 
and Sir Robert Robinson. 

Fellowships 

The Life Insurance Medical Re¬ 
search Fund will accept applications 
for 1950 grants-in-aid of cardio¬ 
vascular research up to January 1, 
1950. Approximately $550,000 will 
be awarded in support of physiologi¬ 
cal, biochemical, and pathological re¬ 
search bearing on cardiovascular 
problems, as well as for clinical re¬ 
search in this field. Preference is 
given to fundamental research. 

At least 12 postgraduate fellow¬ 
ships between $3,000 and $4,000 are 
also available for research training, 
with larger amounts available in spe¬ 
cial eases. An M.D. or Ph.D. de¬ 
gree, or the equivalent, is required 
and applications for 1950-51 will be 
accepted up to January i, A num¬ 
ber of predoetoral fellowships for 
basic training in research will also 
be awarded, Applications and frit- 
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ther information may be seen red 
from the Scientific Director, Life In¬ 
surance Medical Research Fund, 2 
East 103 Street, New York City 29, 

Colleges and Universities 

Wayne University will present its 
sixth annual lecture series, “Fron¬ 
tiers of Chemistry,” cosponsored by 
the International Society of the 
Friends of the Krosge-Hooker Libra¬ 
ary, on consecutive Monday eve¬ 
nings, beginning October 10, Lec¬ 
turers and their topics will be: 
Charles Smyth, Princeton University 
Physics Department, * 1 Molecular 
Orientation and Dielectric Behavior 
in Liquids and Solids”; W, Conard 
Femeluts , Department of Chemistry, 
Pennsylvania State College, “Some 
Current Problems in the Structure of 
Coordination Compounds”; N. H. 
Furman , Department of Chemistry, 
Princeton University, “Electrical 
Methods of Chemical Analysis”; 
Paul D. Bartlett , Department of 
Chemistry, Harvard University, topic 
to be announced; Lee Jrvin Smiths 
School of Chemistry, University of 
Minnesota, “The Chemistry of Some 
Cyclopropanes "; A . X, Lehninger , 
Department of Surgery, University 
of Chicago, “The Enzymatic Oxida¬ 
tion of Fatty Acids”; Maurice L. 
Huggins, Research Laboratories, 
Eastman Kodak Company, 1 * Proper¬ 
ties of Long-Chain Compounds”; 
and D. C. Grahame, Department of 
Chemistry, Amherst College, “Prog¬ 
ress and Problems in tho Study of 
Electrical Double Layer.” 

The noncredit registration fee for 
the series is $5.00 and checks, made 
payable to Wayne University, should 
be mailed to J. Russell Bright, chair¬ 
man of Wayne's Chemistry Depart¬ 
ment. Qualified persons may arrange 
for graduate credit of one or two 
hours. 

The University of Cincinnati has 
opened a new psychosomatic ward at 
Cincinnati General Hospital. Pa¬ 
tients will be admitted with high 
blood pressure, stomach ulcers, 
asthma, diabetes, colitis, or other ail¬ 
ments not completely explained by 
physical causes. The n$w ward will 
aid in training and research in psy¬ 
chosomatic medicine. Maurice Le- 
hesdofthe university Depart¬ 


ment of Psychiatry, and M. A. 
Blankenhom, head of the Depart¬ 
ment of Internal Medicine, will be di¬ 
rectors of the new ward. 

Meetings and Elections 

The Conference of Professors of 
Preventive Medicine will hold its 
annual meeting October 24 at the 
Hotel Btatler, New York City. 
Health officers, personnel from gradu¬ 
ate public health fields, and other 
interested persons are invited to at¬ 
tend. Programs are available upon 
request from Leland W, Parr, George 
Washington University Medical 
School, Washington, D. C., or from 
David Rutstein, Harvard Medical 
School, Boston, 

The International Congress of 
Military Medicine and Pharmacy 

will be held October 23-29 In Mexico 
City. Maj. Gen, Raymond W. Bliss, 
Army Surgeon General, and his dep¬ 
uty, Maj. Gen. George E. Armstrong, 
will participate in the program, and 
several scientific papers will be pre¬ 
sented by Army, Navy and Air Force 
delegates. 

The Indiana Academy of Science 

will hold its fall meeting November 
3-5 at Wabash College, Crawfords- 
ville, Indiana. Papers will be pre¬ 
sented in tho 11 divisions of the 
academy. C. L. Porter, of Purdue 
University, will give the presidential 
address. 

A symposium on water problems 
of the process industries will be held 
by the New York Section of the 
American Institute of Chemical 
Engineers on November 17 at the 
Hotel Statler, New York City, Top¬ 
ics to be discussed include substitu¬ 
tion of air or seawater for surface 
water cooling towers, water treat¬ 
ment to reduce sealing, applications 
of compression distillation, and a 
survey of the economics of supply¬ 
ing water to the plant. 

The American Society of Ichthy¬ 
ologists and Herpetologists elected 
the following officers at its 29th an¬ 
nual meeting: John Treadwell Nich¬ 
ols and Helen T. Gaige, honorary 
presidents; M. Graham Netting, 
president; George & Myers, F. H. 
Stoye, and Fred E. Cagle, vies presi¬ 


dents; Edward C. Raney, secretary; 
Lionel A. Walford, publications sec¬ 
retary ; and Dwight A. Webster, 
treasurer. 

The 295th meeting of the Ameri¬ 
can Physical Society will be held at 
the University of Chicago, Novem¬ 
ber 25-26. Sessions of invited pa¬ 
pers will be presented by the Divi¬ 
sions of Electron Physics and of 
Solid-State Physics. Hotel head¬ 
quarters will be the Sherman Hotel 
and members should make their res¬ 
ervations by letter to Miss Ruth 
Brown, Sherman Hotel, Randolph at 
Clark Street, Chicago. 

Deaths 

Frederick MacAllister, 74, re¬ 
tired professor of botany at the Uni¬ 
versity of Texas, died in Austin on 
January 7. At the time of his death, 
Dr. MacAllister was preparing a 
monograph on the mosses and liver¬ 
worts included in his extensive col¬ 
lection. 

Alonzo E. Taylor, 78, pathologist 
and internationally known agricul¬ 
tural economist, died May 20 at his 
home in Palo Alto after a short ill¬ 
ness. Dr. Taylor joined the Stanford 
Food Research Institute as director 
in 1921 and resigned as director 
emeritus in 1936. Much of his time 
was devoted to research in the in¬ 
ternational relations of food supplies. 

Robert Gordon Sinclair, 46, 
Crtnne professor of biochemistry at 
Queen's University, Kingston, On¬ 
tario, Canada, died August 17 as the 
result of a swimming accident in 
Lake Ontario. Dr, Sinclair had been 
at Queen's since 1937 and had pre¬ 
viously held the rank of associate 
professor of biochemistry at the Uni¬ 
versity of Rochester. He was well 
known for his basic studies on the 
metabolism of phospholipides. 

John D. Long, 75, traveling repre- 
sentive of the Pan American Sani¬ 
tary Commission, died in Guayaquil, 
Ecuador on September 18. Dr. Long 
was formerly director of health in 
the Philippines, chief quarantine of¬ 
ficer of the Panama Canal Zone, vice 
director of the Pan American Sani¬ 
tary Commission, and vice president 
of the Far Eastern Tropical Medi¬ 
cine Institute. 
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Cobb Pilcher, 44, brain surgeon, 
and associate pro feasor of neuro¬ 
surgery at Vanderbilt University 
Medical School, died September 22 
of a heart attack. Dr. Pilcher had 
conducted extensive research in the 
treatment of Jacksonian epilepsy 
and brain infections, and in work 
with vascular lesions of the nervous 
system. 


The Oak Ridge Institute of Nu¬ 
clear Studies will present three ad¬ 
ditional basic courses in the tech¬ 
niques of using radioisotopes as 
tracers this winter. They will be 
held January 12-27, January 30- 
February 25, and March 6-31, 1950. 
Thirty-two participants will be ac¬ 
cepted for each course. Application 
for the January 2 course should be 
mailed prior to December 1. 

Each session is divided into labo¬ 
ratory work, lectures on laboratory 
experiments, general background 
lectures, and special topic seminars. 
Experiments will be conducted cov¬ 
ering the use and calibration of in¬ 
struments and the purification and 
separation of radioactive materials 
from inert materials and from other 
radioactive materials. Other labo¬ 
ratory work will be devoted- to the 
application of various radioisotope 
techniques. 

Seminar topics include the use of 
tracers in animal and human experi¬ 
mentation, design of radiochemical 
laboratories, dosimetry, instrumen¬ 
tation, the effects of radiation on 
living cells, and the principles and 
practices of radiation protection. 

A registration fee of $25.00 la 
charged for each participant* Hotel 
or dormitory facilities are available 
in Oak Ridge. 

Application forma and additional 
information may be obtained from 
Dr. Ralph T, Overman, Chairman, 
Special Training Division, Oak 
Ridge Institute of Nuclear Studies, 
P.O. Box 117, Oak Ridge, Tennessee* 

The National Research Council's 
Committee on the American Type 
Culture Collection, whiehwaa ap¬ 
pelated to study the problems of 
adequate financial support of the 
ATOC, has recommended Sncreating 
the prioe of cultures to make the 
maintenance and distribution of 


the collection cultures self-support 
ing. 

The ATCC has been supported 
since its beginning by gifts as well 
as by sales. With continually ris¬ 
ing costs the new policy was con¬ 
sidered preferable to requesting 
gifts annually from indSstjy. The 
price increase will be much 4ess for 
educational institutions, in keeping 
with the ATCC's objective to pro¬ 
vide an essential service to micro¬ 
biology. 

Beginning January, 1950, the 
price of cultures will be ten dollars 
each, with a discount of 70% to 
educational and charitable institu¬ 
tions, and to organisations or indi¬ 
viduals whose activities primarily 
concern the public welfare. 

The National Research Council 
committee is continuing its studies 
to insure permanence to the collec¬ 
tion and to increase its usefulness. 

The American Society of Zoolo¬ 
gist*, which meets December 28-30 
with the AAAS in New York City, 
has extended its deadline for demon¬ 
stration program papers to October 
£5. Papers should be sent to the 
secretary, Walter N. Hess, Hamilton 
College, Clinton, New York. 

The South African Journal o! Sci¬ 
ence, formerly a yearly volume of 
papers read at the annual congress 
of the South African Association 
for the Advancement of Science, has 
begun monthly publication. The 
new journal will no longer be con¬ 
fined to the publication of material 
presented at the annual meeting of 
the association, but will print short 
articles and comments on current 
affairs, letters to the editor, reports 
of meetings, and book reviews. 

A provisional advisory commit¬ 
tee on science abstracting for 
Unesco during the year following 
the publication of the report of the 
International Conference on Science 
Abstracting will be composed ©f t 
8 . Bhagovantam, scientific liaison 
officer, India House, London; Pierre 
Bourgeois, director, BJbliotheque 
National© Suisse, Sent ; Varner W* 
Clapp, chief assistant librarian, Li¬ 
brary of Congress* Washington, D. 
C. ; J. E. Cummin*, chief scientific 
liaison officer for Australia, Africa 
House, JAndohf Q. M, Findlay, e&\- 


tor, World AbstraoU , London; H. 
J2. Kruyt, Technische Natuurwetem 
schappelijk Onderzoek, Netherlands 
L. U. Lampitt, chairman, Bureau of 
Abstracts, London; BertU Lindblad, 
director, Stockholm^ Obeervatorium, 
Saltsjobaden, Sweden; Miguel 
Osorio de Almeida , director of the 
Department of Physiology, Institute 
Oswaldo Cruz, Rio do Janeiro; and 
Jean Wyart , Faculty des Sciences, 
Paris. I 

Make Plans for— 

Seminar for the Study and Prac¬ 
tice of Dental Medicine, October 
23-28, Desert Inn, Falm Springs, 
California. 

American Society for Horticul¬ 
tural Science, October 26-28, Mil¬ 
waukee, Wisconsin. 

A conference on mechanisms and 
evaluation of antiseptic activity, 
sponsored by the Biology Section of 
the New York Acadomy of Sciences, 
October 28-29, New York Academy 
of Sciences, New York City, 

Second Annual Nucleonics Sym¬ 
posium, sponsored by the Institute 
of Radio Engineers and the American 
Institute of Electrical Engineers, Oc¬ 
tober 31-Novembcr 2, Hotel Com¬ 
modore, New York City. 


Status of AAAS Meeting 
Reservations 

The early and heavy demand 
for eingle rooms already indi¬ 
cates a potential shortage of this 
type of accommodations at the 
116th Meeting of the AAAS in 
New York City, December 26- 
31. There are plenty of hotel 
rooms but many have double or 
twin beds. Miss Sylvia T. Pel- 
tonen, Manager, Housing Bu¬ 
reau, New York Convention aid 
Visitors Bureau, 500 Park Ave¬ 
nue, New York 22, who is in 
charge of room assignments, 
urges that, when possible, room 
reservations be placed by parties 
of two or more. This also has , 
the advantage of a lower eostp t 
per person. Room reservation 
coupons will appear in the ad- < 
vertisiug pages of Science at 
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Chromatography: A Perspective 


James E. Meinhard 

Department of Chemistry, University of Wisconsin, 

I N 1906 the Russian botanist, Tswett, published in 
the proceedings of the German Botanical Society 
(30) a description of a new technique for sepa¬ 
rating the components of complex mixtures. 
This technique, which was based on the partition of 
solutes between a stationary solid adsorbent and a 
moving liquid phase, was dealt with more compre¬ 
hensively in a later work in Russian (31). It con¬ 
sisted simply of pouring a small quantity of the solu¬ 
tion of pigments, strch as green leaf pigments, on the 
top of a vertical column of adsorbent and following 
this with pure solvent, whereupon a series of colored 
bands formed down the length of the column in a 
sequence determined by mass relationships and ad¬ 
sorption coefficients. Tswett named his technique the 
“chromatographic method.” 

Unfortunately the chromatographic method got off 
to a bad start. In the first place, Tswett’s book was 
published in Russian, and his original paper was 
published in a botanical journal, as were several later 
ones. Hence much of his work did not receive wide 
notice by chemists. In the second place, many of his 
publications at that time were somewhat polemic in 
nature. In reading the abstracts of his publications 
one cannot help but feel in Tswett a vigorous indi¬ 
vidualism, which probably grated on the sensibilities 
of the chemical hierarchy. Tswett had a clear con¬ 
ception of the tremendous scope of his discovery and 
such implicit faith in the procedure that against all 
opposition he insisted doggedly upon the presence of 
two components in chlorophyll and in the “phaeo- 
phytin” of that period. But for a lowly botanist to 
assault thus the whole chemical profession was un¬ 
thinkable ! Although a few isolated remarks ap¬ 
peared in favor of Tswett’s work, the chromatographic 
method fell largely into disrepute, and, according to 
Zeohm&iter (33), Tswett spent the latter part of his 
. life in misery and poverty, t 

Chromatography was not revived until 1931, under 
the stimulus of rather widespread researches on the 
carotenoids. In the intervening period only infre¬ 
quent references to the technique can be found. Pal- 
mer, in his monograph on the carotenoids (16) pub¬ 
lished in 1922, speaks very highly of the technique 
and refers to seyoral of Tewettfs publications. The 
importance of the carotenoids as precursors of vita¬ 
min A was not realised, however, until 1928, when 


Madison 

Euler and co-workers (3) pointed out that pure caro¬ 
tene, lycopin, and certain other carotenoids showed the 
same characteristic reaction with antimony trichloride 
in chloroform as did vitamin A. They further demon¬ 
strated the pronounced activity of carotenoids as 
growth factors and were able to show a definite rela¬ 
tionship (9) between the antimony trichloride reac¬ 
tion, carotene content, and vitamin A potency. This 
new incentive led several investigators to undortake 
intensive studies in this field, and in 1931 Kuhn and 
Lederer (13) described the separation of carotenoids 
from several natural sources by “adsorption analysis” 
on fibrous alumina. This was followed two years 
later by publications by Karrer and Morf (11) and 
Karrer and Walker (12) describing the separation of 
a- and P-carotenes on calcium oxide or hydroxide. 
Then in 1934 two articles by Strain (22, 23) ap¬ 
peared, setting forth the excellent properties of mag¬ 
nesium oxide as an adsorbent for the separation of 
a- and 0-carotenes. Strain concluded that there was 
no support for the view that a- and P-carotenea are 
artifacts arising from the action of the adsorbent 
These observations appear to have broken the back of 
any remaining opposition to the method initiated by 
Tswett, and numerous publications continued to flow 
from the pens of Karrer and co-workers, Strain, and 
others. 

From the early 1930’s to the present day, chroma¬ 
tography has continued to develop in a multiplicity 
of directions, aided by numerous ingenious devices and 
refinements in technique, so that there is no longer a 
single branch of chemistry that has not profitably 
employed this separational procedure. In the words 
of Paul Karrer in his lecture at the International 
Congress of Pure and Applied Chemistry (London, 
1947), quoted recently by Tiselius (-80): 

No other discovery has exerted such a great influence 
and widened the field of investigation of the organic 
chemist as much as Tswett’s chromatographic analysis. 
Research in the field of vitamins and hormones, caro¬ 
tenoids, and numerous other natural components could 
never have progressed so rapidly and achieved such great 
results if it had not been for this new method, which has 
also disclosed the enormous variety of closely related 
compoundsin nature. 

It is beyond the scope of this paper to treat indi¬ 
vidually of each important development or useful vari- 
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fttion in the method. An excellent review of the more 
important developments is given in a recent publica¬ 
tion by Strain (£5). A general perspective of the 
scope of modern chromatography! as well as some 
insight into possible future developments, may be 
gained, however, by considering the process from the 
standpoint of competing equilibria and by making a 
classification on this basis. Such a classification as¬ 
sumes complete reversibility in the interactions taking 
place—a condition occasionally not fulfilled and, for 
certain applications, not always necessary. But in the 
general case the stationary adsorbent and the mobile 
fluid (which may be either gaseous or liquid) compete 
with each other for the solutes originally present in 
the fluid phase. Such a classification is given in 
Table 1. 


becomes evident in the aggregation of particles to 
form a colloidal dispersion or a visible precipitate * 
In this discussion the term dispersion is not intended 
to include those diapersons arising from a process of 
complexing as described in the preceding paragraph. 
It doqg, however, include dispersions of proteins, sili¬ 
cates, soaps, dyes, organic polymers, and other par¬ 
ticles tehieh may or may not be ionically charged, de¬ 
pending upon pH, adsorption or occlusion of ions, 
presence of dissociable groups, etc. 

Association: A mutual attractiqn between a solute 
particle and another substance (either in the liquid 
or solid phase, or both), or between two solute par¬ 
ticles of the same species, which does not involve the 
establishment of fixed bonds. This interaction is char¬ 
acterized, rather, as a loosely bound complex of in¬ 


i'ABLE 1 


Primary 
mode of action 


Type of competitive interact ion : 


Class 

Mobile 

phase 

Solid 

phase 

Representative phenomena* 

Ionic : 

{solubility 

product, 

instability 

constant, 

etc.) 

1 

2 

3 

4 

C 

6 

7 

8 

0 

10 

Ions 

Complex 

Ions 

Complex 

Ions 

Complex 

Dispersion 

Ions 

Dispersion 

Dispersion 

Iona 

Ions 

Complex 

Complex 

Dispersion 

Dispersion 

Dispersion 

Association 

Ions 

* Complex 

Ion exchange 

Ion exchange 

Inorganic chromatography 
(Not reported) 

Fractional decomposition methods 

Fractional decomposition methods 

Diffusion of colloids, macromolecules 

Electrokinetics 

(Not reported) 

(Not reported) 

Nonionic: 

H-bondlng; dipole, and/or 
Induced dipole; 
geometry of molecules 
(partition coefficient*) 

11 

12 

18 

14 

15 

16 

Association 

Association 

Association 

Association 

Complex 

Dispersion 

Association 

Dispersion 

Ions 

Complex 

Association 

Association 

Organic (and partition) chromatography 
Catalytic polymerisation 

Catalytic dissociation 
(Not reported) 

(Not reported) 

Salting-out adsorption 


• The Item* In this column are admittedly incomplete and dependent primarily on the author’s limited knowledge. The 
reader may be able to suggest phenomena that could bo included In the spaces labeled “not reported/* 


In this table the following definitions apply: 

Ion: A solute particle having a definite electrical 
charge and characterized by a simple structure and 
subcolloidal dimensions* 

Complex : The product of a reversible interaction 
between a solute particle of simple structure and a 
complexing agent to form a new spades* The com¬ 
bination usually involves linkages of an auxiliary, or 
coordinate, character* The complex may itself be a 
simple structure (charged or uncharged), or it may" 
be a relatively large and complicated aggregation of 
particles appearing as a colloidal dispersion, as a 
precipitate, or as an immobile deposit on the solid 
phase. 

Dispersion : The product of a reversible interaction 
of a solute with another solute, or with the solvent 
Wrelf, to produce a species having a deereased asso- 
juation with the eolvent. This decrease in association 


determinate composition arising from the geometry of 
the molecules involved, from dipole and induced dipole 
interactions, from resonating electrostatic attractions, 
or from other imperfectly understood factors. The 
“bond energies" involved, insofar as this term may be 
applied here, lie in the neighborhood of 2 to 8 kilo¬ 
calories ^er mole, as contrasted with the much greater 
bond energies involved in the types of aggregation 
discussed previously. 

A casual study of these types of interaction will 
reveal that the selection is to some extent arbitrary. 
It is dificnlt or impossible to assign quantitative defi¬ 
nitions to these terms. Yet the phenomena they repre¬ 
sent are real, and their selection is based on their sug¬ 
gestiveness of there phenomena in accordance with 
current usage. Consequently, they ore employed hew 
as descriptive titles rather than as terms of exa^ 
deflnitiou*A*, such, th$y are paired fa Table 1 Jo 
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form sixteen possible combinations that theoretically 
may give rise to competing equilibria by means of 
their relationships to the mobile phase and the solid 
phase. The title gives the key to the type of rela¬ 
tionship existing. Each pair describes a class. Sev¬ 
eral of the classes represented will be recognized as 
already popular in chromatographic methods. Others 
are just being introduced, or have not as yet been 
suggested. It is the purpose of the following para¬ 
graphs to consider briefly the development and pros¬ 
pects of chromatography as related to these classes. 

Class 1: Chromatography by ion exchange has been 
widely studied. Schwab and co-workers have done 
considerable pioneering in this field (19, 20) and have 
applied inorganic chromatography as an adjunct in 
microanalysis (IS). Perhaps one of the most im¬ 
pressive applications of this method iB the concen¬ 
tration of the isotopes of potassium, lithium, and 
nitrogen by Taylor and Urey (27, 28) using columns 
of zeolites. The relative adsorption affinities of ions 
appear to depend primarily on valence, degree of 
hydration, and basicity. The separation of zirconium 
and hafnium on an ion exchange resin has been an¬ 
nounced recently (££), development being carried out 
with 6 M hydrochloric acid. The more basic hafnium 
appears first in the effluent. 

Class 2: An important refinement of simple ion 
exchange chromatography is described in considerable 
detail by Spedding, Boyd, Tompkins, and others (21). 
These investigators employed buffered citrate solutions 
in the chromatographic development of rare earth 
mixtures on synthetic ion exchange resins. The com¬ 
petition between resin and complexing agent for the 
individual elements gives rise to a separation depend¬ 
ing mainly on relative basicities. It was found pos¬ 
sible to separate in a comparatively small number of 
operations various mixtures of rare earth elements 
into spectroscopically pure individuals. To obtain a 
similar result by older methods requires as much as 
a thousand fractional recrystallizations. The chro¬ 
matography of fission product mixtures has led to 
the first positive chemical identification of isotopes of 
element til (14). 

Class 3 : By reversing the system described as Class 
2 and selecting a complexing agent for the solid phase 
it is again possible to achieve separation of ions. 
Brienmeyar and Dahn (7) have pioneered in this 
method* employing 8-bydroxycpiinoline a* the “ad¬ 
sorbent,** The position of several metals ore reeog- 
uifiable on the column by the colored complexes they 
pH of the liquid phase is an important 
fiaStor, since the stabilities of the complexes are di- 
toetly reiAted to it. The use of thir wdthod does not 
^ the limited 


number of complexing agents possessing favorable 
characteristics and also because even 8-hydroxyquino- 
line itself tends to be displaced from the solid phase 
during the process of development. It would seem 
that these difficulties could be overcome by “fixing” the 
complexing agent irreversibly on another solid. Silica, 
for example, might be precipitated in the presence of 
8-hydroxyquinoline to form an “oxinated” silica with 
the desired characteristics. Much developmental work 
is obviously possible. 

Class 4 : Finally, competing equilibria may be estab¬ 
lished between a complex in the mobile phase and a 
complex in the solid phase. A mixture of citrate com¬ 
plexes, for example, might be chromatographed on a 
column of 8-hydroxyquinoline. Here again, the sepa¬ 
ration will depend on the basicity of the complexed 
ion, and the sequence of zones should be predictable 
on the basis of ionic crystal radii. While this method 
increases the separations! possibilities included nnder 
the first three classes, no work seems to have been 
done on it, 

Class 5: A solution of cations by chromatographic 
development may be induced to precipitate in colloidal 
form through a gradual increase in pH. The colloidal 
material, being less mobile than the original ions, is 
retained in the interstices of the adsorbent as a “zone.” 
This mechanism has been pointed out recently ,bv 
Meinhard and Hall (15), and it is felt that some of 
the previously reported inorganic separations regarded 
as proceeding by simple ion exchange in reality occur 
by this process. The method is limited at present pri¬ 
marily to analytical applications on a micro or semi¬ 
micro scale. Its success will depend on refinements 
in technique which lead to reliable quantitative esti- ,, 
mations. 

Class 6: The system described as Class 5 may be 
modified by first complexing the original ions. The 
mechanism will then involve decomposition of the 
complex prior to the precipitation of a zone. Sepa¬ 
rations will be based on the relative stabilities of com¬ 
plexes and the mobility of the complexing agent. 
This system should not be confused with Class 15, in 
which the complex is adsorbed as such on the column. 
Where the chromatography of simple ions does not 
lead to a useful separation, a complexing agent may 
be employed to modify both the sequence and the 
sharpness of definition of tbe zones. Little work ap¬ 
pears to have been done on this type of separation 
(10) and the formation of a less mobile species by 
hydrolysis seems to have been largely overlooked. 

Class 7\ Chromatographic methods so far do not 
seem to have found much application in the separa¬ 
tion of proteins and other macromolecules or moleChlAr 
aggregates. In this classification the extent of 0* 
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grcgation of the colloid in the liquid phase is often 
different from, and usually less than, its aggregation 
when in contact with the solid adsorbent. Unfortu¬ 
nately, proteins are often irreversibly adsorbed and 
may suffer denaturetion at the solid-liquid interface. 
Adsorption studies on enzymes initiated by Willstatter 
(32) 7 and his school, have resulted in certain success¬ 
ful separations on alumina and silica gel, but such 
adsorbents cannot be applied generally. An obvious 
suggestion here, and one that apparently has not been 
reported, is the chromatography of protein dispersions 
using as the immobile phase a solid protein structure. 
Such a structure would seem to be capable of a maxi¬ 
mum degree of specificity combined with a maximum 
degree of “gentleness” toward the adsorbate. 

A somewhat different application of this method has 
been employed recently in tbe purification of zirconyl 
salts (I). This procedure depends on the formation 
of the hydrous oxide of zirconium when zirconyl 
nitrate is dissoJved in water at moderate concentra¬ 
tions. The hydrous oxide exists in colloidal form and 
is nonionic. By passing the solution through an ion 
exchange column all ions existing as impurities are 
retained, while the zirconyl colloid appears quantita¬ 
tively in, the effluent. A similar process has been 
indicated (4) for the commercial preparation of silica 
dispersions. A solution of sodium silicate is devel¬ 
oped on an acid-treated ion exchange resin, which 
retains the sodium ion and releases a salt-free colloidal 
silicic acid. 

Class 8 : When a solid does not contain individual 
ionic centers of attraction its activity toward the pas¬ 
sage of a solution of ions is manifested in the electro- 
^ kinetic effect. Here the ions are associated with the 
solid in a postulated electric double layer. A recent 
description of the process is given by Bikerman (2). 
The effect becomes prominent only at very low con¬ 
centrations and, in the case of uni-univalent electro¬ 
lytes, is proportional to the concentration- 172 . It is 
difficult to see how such a system could be made the 
basis of a useful chromatographic method, especially 
in view of the high potency of ion exchange media, It 
is interesting, however, to consider this effect in rela¬ 
tion to the migration of ions in soils and other geo¬ 
logical formations. 

Class 9: The chromatography of a colloidal dis¬ 
persion which combines ionically with the adsorbent 
has been suggested for proteins using an ion exchange 
resin (2$). The reaction of the colloid with ion ex¬ 
change media might be predictable on the basis of its 
interaction with other ionic species. It is impossible, 
however, to assess the potential value of such a method 
in the absence of experimental data. An interesting 
possibility is present in tlm case of insoluble inorganic 


salts. If an aqueous dispersion of barium sulfate, for 
example, is chromatographed on an acid-treated cation 
exchange resin, the barium ion should be adsorbed 
while sulfuric acid appears in the effluent. Develop¬ 
ment of the column may be continued using a different 
acid, the net result being a barium salt whose original 
anio* has been replaced. The chromatographic sepa¬ 
ration thus accomplished is one of cations from anions. 
A separation of a mixture of cations obviously can 
take place at the same time. Such an application 
should find use in certain analytical schemes where 
sulfate, or other anions, are objectionable and difficult 
to eliminate. 

Class 10 : If for the ion exchange resin of Class P 
a complexing agent is substituted, still another chro¬ 
matographic system, is obtained. If it is desired to 
chromatograph on 8-hydroxyquinoline a mixture of 
metals obtained as difficultly soluble salts, one may 
add them as a dispersion directly to the column rather 
than resorting to additional operations designed to 
convert them to a more soluble form. Using a buffer 
solution as the developing solvent, the original anions 
may be carried into the effluent and the metal zones 
themselves may be separated. Such a method, of 
course, has only a limited usefulness. 

Class 11 : Chromatography owes its present popu¬ 
larity primarily to its tremendous success in the field 
of organic chemistry. In this classification the usurp¬ 
ing effects of ionic charges are present to a negligible 
degree only, and separations become dependent on the 
associations of the solutes with solvent and adsorbent. 
Since differences in degree of association may arise 
from minute structural alterations, separations are 
based on structure alone. The separation of cis- and 
tram- isomers, and of optically active isomers, elo¬ 
quently demonstrates the potency of this method. One 
of the foremost publications on chromatography, es¬ 
pecially with respect to organic separations, is the 
book by Zechmeister and Cholnoky: Die chromatogra - 
phische Adsorptionsmethode (34 ), In spite of the 
extensive studies made in this realm, chromatography 
still remains largely an art rather than a science (24)* 

Partition chromatography also may be placed in this 
category. Here the “solid” phase is actually a sta- 
fcionary immiscible liquid phase, and the rate of mi¬ 
gration of the solute is a function of its partition 
coefficient in the two liquids. The filter paper chro¬ 
matography of protein hydrolyzates initiated by Cons- 
den, Gordon, and Martin (5) is an example of this 
method that has attained widespread use. It should 
be pointed out, however, that the partition chromatog¬ 
raphy mechanism is valid in a more general sense. It 
is generally agreed from independent experiments that 
retention of liquid at a solid-liquid interface may ex- 
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tend to a depth of as much as a hundred molecules 
or more, provided the solid is “wetted” by the liquid. 
In viscous flow such a layer may be regarded ns a 
“stationary” phase. Further, the structure of the 
stationary liquid is distinctly modified by the prox¬ 
imity of the adsorbent, thus completing the resem¬ 
blance to an immiscible liquid phase. It will be seen, 
therefore, that the difference between ordinary chro¬ 
matography and partition chromatography depends 
primarily on the selection of media and not on the 
mechanism involved. 

Class 12: The catalytic effect of an adsorbent on a 
given solute molecule occasionally results in polymeri¬ 
zation to a species which forms colloidal aggregates. 
This material may be adsorbed irreversibly or it may 
wander down the column at a sufficiently modified rate 
that a separation may be effected from another solute 
not similarly acted upon. The use of such a method 
is distinctly limited, especially since the polymeriza¬ 
tion process is in most cases irreversible. 

Class 13 : An adsorbent may also cause catalytic dis¬ 
sociation of a solute molecule with the formation of an 
ionic species in the adsorbate. Here again the process 
may be irreversible. By development with a suffi¬ 
ciently polar solvent, however, recombination of ions 
may occur, resulting in an equilibrium process. Ob¬ 
viously, in certain cases such a recombination may 
givo rise to a more complex mixture than the original 
material. The process has been made the basis of 
various separations, however, in certain types of par¬ 
tition chromatography where a solvolytic ionization 
takes place in the aqueous phase. Elsden (5), for 
example, has separated mixtures of fatty ucids in 
chloroform on a silica gel column, using bromcresol 
green as a column indicator. 

Class 14 : The employment of n solid phase which 
forms a complex with an organic solute does not ap¬ 
pear to have been reported. Picric acid is suggested 
here as a complexity agent which might be used ns 
the “adsorbent.” Since it is soluble in organic sol¬ 
vents, it must first be rendered immobile cither by 
the introduction of hydrophilic groups into the mole¬ 
cule or by irreversible adsorption on a suitable solid. 
Such a modified adsorbent may then be used in the 
chromatography of aromatic hydrocarbons, ethers, etc., 
the separation depending upon the relative stabilities 
of the corresponding picrates. Inasmuch as such pic- 
rates are often highly colored, the progress of a zone 
down the column may be readily traced. Other similar 
completing agents include eiym-trinitrobenzene, picro- 
lonie acid, styphnic acid. Mercury salts might be used 
in the chromatography of certain unsaturated com¬ 
pounds; and such materials hs calcium chloride and 
aluminum chloride, could be used in the separation 


of aliphatic ethers. For the separation of halogen 
derivatives, the use of ion exchange resins containing 
amine and imine groups is possible. All of these 
systems require essentially anhydrous conditions in 
order to avoid complications of an ionic character. 

Class 15 : The solubility of various metal complexes, 
such ns the difchizonafces, in organic solvents has led to 
a number of extraction procedures of analytical value. 
Little has been done, however, with the chromatogra¬ 
phy of such solutions. The separation of heavy metal 
dithizonotes on alumina has been reported ({?) as 
partially successful, but the use of other complexes 
in this manner has not been described. It is felt that 
further investigation of this method should be re¬ 
warded by useful separations which are especially 
applicable in trace-metal analysis. 

In this same category partition chromatography is 
also possible. Such a system would involve the perco¬ 
lation of an organic solution of complexes through a 
column of silica gel, or other suitable water-retentive 
adsorbent. It might be suggested that this method be 
included in Class 4 except that here we are concerned 
primarily with the association of complexes rather 
than the competition between two different complexing 
agents. These systems may be reversed by employing 
an organic solvent in the solid phase and using an 
aqueous solution of complexes for the mobile phase. 

The chromatography of aqueous solutions of metal 
complexes on hydrophilic adsorbents which have been 
pretreated with the complexing agent has been de¬ 
scribed. (35). Where these complexes are ionic in 
character (e.g., the metal ammine complexes) this 
system becomes one of simple ion exchange and prop¬ 
erly belongs in Class 1; where they are uncharged 
(e.g., soluble chelate complexes) the migration of the 
complex is governed primarily by its association with 
the adsorbent and may be included here. The devel¬ 
oping solvent in these cases also contains the com¬ 
plexing agent, and the separation of zones results 
from a competition, between the aqueous phase and 
the adsorbent for the complexed material. That is, 
dissociation of the complex itself is not a material 
factor in the process, as it is in Classes 2, 3, and 4. 
These fields of application are untouched. 

Class 16: The chromatography of colloidal disper¬ 
sions is beset with a number of difficulties, includ¬ 
ing the possibility of the presence of an almost limit¬ 
less number of molecular species (e.g., polymers) and 
of widely varying degrees of aggregation. A phe¬ 
nomenon has been suggested recently by Tiselius (£9), 
however, which promises to assist materially in the 
chromatography of proteins, namely, “salting-out” ad¬ 
sorption. Proteins of low adsorption affinity may be 
strongly bound to the solid phase in the presence of 
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a salting-out agent such as ammonium sulfate. The 
exact nature of the association of the protein with 
the adsorbent is not known, but where the strength 
of association varies with different proteins the basis 
of a chromatographic separation is established. The 
elution of separate proteins may be carried out simply 
by varying the salt concentration in the developing 
solvent. The success of the method requires, of course, 
complete reversibility among the species present. 

Some progress in the chromatography of particu¬ 
lates ranging from virus to bacterial size has been 
■bade, and its application has been demonstrated re¬ 
cently (17) in the separation of certain subcellular, 
enzymatically active granules. This separation was 
accomplished on columns of CeJite, using aqueous 
solutions of sodium chloride as developing solvents. 
The mechanism here, also, is apparently one of salt- 
ing-out adsorption, inasmuch as the original adsorp¬ 
tion was accomplished under the influence of a much 
higher salt concentration than was used in the devel¬ 
opment of the column. Obviously, such a procedure 
is of value in amplifying, or supplanting, centrifugal 
methods of separation. 


It will be apparent to investigators familiar with 
chromatographic methods that the scheme advanced* 
above is somewhat oversimplified. It often happens, 
for example, that two or more of the types of inter¬ 
action given here occur simultaneously in varying 
degrees on a single chromatogram. Conversely, be¬ 
cause the exact nature and properties of certain solute 
, particles arc not well understood, it becomes difficult 
to place their chromatographic behavior in a specific 
class. It is also apparent that many of the significant 
advances in instrumentation have been omitted. For 
a description of these, the reader is referred to the 
several excellent reviews and monographs on the 
subject. 

This tabulation is designed primarily to fulfil] two 
purposes. It is intended, first, to point out those 
directions in which the greatest advances in chro¬ 
matography have taken place and to reveal some 
of the reasons for these advances. Second, it is 
intended to suggest other applications which have not 
been tried, or which have been only briefly examined, 
with the hope of indicating some probable areas of 
future research. 
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TECHNICAL PAPERS 


The Proteins of Mammalian Spermatozoa 
and Cellular Nuclei 1 

Lloyd £, Thomas and Donnie T. Mayer 

Department of Biochemistry, School of Medicine and 
Department of Agricultural Chemistry, College of 
Agriculture, University of Missouri, Columbia 

Since the early work of Mienehor, Kossel, and others, 
cellular nuclei and fish spermatozoa have been known to 
contain a basic protein (either histone or protamine) and 
nucleic acid. Miescher ( 8 ) and Mathews ($) were unable 
to demonstrate the presence of histones or protamines in 
bull spermatozoa. 

Mayor and Gulick ( 4 ) separated thymus nuclei by 
using Behrens f technique and extracted from the nuclei, 
by means of warm 3% NaOH solution, a protein fraction 
which precipitated when the solution was brought to 
about pH 6. They also extracted another fraction from 
thymus nuclei with a warm 5% NaCl solution. This ma¬ 
terial was precipitated by dialysis. 

Mirgky und Pollister (6, 6) used 1 u NaCI to extract 
from minced tissues a nuclear material which was pre¬ 
cipitated by dialysis or dilution. In addition to histone 
and nucleic acid, the extracts contained in suspension a 
tryptophane-containing protein fraction. They were un¬ 
able, however, to extract this material from bull sper¬ 
matozoa (€). Mirsky and Bis (7) later identified a “re 
sidual protein, * * obtained from isolated chromosomes, 
with this tryptophane-containing protein fraction. The 
residual protein was insoluble in any medium which 
leaves proteins intact. 

Btedman and Stedman (9) found a protein fraction 
other than histone in cellular nuclei. This protein frac¬ 
tion, which they called “chromoaomin, M was reported 
(10) to be insoluble in dilute acids and alkalies. It re¬ 
quired from 1 to 3 days for dissolution in 1.0 N NaOH 
solution. The “ chromosoznin f9 from cod spermatozoa 
was found to contain 9.8% arginine, and the same frac¬ 
tion from Walker rat sarcoma 8.0% arginine (11). 

Green (£) extracted ram spermatozoa with dilute acid 
and alkali, and suggested that the residue was probably 
the membrane substance. Analysis of the residue showed 
that it contained no lysine, approximately 23% arginine, 
and 13% histidine. 

The following summarizes the results of rather ex¬ 
tensive work by the authors on boar and ram sperma¬ 
tozoa. Most of this work was done on boar spermatozoa. 

Our work indicates that neither boar nor ram sperma¬ 
tozoa contain any material soluble in distilled water or 
1.0 or 2.0 U NaCI solutions. Grinding of the boar 

1 Contribution from the Department of Agricultural Chem¬ 
istry, Missouri Agricultural Experiment Station*, Journal 
8* tie* No. 1157. 


spermatozoa or freezing them to -40° C, and thawing, 
did not affect the results with the reagents mentioned. 
Dilute or concentrated acids, dilute alkalies, detergent 
solutions, and thioglycoUic acid solution extracted only 
a small amount of material from these cells. 

Extraction by stirring for 30 min at room temperature 
with 1.0 N NaOH, however, removed two protein frac¬ 
tions from boar spermatozoa which precipitate at about 
pH 6.0 and pH 4.5 respectively. At this point most of 
the tails and midpieces had disappeared, but the heads 
retained their shape. The pH 8.0 fraction is so large that 
it can hardly have come from the tails and midpieces. 
It contained less than 1% phosphorus. The following 
amino acids were found in hydrolysates of this fraction 
by means of paper chromatography:* arginine, lysine, 
histidine, proline, valine, leucine (isoleucine), phonyla- 
lanine, tyroBine, methionine, alanine, threonine, serine, 
glycino, cystine, glutamic acid, aspartic acid, and two 
unidentified substances. Microbiological assay* showed 
that tryptophane is also present. A chemical method and 
a microbiological method both showed the pH 6 fraction 
to have an arginine content of about 10%. 

The smaller pH 4.5 fraction may consist of some of the 
pH 6.0 fraction, combined with a small amount of nucleic 
acid. 

The residual material left after a half-hour extrac¬ 
tion with 1.0 N NaOH contains moat of the nucleic acid 
of the cells. Paper chromatography of hydrolyzates of 
this material showed the presence of arginine, proline, 
valine, leucine (isoleucine), phenylalanine, alanine, threo¬ 
nine, serine, glycine, cystine, glutamic acid, and aspartic 
acid. Microbiological assay indicated that tryptophane is 
also present. Neither method showed more than"traces of 
methionine, histidine, or lysine. Both chemical and micro¬ 
biological determinations indicated the presence of a 
large quantity of arginine. Calculations allowing for the 
nucleic acid content of this fraction indicated that the 
arginine content of the protein part is at least 25%. 

Allowing this residual material to stand overnight at 
room temperature with 1.0 N NaOH brings into solution 
some material which contains protein but is predominantly 
nucleic acid. The dissolved material precipitates at about 
pH 2-3 when the solution is acidified. It seems that the 
long treatment with alkali probably brings about the 
splitting of a nucleoprotein complex. Practically nothing 
is brought into solution when the long treatment with 
alkali is carried out at 5° C. The portion still undissolved 
after thiB long alkali treatment contains what appear 
to be ‘ * ghost ’ ’ heads of spermatozoa and also some fine 
granular material. 

* The paper chromatography was kindly done for us by Dr. 
Eugene Roberta, of the Cancer Research Division of the An¬ 
atomy Department, Washington University School of Medi¬ 
cine, St. Louts. 

* We are indebted to Mr, A. Lee Caldwell, of Bit Lilly and 
Company for the microbiological assays. 
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Previous work by other investigators and our work 
would seem to indicate that nuclei, in general, contain the 
following: 

1. Nucleohistones or nucleoprotamines extractable with 
water or NaCl solutions. 

The mammalian spermatozoa so far studied differ 
from other nucleated cells in containing no substances 
soluble in water or NaCl. These substances may bo 
present in an altered form with different solubility charac¬ 
teristics. 

2. Proteins extractable with alkali and precipitating 
when the solution is made acid. 

The pH C fraction from thymus nuclei (Mayer and 
Gulick) and the pH 6 and 4.5 fractions from boar sperma¬ 
tozoa are protein fractions of this nature. This type of 
protein can be included only provisionally as a constituent 
of nuclei in general. 

3. A highly insoluble residual material containing pro¬ 
teins and nucleic acids. 

Green’s residue from ram spermatozoa, the tryptophane*- 
containing protein of Mirsky and Pollister, the 4 ‘residual 
chromosome” of Mirsky and Kis, the 41 chromosomln” 
of Bfcedman and Stedman, and our residual material from 
boar spermatozoa all seem to belong in this category. 
They are all highly insoluble and require drastic treat¬ 
ment to bring even a part into solution. 

A highly significant characteristic of the residue ob¬ 
tained by Green from ram spermatozoa and of our 
residue from boar spermatozoa is the high arginine 
content. The absence of lysine from these residues is 
also of interest. 

Davidson and Lawrie recently reported ( 1 ) the results 
Of amino acid analysis by paper chromatography of his¬ 
tone and residual material from calf thymus, rat liver, 
and fowl erythrocyte nuclei. These authors noted the 
absence of lysine in the residual material from all three 
of these sources. The quantity of arginine present was 
not reported. 

The presence of more than one type of protein in each 
of these insoluble residues must be considered. The pro- 
teinp with high arginine content in some of these residues 
may be, as suggested, altered forms of nucleohistones. 
On the other hand, the proteins of high arginine content 
in these residues may represent an entirely different type 
of protein. 
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A Possible Standard for Radioiodine 

A. H. W. Aten, Jr. 

Institute for Nuclear Research, Amsterdam , Netherlands 

Recently a radioactive thallium isotope has been sug¬ 
gested as a Btandard for comparison with I^si (1). it 
seems lilply, however, that Cl 36 will be more satisfactory 
for the purpose. Its maximum 0-energy, 0,66 mev, differs 
very little from the corresponding value for 1*3% 0,60 
mev. Radioiodine haB a second limit of minor importance 
at about half this value (3, 4). ^ 



Fio. 1. Absorption of the beta rays of Cl" - and I m In 
aluminum. The curve + + + indicates beta particles already 
Altered through 125 mg/cm*. It is the continuation of the 
top curve. 

The difference between the 0 energies is, however, suf¬ 
ficient to make the absorption curves quite dissimilar 
(Fig. l).i As both lines curve downward in the normal 
way, it is possible to select two parts, one for each line, 
which have the same direction. Thus the absorption of 
C1 M 0 particles, which have passed through 125 mg/cm* 
of aluminum, coincides almost exactly with the absorp¬ 
tion of the untutored (J radiation of I m .“ This suggests 
the use of a preparation containing 01®* covered with 
125 mg/cm - of aluminum as a standard for I™. As only 
weak gamma rays are emitted by Cl® 8 ( S ) there is no ob- 

1 The absorption of the fi radiation of Cl* was determined 
In connection with measurements performed tor Mr. C. B. 
Heyn. The Cl" had been allotted to him for physiological 
investigation* by the Atomic Energy Commission. The radio- 
iodine had been furnished by the Isotope Branch of the 
Atomic Energy Research Establishment, Harwell. 

* Hadiochlorine bad been purified from radlophospborue 
and radiosulfur. Further purification caused no change in 
the absorption curve. The absorption of radioiodine beta 
rays was checked by comparison with a second preparation, 
obtained a few weeks earlier. 
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jection to the reduction of the intensity caused by this 
filtering. 

A C130 sample, prepared as described, was compared 
with a radioiodino sample, using different counters which 
happened to be readily available in our institute. The 
results are seen in Table 1. 

TABLE 1 


Counter type 

Window thickness 
mg/cm* 

Ratio of cpm 
with standard 
and with 
radio Iodine 

Tracerlab 

2.78 (mien) 

1.08 

Beta counter 

1.5 (mica) 

1.06 

X ray counter 

4.3 (mien) 

1.06 

Philips Eindhoven 

about 80 (steel 
tube) 

1.41 


It is seen that the agreement with mdea window counters 
is excellent, and even with a steel tube counter, a type 
of instrument which will never be chosen for standardiz¬ 
ing radioiodine, the agreement is not worse than the 
average result obtained in different laboratories (1). 
This means that, with our standard, radioiodine samples 
can be counted under different counting arrangements 
without corrections. 

The standard should not be used at a distance much 
less than half the diameter of the counter's sensitive sur¬ 
face. Results are best between this distance and twice its 
value; if larger variations are allowed results tend to be 
less satisfactory and deviations of about 25% may occur. 
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The Inhibition of the Cholinesterase Activity 
of Human Blood Plasma by Neutral 
Phosphate Esters. II: Studies with Hexa 
l-C 14 *EthyI Tetrapolyphosphate 1 

Ralph W. Braver and Rita L. Pewotti 

Department of Pharmacology and Experimental 
Therapeutic$, School of Medicine, 

Louisiana State University, New Orleans 

Compounds containing the grouping P-O-R (R = alkyl 
or aryl) are potent inhibitors of human plasma cholines¬ 
terase if they also include a sterically strained configura¬ 
tion around the phosphorus atom (as in tri o-cresyl phos¬ 
phate), or If that atom participates in an add anhydride 
linkage (as in the ease of the tetraalykl pryophoephates) 

1 Supported by a grant from the Division* of Research 
Grants and Fellowships, U. 8. Public Health Service. 


(£). The reaction between enzyme and inhibitor results 
in the rapid inactivation not only of the enzyme, but also 
of the inhibitor, Inactivation of the inhibitor is observed 
only on reaction with active esterase, and inactivation of 
the enzyme does not take place if the pyrophosphate 
linkages of compounds like tetraethyl pyrophosphate have 
been hydrolyzed by even brief contact of the inhibitor 
with water. The inhibition of plasma cholinesterase 
activity by such compounds is not reversed on removal 
of the inhibitor by hydrolysis and prolonged dialysis. 

These observations strongly suggest that the interac¬ 
tion of plasma cholinesterase with such phosphorus com¬ 
pounds results in the formation of rather stable com¬ 
pounds involving the active groupings of the enzyme. 

TABLE 1 


Specific activity of HETP 
Activity added as HETP to 
all preparation* 

Activity recovered ln k protein 
precipitated after dlalyslB : 
From active enzyme + 
intact HETP 
From active enzyme + 
hydrolyzed HETP 
From denatured enzyme + 
intact HETP 


7.01J x 10 2 epin/niM 

5.74 x 10* cpm/mg protein 

8.05 cpm/mg protein 
1.43 cpm/mg protein 
1.03 cpm/mg protein 


In order to further tost this hypothesis, hexwthyl tetra¬ 
polyphosphate (HETP) containing P te or C u as tracer 
atom has been prepared. An earlier test employing F" 
tagged material ($) merely demonstrated that less than 
1.0% of the HETP added was fixed on the enzyme, sug¬ 
gesting that the anticholinesterase activity of this ma¬ 
terial might reside in a minor component obtained in the 
course of preparation; possibly this component could be 
tetraethyl pyrophosphate (TEPP), the most active mem¬ 
ber of this group detected so far. The purpose of the 
present note is to report results obtained under more 
favorable conditions involving the use of C u -labeled 
HETP. 

The preparation of the inhibitor from P s 0 6 and 
P(0)(0C 8 H 5 ) B was carried out as described previously 
(£), except that C u -containing triethyl phosphate, pre¬ 
pared by reacting CH|C ,4 H»I with silver phosphate, waa 
employed.* The preparation obtained had a specific ac¬ 
tivity of 3 mc/mM of hexaethyl tetraphosphate. The 
human plasma esterase preparation employed 1 had a 
cholinesterase activity of 5.24 m CO, evolved/hr/g under 
standard conditions (0.8 If acetyl choline bromide) (I); 
this preparation is approximately ten times as pure as 
the fraction IV-6-3 previously employed. 

The plan of the experiments, based upon these methods 
may be seen from Table 1. The following are additional 
details of preparation: a slight excess of inhibitor, or 
its equivalent, was added to the enzyme; HETP was 
hydrolyzed by contact with water (1% solution) for 7B 

■This preparation was carried out for this laboratory by 
Tracer lab, Inc., Boston, Massachusetts. 

•This material was made available through the kindness 
of Dr. Surgenor, Department of Physical Chemistry, Harvard 
Medical School, Boston, Massachusetts. 
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hr; less than 0.1% of the initial anticholinesterase ac¬ 
tivity remained at this time. Denatured enzyme was pre¬ 
pared by heating the enzyme solution to 80° C for 20 min 
to complete inactivation; 0.46% concentrations of pro¬ 
tein were used in all cases. Dialyses were carried out in 
a rotating rack against 15 successive changes, at 8-hr 
intervals of 0.3% NaCl (30 ml per 4 ml enzyme solution 
each time ); no C u could be detected in any dialyzatos 
after the tenth change. Precipitation of the protein from 
the dialyzed solutions was performed by the addition of 
five volumes of acetone to one of enzyme solution, after 
preliminary trial had shown that results obtained by this 
procedure did not differ from those obtained under the 
much more elaborate conditions required to obtain a 
dry precipitate of native protein. For counting, samples 
weighing 2.8-3.1 mg were collected on filter paper disks 
of 8.9 cm®, dried in a vacuum desiccator, and counted 
directly (2.0 mg/cm 8 end window counter). Since all 
samples fell within the same narrow and low range of 
mass thickness, no self-absorption correction was ap- 
plied. A standard was prepared by combustion of a 
known weight of HETP, collection of the CO* formed as 
BaCO„, dilution of the activity with a known proportion 
of BaCO* in a homogenizes and counting of a 3.0-mg 
sample on filter paper. 

Three experiments carried out by these procedures 
yielded results in close agreement. Table 1 shows the 
averages of the values obtained. Three points are im¬ 
mediately evident from inspection of the figures. There 
is a definite, measurable uptake of C 1 * by the enzyme on 
reaction with active inhibitor. There is much less, though 
yet measurable, protein fixation of C 14 under conditions 
which do not result in enzymologically detectable re¬ 
actions between protein and phosphorus compounds. 
Only a small fraction of the HETP required to inhibit 
the enzyme is actually bound by the protein. 

From the figures for C“ uptake and for the specific 
activity of the sample of HETP employed, molecular 
relations eon be calculated if the molecular weight of the 
protein is known. Taking 3 x 10® as, at present, the most 
likely value for the mean molecular weight of this protein, 
a figure of 3.46x10 * mol of HETP bound per mol of 
protein is obtained. 

Assuming that inhibition of 1 mol of enzyme involves 
the firm fixation of 1 mol of inhibitor, theso data suggest 
that the protein preparation employed actually contained 
about 3% active enzyme. This estimate is in good accord 
with values derived from other considerations. 

The protein-to-inhibitor ratio derived from the fixa 
tion of C u is also in good accord with the ratio calcu¬ 
lated for TEPP from data on enzyme inhibition. In 
this ease> 50% inhibition of the present enzyme prepara¬ 
tion occurs at a ratio of 1.41 x10-*m TEPF/m protein, 
or a calculated uptake for complete inhibition (in view 
of the linear concentration-inhibition curve [£] of 2.82 x 
10 ^*m TEPP/m protein). This figure is in fair agree¬ 
ment with that calculated above if correction is made for 
O 14 uptake that does not appear related to the enzyme- 
Inhibitor reaction. 

The data presented indicate the formation of a stable 
compound between plasma cholinesterase and a small 


fraction of the hexaethyl tetrapolyphosphate required t<> 
inhibit the enzyme. From 82 to 88% of the C**-fixation 
thus obtained appears to be related to the enzyme inhi¬ 
bition, the rest being accounted for by a much less 
specific reaction. Calculations have been presented indi¬ 
cating that the amount of C 14 taken up in connection with 
the specific reaction is dose to the amount of tetraethyl 
pyrophosphate required for complete inhibition of the 
enzyme, again suggesting that the anticholinesterase ac 
tivity may reside in this or closely similar compounds of 
this group. Finally, an estimate of the molecular rela¬ 
tions between HETP and the enzyme hijs been presented; 
a reasonable value (about 3%) for the purity of the 
enzyme preparation employed could be arrived at on the 
assumption of a mean molecular weight of 3 x 10® for the 
protein, and of a reaction involving 1 mol of HETP and 
1 mol of protein. 
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Iron Metabolism . 1 Heme Synthesis in Vitro 
by Immature Erythrocytes 

R. J. Walsh, E. D. Thomas, S. K. Chow, 

R. G. Fluharty, and C. A. Finch 

Department of Medicine, Harvard Medical School, 

The Medical Clinic , Peter Bent Brigham Hospital , Boston. 
and Radioactivity Center of the Laboratory of Nuclear 
Science and Bngineeting, Massachusetts Institute of 
Technology, Cambridge 

Studies with radioiron have indicated that there is no 
exchange of iron between the mature erythrocyte and 
surrounding plasma (5, 4). The following data, however, 
indicate that reticulocytes will assimilate iron and syn¬ 
thesize heme in vitro , and that this uptake of radioiron 
may be used as an indicator of the rate of hemoglobin 
synthesis. 

Fe® and Fe* with specific activity of about 20 and 200 
nc/mg iron respectively were prepared at the Massachu¬ 
setts Institute of Technology cyclotron. Blood with an 
increased content of reticulocytes from patients with per 
nicious anemia during a response to liver and from pa¬ 
tients with iron deficiency! and bone marrow from rats 
and humans were used. In vitro studies were performed 
in rocking ^boats at 37° C in a gas mixture of 95% oxygen 
and 6% CO t , as previously described by Geiman and his 
associates (£), over a period from 4 to 24 hr. Those 
experiments extending beyond 6 hr were carried out with 
sterile precautions. 

1 Assisted by tbs joint prog rant of the Office of Naval Re¬ 
search the Atomic Energy Commission, by a research grant 
from the Division of Research Grants and Fellowships of the 
National Institutes of Health, tJ. 8, PUbUc Health Service 
and, In part, through support from Smith, Kline, and FremA 
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While blood containing lew than 1% reticulocytes took 
up no measuroable quantity of radioiron, uptake of 
radioactivity was demonstrated repeatedly in blood with 
a high reticulocyte content, That the radioactivity was 
localized in the immature coll population was shown by 
correlation of the reticulocyte count and radioactivity 


TABIdS 1 


ItoticulocyteH ('pin/ml rod cells 

Top 



(low cell specific gravity) 

53% 

000 

Bottom 



(high cell specific gravity) 

5% 

35 


in various fractions of this blood separated by the al¬ 
bumin flotation technique (7). 

Table 1 shows such a separation of whole blood pre¬ 
viously incubated for 4 hr with radioiron, washed five 
times in ten times its volume of 1% saline, and then 
partitioned by albumin flotation. 

Various types of blood were studied, including iron- 
deficiency anemia, acquired hemolytic anemia, sickle cell 
anemia, and pernicious anemia. The uptake of iron in 
all instances was attributable to tho presence of reticulo¬ 
cytes. It would further appear that in pernicious anemia 
at least the rate of uptake is also related to the type of 


reticulocyte present. The early reticulocytes after liver 
therapy 'Contain more reticular material and pick up 
more radioactivity, as shown in Fig, 1. 

Conditions necessary for the uptake of radioiron have 
been studied to a limited degree. Ferrous iron added to a 
saline suspension of erythrocytes containing an increased 
number of reticulocytes is taken up perhaps twice as 
rapidly as ferric iron. Iron carried by the iron-binding 
protein of the serum (4) is assimilated by the reticulo¬ 
cyte but less rapidly than the inorganic ferrous and 
ferric iron. The iron uptake is impaired by lack of 
glucose in the media and by low temperature. In an 
effort to determine whether the uptake of iron indicated 
hemoglobin formation, red cells have been fractionated 
after incubation with radioiron. The largest amount 
of activity in the reticulocyte portion wub found in the 
stroma of the hemolyzed colls. However, significant 
amounts of rndioiron were also demonstrated in recrystal¬ 
lized heme from those cells. Those observations indicate 
that the physiological j>rocess of the assimilation of iron 
by the developing red cell is, first, the attachment of iron 
to acceptors in the red cell stroma capable of removing 
iron from the serum and second, the synthesis of heme. 
These studies also indicate that reticulocytes are still 
capable of completing the process of hemoglobinization 
in tho peripheral blood, in koejjing with observations that 
tngged reticulocytes live a normal life span (t). 




Fro. l. Incubation of blood with radioiron in vitro. The patient studied had pernicious anemia and was given 00 units 
of liver concentrate on 0 day. On each subsequent day 20 ml of blood was drawn and incubated with radioiron over a pe¬ 
riod of e hr. The % reticulocytes and uptake of radlolron per ml of blood and per ml reticulocytes are shown above. It 
iff assumed In the calculation of activity per ml reticulocytes that only reticulocytes take up rndioiron. 

The dotted line in the figure indicates % reticulocytes; the solid line Indicates radioactive counts. 
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Similar incubation studies have been conducted on bone 
marrow aspirations. As might be expected from the 
spectrophotometric studies of Thorell relating to hemo¬ 
globin synthesis (0), the uptake of radioiron by normo¬ 
blasts is much greater than that observed in reticulocytes. 
Again, radioactive heme could be demonstrated after in¬ 
cubation of radio iron with these marrow cells. 



F to. 2. Marrow Incubation. Effect of folic acid and liver. 
Marrow cells obtained by Bternal aspiration from patients 
with untreated pernicious anemia showed an increase in radio¬ 
iron uptake of 60%, 44%, and 28% after addition of liver 
Ux30~* unit) or folic acid (5 ng). This was in contrast 
to slight decreases found in other conditions not involving a 
deficiency In these substances. 


It is possible to use radioiron as an indicator of altered 
hematopoiesis, as shown in Fig. 2. Suspensions of mar¬ 
row from patients with untreated pernicious anemia have 
repeatedly shown an acceleration of the rate of iron up¬ 
take after the addition of liver or folic acid as compared 
with control studies. This has not occurred in conditions 
other than those characterized by specific deficiencies of 
the substances used. These observations on the marrow 
colls in untreated pernicious anemia indicate that these 
effective therapeutic agents act directly on the immature 
erythrocytes. 
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Freezing of Whole Blood 

Max M. St rami a 1 

John $, Sharpe Research Laboratory 

and the Laboratory of Bryn Mawr Hospital, 

Bryn Mawr, Pennsylvania 

It is * generally accepted hypothesis that freezing and 
thawing of red colls results in hemolysis. Alternate freez¬ 
ing and thawing is a procedure commonly employed in the- 
laboratory for the purpose of obtninjng hemolysis. Pre¬ 
liminary experiments carried out in 1942 showed that the 
hypothesis is not correct under all conditions, i.e., it is 
possible to freeze whole blood in u solid mass and thaw 
it without appreciable hemolysis. 1 * Freezing of blood'' 
is here intended to mean solidification of blood by means 
of temperatures wel\ below the freezing point of blood. 

Early in our experiments, evidence showed that the 
type of water crystallization resulting from freezing was 
not an essential factor in the behavior of the red cells. 
Thus, equally good preservation of red cells was obtained 
by slow freezing at -3° C or by very rapid freezing at 
-60° C. In the case of slow freezing, the mass of frozen 
blood showed formation of large crystals; whereas with 
fast freezing, the mass of frozen blood appeared very 
uniform. Fast freezing was carried out as follows: 1 ml 
of whole human blood collected in an acid-citrate-dox^rose 
mixture was placed in a glass test tube. The blood was 
frozen by manually rotating the tube in cracked CO a ice. 
Freezing occurred in a few seconds, and the tube con¬ 
taining the solid blood was removed instantly upon solidi¬ 
fication and placed in the water bath at 37* C to thaw 
with the aid of agitation. The hematocrit before freezing 
was 39.37; after freezing and thawing, 39.07; the super¬ 
natant fluid Bhowed no appreciable discoloration from 
hemoglobin. However, if frozen blood was allowed to 
remain in contact with C0 2 ice for even a few seconds 
after freezing, massive hemolysis resulted upon thawing. 

Experiments on freezing of whole blood were resumed 
about a year ago. More than 150 specimens of blood 
have been frozen and thawed under varying conditions of 
temperature, heat dissipation (affecting the time of 
freezing), concentration of electrolytes, pH, concentra¬ 
tion of diffusible and nondiffusibie sugars (affecting the 
size of the erythrocytes), etc. In a series of a little over 
100 specimens of blood, freezing and thawing were ac¬ 
complished with a resulting hemolysis of less than 1% of 
the cells. Most of these specimens were collected in an 
acid citrate solution, with and without glucose. In these 
experiments the hematocrit was determined with the use 
of an air turbine (2) and the osmotic fragility by the 
method proposed by Parpart (tf). The concentration of 
hemoglobin in the supernatant plasma was measured by 
the method of Karr and Oho mock (I). 

It is of practical importance to note that even when 
freezing and thawing of red cells at -3*0 results in 

A Wlth the technical assistance of Miss Margaret M. Dolan 
and Miss Louise Colwell. 
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some hemolysis, the remaining red cells appenr to bo 

undamaged. 

Experiments have shown that regardless of the mode 
of freezing of blood, rapid thawing at +37°C in the 
water bath with agitation is the best method to avoid 
hemolysis. Results similar to those reported for whole 
citrated blood may be expected, and have been obtained, 
with red cells suspended in various media. Much better 
results have been obtained when red cells are frozen after 
rrenation produced by a hypertonic solution of sucrose, 
than when rod colls are swollen by the addition of a hypo¬ 
tonic solution of glucose. 

The preservation of blood in the frozen state is of 
particular interest for the obvious practical advantages 
which it offers. In nil, about 100 specimen* of blood 
have been satisfactorily preserved for varying periods of 
time up to 1 month. 

The importance of temperature control for proper pres 
urration of blood in the frozen stato is best emphasized 
by the following experiment: 500 ml of whole blood won- 
mixed with 75 ml of chilled anticoagulant solution. 1 ' 
lilood was maintained at room temperature for the first 
3 hr. It was then distributed in 10-ml aliquots in rubber 
ntoppered, thin-walled test tubes. A tube (#8) was 
placed in a rapidly circulating water-alcohol mixture 
cooled to -14° C. The blood in the tube was agitated 
and the thermometric readings were as follows: 

Time (min) Temperature (° C) 


+ 21 
+ 6 
+ 1 
± 0 
- 1 

- 2.4 

- 0.455 


0 

1 

2 

3 

4 

5 

6 


Initial freezing occurred at this point, and the tube was 
allowed to remain in the cooled bath for an additional 
14 sec. While the thermometer still registered about 
- 0.455° C, the tube of semifrozen blood was removed and 
placed at - 3° 0 in an air cabinet. Within a few minutes 
at this temperature the blood became completely solid, 
and was maintained solid at -3* O for 1 hr. 

Tube #3 was treated in a similar manner, but after 
initial freezing at about -0.5° C, the tube was main 
tained at -14* C for a little over 3 min; this tube then 
was also placed at - 3 * O and maintained in the solid 
state for 1 hr. 

A control tube (C) contained whole blood preserved in 
A.CJD. solution and maintained nt +4°C for about 4 
days. 

Results of hematocrit determinations, and of determina¬ 
tions of hemoglobin in the supernatant fluid, and of 
osmotic f ragility in hypotonic salt solution after thawing 
ate shown in the table and figure. 

The results may be summarised as follows: When 

* Ktandard A.C.D. 


whole citrated blood is frozen to a solid mass in a cooled 
circulation bath, removed as soon as freezing has started 


TABLE 1 

Humatocbit Reading and IlBUOOLoniN or Sufbbnatant 
Plasma or Whole Blood Frozen and Preserved fob 

1 HB AT - S # C IN THE FROZEN STATE 


Hematocrit 

rending*! 


Hemoglobin In 
supernatant 
plasma 


Control 86.01 3 mg % 

Tube #8* 86.84 0 mg % 

Tube #8t 30.40 240 mg % 


* Tube #8 was properly frozen and thawed, 
t Tube #8 wbb allowed to remain too long after initiation 
of freezing In the bath at - 14° C. The discrepancy between 
the hemoglobin In the supernatant plasma and the hewu- 
tocrlt reading 1b due to the fact that high centrifugal force, 
developed lu the nir turbine used for hematocrit determina¬ 
tions, breaks damaged red cells. This discrepancy is always 
an Indication of poor preservation of red cells. The hema¬ 
tocrit of damaged cells is generally difficult to determine and 
not too reliable. 

and placed at -3° C (f 0.5) for periods of several hours, 
minimal hemolysis and minimal changes in the hematocrit 
and osmotic resistance are noted comparable to that ob¬ 
tained with whole blood preserved in A,C.D. solution at 

HEMOLYSIS X 



M 27 .36 .41 .45" .SO 54 63 .90 


No Cl CONCENT HAT ION ms % 

Fig. 1. Fragility of frozen whole blood stored for 1 hr at 
3° C in the frozen state. 

+4* C for 4 days. When frozen blood is allowed to cool 
for even a very short period pf time at temperatures be¬ 
low -3* C, rapid and severe homolysis occurs. 

When whole citrated blood is placed in an air cabinet, 
cooled at -3* O and allowed to remain undisturbed, it will 
remain liquid for an indefinite period of time. This has 
allowed comparative study of blood preserved at - 3* 0 in 
the solid and in the liquid states. 
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The results obtained so far in the preservation of 
frozen and liquid blood at -3° C are sufficiently encour¬ 
aging to justify further studies, which are now under way. 
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A "Free Manometer” Method of Using the 
Standard Warburg Apparatus 1 

Avram Goldstein 

Department of Pharmacology , Harvard Medical School, 
Boston , and the Marine Biological Laboratory, 

Woods Hole t Massachusetts 

In the Warburg apparatus, as commonly employed, a 
gas reaction occurs within a closed system of constant 
volume. The temperature being held constant, pressure 
changes (read on the open manometer arm) are related 
by a linear function to the volume of gas evolved or 
taken up. This function is known as the w vessel con¬ 
stant’ J and depends upon gas-space volume, fluid volume, 
temperature, solubility of the reacting gas, atmospheric 
pressure, and manometer fluid density (I). 

It can bo shown that within the limits of accuracy 
generally accepted in the Warburg technique (±1%), a 
constant volume is not in fact required; that if both 
pressure and volume are permitted to vary, a linear func¬ 
tion (vessel constant) is still obtained; and that conse¬ 
quently the repeated leveling of manometer fluid, whereby 
a constant volume is maintained, can be eliminated. 

The free manometer technique presents the following 
unique features: automatic recording, by a time-con- 
trolled camera, becomes feasible; certain small errors in¬ 
herent in the process of leveling the manometer fluid 
are eliminated; readings can be made more rapidly, more 
frequently, and with greater ease, and arithmetical steps 
are greatly simplified; the capacity of the standard 
manometer is substantially increased, while its sensitivity 
is correspondingly reduced. A total gas change three to 
four times as great as by the constant volume method can 
be measured without resetting the manometer. This in¬ 
creased capacity has been found desirable in at least two 
applications: in measuring substrate oxidation by cells 
or tissues in the face of a high endogenous rate, and in 
studying the protracted time course of enzyme-substrate 
reactions. 

The fluid on the vessel side of the manometer is set 
initially to the manometer midpoint and subsequent read¬ 
ings are made on this same am of the manometer. The 
fluid adjustment is not touched again after the initial 
setting. A reciprocal and equal change occurs in the 
fluid levels of the two arms as a reaction proceeds, but 

1 The work reported In this paper was done during tenure 
Of a lAlor Fellowship and was also supported by a grant 
from the Abbott Laboratories, Kcrtb Chicago, Hltncl*. 


the fluid in the open arm is ignored. Thermobarometer 
corrections, provided they are not exceedingly large 
(< 5 mm), are made in the usual fashion, but the ther* 
mobarometer vessel must contain the same volume of 
fluid as the other vessels. 

If the vessel constants are determined empirically no 
special problems arise. If they are calculated from 
merctfry calibration of the gas space an additional factor 
M is requited. M is the linear volume of the manometer 
(cu mm/mm) and is obtained automatically if one fob 
Iowb the calibration method suggested by Burris (3, p. 
50), filling the. manometer first to a (point above, and 
then to a point below the midpoint mark. The full ves 
sel constant equation is:* 

r rp. + r > *ro. i r p.p.* 

L PoRT J LFP.+ V.STa. 

L_ + 2 ] 

• + rp„ + r,ST a. J 

It should be noted that the only variables requiring cali¬ 
bration are V and M. The observed change in level 
(mm) on one arm of the manometer multiplied by the 
vessel constant gives moles of gas reacting at NTP. 

The full equation must be used for CO a , but O f and 
other gaBes of low solubility can be determined with the 
following simplified vessel constant: 


2F + M (P 0 


■ + V* a. 


2 r + M(P 0 - Pw ) 
vp. 


where p w is the vapor pressure of wateT (mm manometer 
fluid) at temperature T. 

The method described here has been in use in this lab¬ 
oratory for some time, Replicate determinations of CO* 
and O a by free manometer and constant volume techniques 
under diverse conditions agree satisfactorily. It has 
proved convenient to calculate vessel constants by both 
methods and to use the free manometer technique rou¬ 
tinely, reserving the constant volume technique for those 
occasions when high sensitivity is desired. Full the¬ 
oretical and practical details of the method will be pub¬ 
lished elsewhere (£). 
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'• V « gns space (cu mm) 
it ■ manometer factor (cu tnm/mm) 

R-8.21 xl<PxF fl 
T« absolute temperature 

p*-initial partial pressure of reacting gas (mm manom¬ 
eter fluid) 

p B * Initial partial pressure of Inert gas (mm manometer 
fluid) 

- atmospheric pressure (mm manometer fluid) 

V f -fluid volume (cu mm) 

a *t " solubility coefficients of the gases (moles/cu mm nit 

, . T) '■ 
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A Method of Optically Recording 
Contractions and Electrocardiograms 
from Isolated Frog Hearts 

F. D. McCrea and Sydney Elli* 

The Department of Physiology and Pharmacology, 

Duka University School of Medicine, 

Durham , North Carolina 

Thin method was devised for recording simultaneously 
the muscular contractions and electrocardiograms from 
the isolated frog heart. The apparatus consists of a 
glass tube, 15-mm bore und 6-7 cm long, with two short 
side arms about 1 cm from the top and bottom, respec¬ 
tively, of the tube. The bottom is sealed by a rubber 
stopper through which projects a Bmall glass tube con¬ 
taining an electrode projecting into the tube and which 
is vertically adjustable within the tube. The lower side 
arm is connected by rubber tubing with a small leveling 
bulb, which is filled half-full with the control solution 
used for perfusion (e.g., Ringer’s or Clark’s). This 



bulb is convenient for adjusting the fluid level in the 
tube, which is filled about half-full with the solution. 

The heart is perfused by the method of Straub. The 
perfusion cannula bearing the frog heart passes through 
a rubber stopper of proper size to close the top of the 
tube. The hoart is then put in the tube, and the can¬ 
nula adjusted so that the heart is just immersed in the 
control solution. The tube thus becomes a modified 
eardiometer. The upper side arm is connected by a short 
piece of 2-mm bore rubber tubing bearing a T tube to 
equalize pressure, with a Wiggers (i) segment capsule. 
The capsule is covered by a moderately stretched condom 
diaphragm which carries the mirror. The second electro¬ 
cardiographic electrode consists of a German silver wire 
about 1$ gage which is passed down inside the perfusion 
cannula so that its tip Is just above the constriction of 
the cannula. The perfusing solution, and the control 
solution in which the heart is immersed, adequately serve 
as conductors. A diagram of the apparatus appears in 



Fw. 2. Kl^ctrorard Ingram and cHrdJoin^tor curves. / 
and P waves allow an small deflection*. A and V Indicate 
auricular and ventricular volume change*. 

nested with the segment capsule as above. No solution 
surrounds the heart in this case. This method was found 
to be inadequate to record feeble contractions. 

The cardiometer in our experience has proved to be 
adequate to record any visible contraction. It affords 
much greater flexibility, and the sensitivity of the re¬ 
cording apparatus may be easily and rapidly altered by 
varying the volume of air above the fluid. We have 



Fia. 8. Above-^Electrocardlo*ram. Below—ventricular 

myogram. 


Fig- 1. 

A variant of this procedure consists in attaching the 
tip of the ventricle by means of a clip and fine wire con¬ 
ductor to a email fiat tambour loosely covered by a con¬ 
dom diaphragm. The wire is attached to the center of 
the tambour diaphragm so that a very slight tension is 
maintained on the heart. One electrode is then con¬ 
nected with this wire. The tambour outlet is then con¬ 


found some 5 cm 1 of air in the tube a convenient volume 
to secure regularly an excursion of &-1G cm from normal 
frog hearts. 

Fig. 2 was obtained using the first method described. 
Fig. 3 was obtained by the second method. 

Reference 

1. WjOU&iMj, Cast, X JA.JMU, *915, 94, 1305, 
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Hydrolysis of Adenosine Triphosphate by 
Trichloracetic Acid 1 

Adolph Bernhard and Louia RoaenbUom 

Achelis Laboratories of the Lenox Hill Hospital, 

New York City 

In the determination of adenoaine triphosphatase ac¬ 
tivity, the usual procedure utilizes uddition of trichlor¬ 
acetic acid for precipitation of the protein and stopping 
of the enzyme action. The estimation of inorganic phos¬ 
phorus is then done on the filtrate. In determining de¬ 
phosphorylation of an adenoaine triphosphate substrate 
by human serum (£), we had occasion to leave the tri 
chloracetic acid filtrates overnight in the icebox. Subse¬ 
quent estimations of these same filtrates for inorganic 
phosphorus revealed values which were much higher than 
those previously obtained. Our interest in this casual 
observation led us to undertake an investigation of this 
phenomenon. 

Experimentally, a solution of sodium adenosine tri 
phosphate* in veronal-HCl buffer at pH 8.9, in a concen- 

TABLE 1 

Hronomnsis ov Na-ATP bt Trichlobachtic Acid 

Time in hr 

Control - 


Sample 

Preparation 


2 4 

Ug P/ml 

24 

1 

Nfl-ATP 1 mg*ln 1 ml of 
veronal-HCl buffer, pH 

8.9, room temperature 

4.1 

6.3 

8.1 

27.3 

2 

I>«., In Icebox 

4.1 

5.1 

5.8 

10.3 

3 

Nii-ATP 1 mg In 1 ml 

FLO, room temperature 

4.4 

5.3 

7.0 


4 

Do, 

2.4 

6,8 

8.4 



tration of 1 mg in 1 ml of buffer was used. Filtrates 
were prepared in the following manner: to each 2.5-ml 
portion of the buffered Na*ATP solution 0.5 ml of water 
(instead &f serum) and 5 ml of 8% trichloracetic acid 
was added, and the resulting solution was well mixed and 
then filtered. The inorganic phosphorus was determined 
on 4 ml of the filtrate by the method of Fiske and Sub- 
barow (I). Sufficient titrate was made to insure dupli¬ 
cate estimations of inorg&air phosphorus at the end erf 
the various time periods. The results are recorded in 
Table 1. 

In order to obviate the possible effect of the buffer 
solution employed, an aqueous solution of Na-ATP in the 
same concentration was prepared and treated in the same 
manner as described above. The$e results are also shown 
in Table 1. 

It is evident that there is a definite increase in in¬ 
organic phosphorus when adenoaine triphosphate in tri- 

1 Aided by a grant from the Frederick Kolb Fund. 

1 The tetra sod lam salt of adenosine triphosphate * &BjO 
was obtained from Rohm ft Haas, Philadelphia, Pennsylvania. 


chloracetic acid is allowed to stand at either room or ice- 
box temperature. No such change takes place when solu¬ 
tions of adenoaine triphosphate without addition of tri¬ 
chloracetic add are allowed to remain for the same 
periods of time. Trichloracetic acid filtrates prepared 
from serum alone do not hydrolyse under similar con¬ 
ditions of time and temperature. 

Jesuits indicate that spontaneous hydrolysis of 
adenosine triphosphate by trichloracetic acid does occur. 
It is essential that determinations of inorganic phos¬ 
phorus be made under identical conditions in order to" 
avoid errors duo to such hydrolysis. I 

Reference* 

1. Fiske, C. H. and Subbabow, Y. J. fttol. Chetn. f 1023. 06, 

375. 

2. MareTER, A. J. clin . Invent., 1948, R7, 203 

Differentiation of Aragonite from Calcite 
by Differential Thermal Analysis 

George T. Faust 

U . S. Geological Survey, Washington, D. C. 1 

I have been making differential thermal analysis studies 
of carbonate minerals since 1942. Some results of the 
application of these studies to problems in petrography 
and mineralogy have been published (£, 4). The de¬ 
tailed thermal analysis studies on these minerals are now 
being prepared for publication. In view of the current 
interest in differential thermal analysis studies, it seems 
desirable to put on record an observation, made several 
years ago, on the identification of aragonite by this 
method. 

The differential thermal analysis apparatus used in 
these studies is almost identical with the one designed 
by Hendricks, Alexander, and Nelson (1, &), and with 
a sensitivity dependent on resistance in series with the 
galvanometer of 999.9 ohms. 



Fro. 3. (a) Calotte from Joplin, Missouri, (b) Aragonite 

from Chile. 


# Typical curves for aragonite and calcite are given in 
Fig. 1. The short diagonal lines are portions of the curve 
used to determine the temperature of the thermal re* 
actions recorded (£). The principal curve shows the 
course of the thermal reactions. 

The calcite sample, illustrated in Fig. 1A, is from 
Joplin, Missouri, and is part of the tube sample analysed 
by B. C. Wells (6). The curve shows one large peak 
representing the dissociation of calcium carbonate into 

1 Published by permission <tf the Director, U, S. Geological 
Survey. Washington. D. C, 
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calcium oxide and carbon dioxide. The peak temperature 
for this sample is 972° C. The aragonite (U.B.N.M.- 
R2554) is from Chile, exact locality unknown, and its 
thermal curve is shown in Fig. IB. This curve shows a 
small peak at 447° C which represents the dimorphic 
transformation of aragonite to calcite. This transforma¬ 
tion of a me testable material is irreversible, and honce 
does not take place at a reproducible temperature. Sub¬ 
sequently, the calcite, paramorphous after aragonite, un¬ 
dergoes decomposition at 897° C. The temperature of 
the dissociation of calcite is not a definite temperature in 
a nonequilibrium process. The presence of the low tem¬ 
perature peak, in this sample of aragonite at 447° C, rep¬ 


rosen ting the transformation of aragonite to calcite, 
servos to differentiate these two minerals. However, 
this peak requires a sensitive, continuous recording ap¬ 
paratus and can easily be overlooked. 

References 

1. Alexander, L. T m Hendricks, S. B„ and Nelson, R. a 

Soil 8ci„ 1030, 48, 278, Part II. 

2. Faust, G. T. Boon. Gcol., 1944, 39, 142. 

3. -. Amer. itinera loffOtf, 1948, 33, 837. 

4. Faust, G. T. and Callaghan, K. Geol. Soc. Atner. Bull.. 

1948, 59, U. 

5. Hendricks, S. B. and Alexander, h. T. Boil Sci., 1939, 

48, 257, Part I. 

6. Wells, R. C. J. Wash. Acad. 8ci. 3 1915, 5, 618. 


Comments and Communications 


The Preparation of Graphs for Publication 

In the preparation of graphs of many sorts, it is ex¬ 
ceedingly convenient to use graph paper. Graphs so pre¬ 
pared are satisfactory for study but not for publication, 
because of the background of fine lines. If blue-lined 
paper has been used, these lines can be eliminated by pho¬ 
tography; but this requires some experience and skill 
and, for some of us, is apt to mean more than one at¬ 
tempt. Moreover, blue-lined paper is not always avail¬ 
able. 

Recently I noticed that the lines on graph paper show 
through the paper well enough for the fixing of points on 
the back. The graph paper is placed upside down on a 
white surface, and the portion of the Blieet to be used is 
outlined and certain reference points are indicated before 
the data points are marked. The finished graph, in ink 
on the plain white back of the paper, may be submitted 
directly or conveniently photographed. 

This method may be helpful to many investigators 
where professional draftsmen are not available. 

James S. Outsell 

V . 8 . Department of the interior, 

Fish and Wildlife Service 
Kearney8vtile> West Virginia 

CJse of Omental Spread in Biological and 
Pathological Studies 

The advantages of using the omentum of a small ani¬ 
mal for making spread preparations instead of attempting 
to section the tissue have been pointed out by Cross (3ok 
anos, 1949, 109, 314). However, the technique described, 
of first taking up the desired portion of omentum on a 
bit of cigarette paper and then transferring it to a slide, 
is needlessly complicated, Instead, a piece of omentum 
be removed and placed directly on a slide (Woodruff, 
0.15. Amer. J. Path., 1934,10, 730). Then, making use 
of the property of this thin membrane of fixing itself 


to glass, one corner of the omentum may be teased out 
and allowed to dry on the slide. From this anchoring 
corner the balance of the membrane may be teased out 
to form a thin layer most of which will be only one cell 
thick. Certain stains such as the Ziehl-Neelson may be 
used on the omontal spread without further fixation. 
Other stains may require the use of formalin or some 
other fixative prior to staining. The stained preparation 
is readily mounted in balsam and affords a three-dimen¬ 
sional picture of developing disease processes which one 
cannot obtain by the use of conventional histological 
sections. 

Very satisfactory omental spreads may be obtained 
from mice and guinea pigs. The omenta of rabbits and 
dogs are of less value for this purpose, since the tissue 
fails to become fixed to the slide in a satisfactory manner. 

C. Eugene Woodruff 

William E. Maybury Sanatorium , 

Northville , Michigan 

Calibration of Warburg Manometers 

The paper by Loomis (Science, 1949, 109, 401) con¬ 
cerning the calibration of Warburg manometers omits 
mention of the convenient method of Schales (Arch. Bio- 
ohem.f 1944, 3, 475), which also involves the principle 
of filling the manometers from below by means of s 
mercury reservoir. Schales' method possesses the further 
advantage of not requiring any spatial manipulation of 
the manometers in order to adjust the level of the 
mercury. 

The disadvantage of Schales* method, in our experi¬ 
ence, has been the difficulty of placing just the right 
amount of mercury in the flask in order that the fluid 
will rise to the point of junction of the side arm and 
the manometer when the flask is slipped on the ground 
joint. We have avoided this difficulty by placing * 
minimum amount of mercury in the flask (usually to the 
lower edge of the ground surface), and adding further 
amounts through the gas outlet tube with a capillary 
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pipette after the flask is attached to the manometer. 
The gas outlet tube is closed to the flask as it is filled 
with mercury j a small pressure bulb is attached to the 
tube, and it is rotated so as to be open to the flask. The 
mercury is gently blown into the flask, thus filling the 
side artn. This operation is repeated as often as neces¬ 
sary and takes only a few seconds. 

This refinement of Schales' procedure eliminates the 
necessity for spilling even a drop of mercury. 

R. E. Maxwell 

Iowa State College and Iowa Agricultural 
Experiment Station , Amen, Iowa 

Correction 

Referring to my paper 1 i Microcryetallographic Data on 
8odium-D-Glutamate (Monosodium Glutamate) M , Science, 
1949, 110, 304, Dr. B. F. Buchanan, International Min¬ 
erals & Chemical Corporation, Chicago, informs me that 
the monosodium glutamate upon which this study was 
made is the L-form and should be designated as Bodium- 
L-glutamate, being the monohydrate with the following 
empirical formula: C s H R 0 4 NNa ■ 11*0. 

George L. Keenan 

Strongsville, Ohio 

Oral Stress and Meaning in Printed Material 

In experiments conducted by the writers, evidence has 
been secured indicating that the ability of the subject to 
understand a prose passage may be given in quantitative 
terms by noting which words the subject stresses as im¬ 
portant when ho reads the passage aloud. 

This apparently novel observation, so far as measure¬ 
ment is concerned, reinforces a belief which many teach¬ 
ers of reading hold, that certain assets have been sacri¬ 
ficed in the current emphasis on silent reading as con¬ 
trasted with the older oral reading methods. Our con¬ 
clusion was developed in relation to experiments on the 
electrical recording of eye movements during long-con¬ 
tinued reading of prose set in type forms arranged to 
emphasize certain ideas. 

In the printed material so far studied, words which 
should be stressed are defined as those words which the 
author or competent judges stress when they read the 
material aloud. It has been discovered that readers who 
stress words which the author indicates should be stressed 
obtain significantly superior scores when given a written 
comprehension test on the same reading material. The 
association between a subject’s ability to differentiate 
between delicate levels of stress and his comprehension 
of the material read is marked. Correlation coefficients 
ranging from 0.45 to 0.65 have been consistently found 
in several hundred high school and college subjects so far 
studied. 

It is not necessary for subjects to read aloud to demon¬ 
strate the association between stress and meaning. It is 
enough that subjects be instructed to mark those words 
that they would stress were they reading the material 


in question aloud. The determination of which words the 
subject would stress can be made conveniently by pre- * 
seating the subject with a multiple-choice test. 

That the manner in which a passage is read is corre¬ 
lated substantially with understanding of the passage has 
implications with respect to methods of teaching reading 
ut the primary grade levels. This finding suggests that 
moy emphasis on oral reading than has recently been 
recommended may be appropriate. 

This relationship between oral stress and meaning is 
important in considering the possibility of improving the* 
efficiency of print as a transmission system. Attempts 
have been made down through the years to introduce bold¬ 
faced typo or italics and to spread out letters as meanB 
of indicating stress. Aesthetic and other arguments have 
been used by those who oppose the use of such varied 
type. It is clear, however, that vocal stress supplies the 
listener with information over and above the information 
which he would receive if speech were conducted exclu¬ 
sively in monotones and at an unchanging rate. It ap¬ 
pears a matter for regret that this added oral meaning 
has not yet been introduced into print in a form which is 
acceptable. The results of the present experiment sug¬ 
gest that the opposition to the use of varied type has less 
weight now that there is available a working principle 
such as Is here presented for indicating consistently which 
words or phrases should be stressed. 

Our study so far indicates that when a reader wishes to 
glean the last bit of meaning from a written document 
he prefers stress indications in the printed matter if he 
is offered a choice between stressed material and the 
conventional unstressed material. As an illustration, a 
group of students who were to be examined in part upon 
the lectures previously given by a college instructor were 
offered a choice between a set of notes in standard type 
or a set of notes arranged so that the print showed the 
actual voeal stresses which the instructor employed when 
delivering the lectures. A majority of students preferred 
the notes printed so as to indicate oral stress. There are 
other situations where exact understanding is of such 
critical importance that readers prefer stresses to be 
shown in the printed documents. Some military orders 
and directives, for example, fall in this category. 

The discovery of the relatively high correlation between 
the ability to understand and the ability to indicate 
stressed words, as outlined in this note, is being used in 
further experiments by the authors on changing the read¬ 
ability of prose. It is anticipated that this less ambigu¬ 
ous system for the transmission of meaning in print will 
result in decreasing significantly the number and duration 
-of fixation pauses and movements of the eye which are 
ordinarily required in reading. These experiments are 
being conducted with due consideration for the aesthet¬ 
ics of the printed page and for modern typographic 
conventions. 

W. F, Dearborn, P, W. Johnrtom, 
and L. Carmichael 

Tufts College, 

A ledford, Massachusetts 
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Book Reviews 


$olid analytic geometry, Adrian Albert, New York: 

McGraw-Hill, 1949. Pp. ix + 162, $3.00. 

The first five chapters of this textbook present the 
asual material on lines, planes, spheres, and the other 
quadric surfaces, concluding with an invariantive classi¬ 
fication of quadrics. The concepts and terminology of 
vector algebra are introduced immediately and are used 
effectively throughout. The sixth chapter is devoted to 
the theory of matrices, which in the seventh chaper is 
applied to rotations in space and to the principal axis 
transformation, The last two chapters arc considered by 
the author to be supplementary to a basic course. Chap¬ 
ter 8 is on spherical coordinates and gnomonic charts, 
useful material which is frequently neglected. Chapter 9 
ib an introduction to analytic projective geometry in the 
plane and in space, carried far enough to include a proof 
by means of matrices of the invariance of the cross ratio. 

The treatment throughout is designed to tie analytic 
geometry to the modern theory of vectors and matrices, 
and the methods employed are for the most part those 
which can be generalized directly to the Euclidean geom¬ 
etry of n dimensions. The book contains much excellent 
material illustrating the applications of the theory of 
vectors and matrices to solid Euclidean geometry and 
many short and elegant proofs are developed in this tech¬ 
nique. The only criticism which occurs to the reviewer 
is that the viewpoint is predominantly algebraic rather 
than geometric, and that there is a minimum of emphasis 
on developing the student's space intuitions. 

C. C. MacDuffee 

VDiversity of Wisconsin 


Lebrbucb der Embryologies Walter Brandt. Basle, Switz¬ 
erland: 8. Karger, 1949. Pp. xii + 04S. (Illustrated.) 

56 Swiss francs. 

This is a textbook of human embryology for medical 
students. In general, it follows the standard pattern: a 
rather extensive chapter on general embryology is fol¬ 
lowed by chapters on organogenesis. The text is written 
clearly and concisely, and the important chapters on hu¬ 
man placentation, fetal circulation, and hormonal control 
of the sexual cycles, in whieh fields much recent work h&B 
been done, are up to date. The illustrations, partly in 
color, are adequate for the most part but do not do 
justice to the chapters on the nervous system and the 
sense organs. For instance, illustrations of the histogene¬ 
sis of the central nervous system and of the structural 
differentiation of the eye and ear and their auxiliary 
structures are entirely missing. Moreover, illustrations 
of such important processes as fertilisation and gameto- 
genesls (which latter is represented by a poor diagram) 
would have been desirable. 


An innovation of the book is the inclusion of a con¬ 
siderable amount of experimental embryological material. 
This reviewer is wholeheartedly in favor of a more ana¬ 
lytical and dynamic approach to embryology than is of¬ 
fered by most texts. It is, therefore, regrettable that 
these parts do not live up to expectation. The promise 
of the author, in the foreword, to incorporate the newest 
results in developmental physiology is not kept in the 
text which, apart from very few exceptions, considers the 
literature only up to 1934. As a result, the presentation 
of the subject and the viewpoints are outdated and inade¬ 
quate in many respeets. For instance, our conceptions of 
embryonic induction and of axis determination in limb 
primordia have undergone considerable changes in the 
last fifteen years. The old ghoBts of mosaic- and regula¬ 
tion-eggs are revived, and the descriptions of gastrula- 
tion in Ampinbia and in higher forms, and of the funda¬ 
mental processes of the segregation of organ primordia 
from the germ layers, are incorrect. In the part on or¬ 
ganogenesis, the experimental data on the determination 
of an organ are presented in advance of the description 
of its embryonic development; the didactic wisdom of 
this procedure is questionable. A serious shortcoming of 
the book is the lack of a bibliography, in spite of numer¬ 
ous bibliographic references in the text. It is of great 
importance that the attention of the premedical and 
medical students be directed to sources. 

Viktor Hamburgeh 

Washington University 

Die Optik in der feinmestteebnik, (Optics in precision 

measurements practice.) Kurt R&ntsch. Munich, Ger¬ 
many: Carl Hanser, 1949* Pp. 317. (Illustrated.) 

Cardboard: 27 DM; clothbound: 30 DM. 

Here is a valuable contribution to that division of 
optical engineering which deals with the use of optical 
instruments for precision measurements. The first third 
of the book treats in a very thorough manner those prin¬ 
ciples of geometrical and physical optics which are neces¬ 
sary to provide a background for the intelligent use of 
precision optical measuring equipment. The paraxial 
imaging properties of lenses and mirrors are developed 
systematically. Considerable attention is devoted to 
apertures and pupils, and to the transmission of flux 
through a system. The short section on physical optics 
covers pertinent topics such as interference and diffrac¬ 
tion, resolving power, and light losses by reflection. Pos¬ 
sibly some readers would have welcomed a brief mention 
of polarized light, and of optical interference films for 
a&tireflection and beam-dividing purposes. There is a 
convenient eight-page collection of all mathematical 
formulas at the end of the book for quick reference. 

The remaining two-thirds of the book takes up optical 
instruments, ft is replete with good photographs of an 
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astonish mg variety of products of the firms of Ernst 
Letts and Carl Zeiss. The author, who is a member of 
the Zeiss organization, explains that this limitation to 
German manufacturers was necessary under present con* 
ditions in order not to delay publication. It is to be 
hoped that his intention to add instruments of other 
origin in future editions will materialize. The pictorial 
representation of the subject matter has been carried out 
so carefully and completely that it should serve to com¬ 
pensate the language difficulties which some may have, 
the book being, of course, in German, Measuring micro¬ 
scopes, collimators, contour projectors, comparators, gage 
block interferometers, and apparently all such instru¬ 
ments as would be expected in a text of this kind have 
found their place. One wonders if industry really makes 
full use of the potentialities of all this equipment. 
Finally there is a noteworthy section on surface profile 
determinations, With comparative photographic documen¬ 
tation of results using the profile microscope, the 
quenched total reflection microscope, and the interference 
microscope. 

The book will serve the student us a reference or even 
as a text, and it will provide the instrument maker or 
process engineer with a guide to the solution of many 
problems in precision measurements. 

A, F. Turner 

Bausch Lomb Optical Company 

Trmc 4 elements in food. G. W. Monier-Williams, New 

York: John Wiley, 1949, Pp. viii + 511. $6.00. 

The title Trace elements has a variety of connotations 
for different groups. The nutritionist has in mind pri¬ 
marily iron, iodine, copper, manganese, cobalt 4 and zinc. 
Agriculturists add boron to this group and dentists add 
fluorine. The toxicologist, while not unmindful of a pos¬ 
sible excess of some of the elements named, centers his 
main interest on the remaining ones. But the health 
officer and the food chemist must deal with the gamut 
of elements, since all are encountered in foods, in more 
or less quantUy, sometime or other. 

Monier-Williams * Trace elements in foods is written 
primarily from the standpoint of the food chemist. 
There are 28 chapters, each dealing with a single element 
except for the last few chapters, which cover several 
closely related elements. The book is primarily an ab¬ 
stract of the papers to which it refers—about 1,600 in 
all. In the case of each element half of the discussion 
deals with the source and amounts in foods, nature or 
condition of occurrence, function if any, nutritional re¬ 
quirement, availability, assimliability, tolerance, toxicity, 
retention, excretion etc. The other half of the discussion 
is devoted to methods of analysis. Its thoroughness in 
this field should make it a useful book for every food 
chemist, 

The author discusses briefly the philosophy of regula¬ 


tory measures. He states; *‘ Agreement [between what is* 
clearly toxic and what is undoubtedly harmless] is not 
likely to be reached without far more complete knowl¬ 
edge of human physiology than we possess at present. 
Meanwhile, any preference must be on the side of the 
consumer. M But he weakens that statement by another. 
M It can be urged that where exhaustive animal expert- 
ment%have shown no sign of injury of any kind, there is 
no reason to fear any adverse effect on man and no justi¬ 
fication for imposing limits and prohibitions which may 
harass traders and impede progress without conferring 
any apparent benefit on the consumer. M The different 
reactions of different species and the ^various suscepti¬ 
bilities of individuals, particularly invalids, within h 
species justify greater caution than this implies. The 
4 ‘harassing of traders and impeding of progress ” have 
often been overemphasized. One can cite the former wide 
use of sodium benzoate in ketchup. Now it is outlawed 
by the federal definition and standard that industry itself 
largely formulated. Preservatives in milk, a most perish¬ 
able food, were outlawed when knowledge was very lim¬ 
ited as to what could be accomplished by a combination 
of pasteurization and refrigeration, and facilities for ap¬ 
plying them were even more limited. This prohibition 
was a challenge to the dairy industry. Today the distri¬ 
bution of milk is on a very high level indeed. Abolition 
of the use of the violently reactive chemicals now being 
used in the flour and bread industries might be expected 
to have an equally salutary effect. 

At least part of the medical profession was confident 
that lithium chloride could be used as a seasoning agent 
to supplant sodium chloride for patients requiring a low 
sodium intake. Not a single voice was raised against it 
until a few deaths were reported. Lithium at one time 
was regarded as an important ingredient of certain so 
called health waters. Incidentally, Monier-Williams ’ dis¬ 
cussion of lithium is very brief. The episode mentioned 
occurred too recently for him to have included it. 

Some other omissions are less easily excused. The 
author states that a tree may be fed manganese through 
a hole bored in the trunk. He fails to point out the more 
and more common practice of feeding plants through 
their leaves. Important commercial applications of the 
technique are spraying pineapples with iron and citrus 
trees with manganese, copper, and zinc. 

Through an error, the author states that normally 1$ 
to 1J lb of tin is used to coat a base box of steel in 
making tinplate. In this country 8 percent of hot-dipped 
plate contains 1$ lb and 07 percent contains only 1.25 lb. 
Tbe ability of the canning industry thus to spread the 
limited supply of tin during the war is what made it 
possible to keep up the supplies of food to both civilians 
and the military forces. 

* E. F. Kohwan 

Campbell Soup Company 
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NEWS 
and Notes 

H. C. Dudley, head of the Bio¬ 
chemistry Division of the Naval 
Medical Research Institute, Betbesda, 
Maryland, has been appointed head 
of the newly organized Allied Medi¬ 
cal Sciences Section, Medical Service 
Corps of the Navy. 

U. 8. scientists who have been 
invited by the Paris Centre National 
de la Recherche Scientifique to at¬ 
tend the colloquium on astronomical 
constants to be held in Paris, March 
27-April 1 , 19100, are G. M. Clem- 
ence, u. 8. Navy Observatory, Wash¬ 
ington 25, D. C.,^ind Dirk Brouwer, 
of the Yale University Observatory. 

William McDowell Mammon, as¬ 
sistant director of the Hooper Foun¬ 
dation, University of California, has 
been appointed professor and head 
of the Department of Epidemiology 
at the Graduate School of Public 
Health, University of Pittsburgh. 
In this position Dr. Harnmon will 
also be responsible for the instruc¬ 
tional and research interests of the 
school in the field of microbiology. 
His appointment is effective Febru¬ 
ary 1, 1950. 

William E. Mahin, director of 
research at Armour Research Foun¬ 
dation of Illinois Institute of Tech- 
nology, has been appointed a member 
of the National Research Council for 
a three-year period ending June 30, 
1952. Dr, Mahin will represent the 
American Society for Metals. 

D. A. Fraser, lecturer in botany, 
University of Alberta, has been ap¬ 
pointed forest ecologist, Forest In¬ 
sect Laboratory, Dominion Depart¬ 
ment of Agriculture, Sault Ste. 
Marie, Ontario. 

Eric Ogden, formerly of the Uni¬ 
versity of Texas, Medical Branch, 
Galveston, has been appointed profes¬ 
sor and chairman of the Department 
of Physiology at the College of Medi¬ 
cine, Ohio State University. 


The Atomic Energy Commission 
has appointed two new branch chiefs 
to its Washington headquarters staff. 
They are Walter D. Claus, former 
head of the Physical-Chemical Divi¬ 
sion of the Pabst Research Labora¬ 
tories, Milwaukee, as chief of the 
Biophysics Branch, Division of Biol¬ 
ogy and Medicine, and Joseph B. 
Platt, former associate professor of 
physics, University of Rochester, as 
chief of the Physics Branch, Division 
of Research. Dr. Claus replaces 
Lauriston S. Taylor, who has been 
on loan from the National Bureau 
of Standards. Dr. Taylor will re¬ 
turn to the position of chief of the 
X ray Section and will act as con¬ 
sultant to the AEC on radiation mat¬ 
te rs. 

Helen Wu, visiting scholar, Col¬ 
lege of Physicians and Surgeons, Co¬ 
lumbia University, has accepted a 
position as viBiting professor of bio¬ 
chemistry at the Medical College of 
Alabama, Birmingham. Dr. Wu was 
professor of biochemistry at Peiping 
Medical College from 1928 to 1941, 
and, in 1944, director of the Nutri¬ 
tion Institute, Ministry of Health, 
China. 

Paul E. Clark, physical chemist 
and former head of the Department 
of Chemistry at Washington and 
Jefferson College, Washington, Penn¬ 
sylvania, has accepted a position as 
technical reports writer at the Ap¬ 
plied Physics Laboratory of Johns 
Hopkins University, Silver Spring, 
Maryland. 

Visitors to U. S. 

Recent visitors at the Plant Indus¬ 
try Station at Beltsville, Maryland 
were Sir William O. Ogg, director 
of the Rothamsted Experimental Sta¬ 
tion in England, and Q. H. Edelman, 
director of the Soil Survey in Hol¬ 
land and president of the Inter¬ 
national Congress of Soil Science, 

Recent visitors at the Department 
of Agriculture were Gregorio Ho* 
senberg M., head of horticultural re¬ 
search, Ministry of Agriculture, San¬ 
tiago, Chile; Rent L. Ambrolse, 
chief of the Soil Conservation Serv¬ 
ice, Haitian Department of Agricul¬ 
ture; and JuUo Pena, professor of 


chemistry, Central University of 
Quito, Ecuador. 

Visitors at the National Bureau of 
Standards September 19-30 in¬ 
cluded: J, F. Allen, professor of 
physics, St. Andrew’s College, Scot 
land; K. R. Atkins, physicist, Cam¬ 
bridge University, England; Axel 
Bernstein, metallurgist, the Sandvik 
Steel Works, Sandviken, Sweden; A. 
Fogg, director, Motor Industry Re¬ 
search Association, Brentford, Eng¬ 
land; W. D. Forrester, field engi¬ 
neer, Canadian Geodetic Survey, Ot¬ 
tawa; Felix A. Galavis S., chief of 
the Geological Laboratory, Minis- 
teriode Fomento, Caracas, Venez¬ 
uela; Sir Charles Goodeve, director, 
British Iron and Steel Research So¬ 
ciety, London; A. Goodewaagon, 
chemical engineer, Donda, Nether¬ 
lands; H. O. Hartley, lecturer in 
statistics, University of London, Lon¬ 
don; Francis M. Henderson, senior 
design engineer, Dominion Physical 
Laboratory, Department of Scientific 
and Industrial Research, Wellington, 
New Zealand; P.LainC, physicist at 
the Bellevue Laboratory, Franco; J. 
M. Los, physicist, National Research 
Council of Canada; M. Meissner, 
professor of physics, Technical Insti¬ 
tute, Munich; F. E. Simon, K. Men¬ 
delssohn, and A, H. Cook, profes¬ 
sors of physics at the University of 
Oxford, England; D. S. Montgom¬ 
ery, Canadian Bureau of Mines, Ot¬ 
tawa, Canada; J. Singer, director, 
Central Organization for Applied 
Scientific Research for the Nether¬ 
lands, the Hague; Hilding Slatis. 
professor, Nobel Institute for Phys¬ 
ics, Stockholm; R. A. Smith, physi¬ 
cist with the British Ministry of Sup¬ 
ply, London; Serge Sttub, sugar 
technologist. Department of Agri¬ 
culture, Great Britain, Reduit, Mauri- 
tus Island; and F. W. Wood, In 
charge of Watheroo Ionospheric Ob¬ 
servatory, Department of Mineral 
Resources, Melbourne, Australia. 

Ryokichi Sagane, professor of 
physics at Tokyo Imperial Univer¬ 
sity, will spend six months as visiting 
professor at the Institute for Atomic 
Research) Iowa State College, begin¬ 
ning January 1. Dr. Sagane will de¬ 
liver a series of lectures and eonfer 
with staff members associated with 
the synchrotron. 
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Grants and Awards 

The Federal Security Agency has 
announced the distribution of $3,250,- 
GOO among nine teaching institutions 
to assist in construction of cancer 
research laboratories. Recipients are: 
University of Minnesota, $200,000 
for two floors of clinical research at 
the Mayo Memorial Medical Center; 
University of Chicago, $240,000 to 
aid construction of the seven-story 
Goldblatt Memorial Hospital for 
Caneer Research; New England Dea¬ 
coness Hospital, Boston, $86,000 for 
two floors adjoining the New Eng¬ 
land Deaconess Cancer Institute; 
University of kansas, $200,000 for 
one wing of a two-story building for 
laboratory and clinical research at 
the University Medical Center; Johns 
Hopkins University, Baltimore, 
$760,000 to aid construction of can¬ 
cer research facilities; 8t. Louis Uni¬ 
versity, $626,000 for a new clinical 
research building at the University 
Medical School ; University of Cali- 
fomia, Los Angeles, $700,000 for a 
wing of the medical school; Univer¬ 
sity of Pennsylvania, $200,000 for a 
one-half-floor laboratory; and Me¬ 
morial Hospital for Cancer and Al¬ 
lied Diseases, New York, $250,000, 
for an additional floor for an experi¬ 
mental surgical laboratory. 

The John Frit* medal for 194$, 

for “scientific or industrial achieve¬ 
ment^ ’ has been presented by the 
Engineering Societies to Walter Hull 
Aldridge, president of the Texas Gulf 
Sulphur Company. Mr. Aldridge was 
cited for his contribution to the 
mineral production of the U, S. and 
Canada, The societies have also an¬ 
nounced that the 1950 Daniel Gug¬ 
genheim Medal for achievement in 
aeronautics will be given to Edward 
P. Warner, president of the Interim 
Council of Provisional International 
Civil Aviation Organisation. 

Carnegie Institute of Technology 
has awarded $1,000 graduate fellow¬ 
ships in engineering to Ren6 Saul M., 
Mexican electrical engineer formerly 
associated with RCA Victor Mexi¬ 
cans, and Edilberto Vega P., Peru¬ 
vian civil engineer who has worked 
with the Department of Public Works 
and the Division of Sanitary Projects 
to Lima, The fellowships are granted 


annually to Latin Americans in the 
interest of intercontinental unity. 

The National Institutes of Health 
have awarded to John C. Krantz, 
Jr., professor of pharmacology, 
School of Medicine, University of 
Maryland, a grant of $6,500 for 
study of the mechanism^f the action 
of drugs on the cardiovasctflhr sys¬ 
tem. 

Grants totaling $8,614,737, to be 
administered by the National Heart 
Institute of the Public Health 
Service, have been awarded 85 medi¬ 
cal schools and research institutions 
in 34 states and the District of Co¬ 
lumbia. The funds will be used for 
heart research, expanded programs 
of heart teaching in medical schools, 
and for building additional heart re¬ 
search laboratories throughout the 
country. The grants are in addition 
to those awarded in July (amount¬ 
ing to $1,200,000 for continuing re¬ 
search projects already under way) 
and provide a total of nearly ten 
million dollars in federal funds ap¬ 
propriated during the fiscal year end¬ 
ing June 30, 1950 to combat heart 
disease. The categories of the grants 
are: $2,053,310 for 189 research in¬ 
vestigations in 66 nonfederal insti¬ 
tutions in 28 states and the District 
of Columbia; $671,032 fox improv¬ 
ing and expanding cardiovascular 
teaching in 46 medical schools in 28 
states and the District; and $5,890,- 
395 for providing research laboratory 
facilities for study of heart diseases 
in 22 nonfederal institutions. 

The Atomic Energy Commission 
Division of Biology and Medicine 
has approved 18 research proposals 
in biology and medicine during the 
past three months. The institutions 
and their research projects are: Mas¬ 
sachusetts General Hospital— Wil¬ 
liam M. Sweet and Bertram Belver- 
stone, for the use of phosphorus-3 2 in 
the precise localisation of brain tu¬ 
mors; University o£ Oregon Medical 
School— Edward E. West, for a study 
of labeled acetic acid and ethanol in 
relation to fat metabolism; Univer¬ 
sity of Tennessee—-2. F. Williams, 
tor research in pathology, physiology, 
and chemistry; PrCsbyterian Hospi¬ 
tal of the City of Chicago—R, 
Gordon Gould, for study of the 
mechanist* of OQ» fixation; Pete* 
Bent Brigham. HospStal—Franoi# D, 


Moore, tor study of intracellular 
changes in trauma depletion and re¬ 
pair, and biochemical studies in the 
human being with the aid of iso¬ 
topes ; University of Denver— Frank 
M. D*Amour, tor study of the phys¬ 
iologic and pathologic effects of ra¬ 
dioactive cobalt; Harvard University 
—Thomas H. Ham and William B . 
Castle , for study of the destruction 
of red blood cells; Harvard Univer¬ 
sity— 8. P. Hickij, for study of the 
effects of radiation upon the develop¬ 
ment of rat embryos; Syracuse Uni 
veraity—F. L. Losne r, for study of 
the defenses against hemorrhages; 
Washington University, 8t, Louis— 
Frank Dixon, for investigation of the 
effects of agents used in the treat¬ 
ment of cancer, and study of x rays 
and nitrogen mustards on the im¬ 
munologic response of experimental 
animals; University of Illinois— A . 
C. Ivy, for irradiation of gastric 
mucosa by Introgasfrric instillation of 
radioactive isotopes; Iowa State Col¬ 
lege—5. Aranoff, for study of the 
metabolism and physiology of roots, 
and R. E. Sealock, for study of com¬ 
bined biochemical and physiological 
actions of throsin© and vitamin B„; 
Agricultural and Mechanical College 
of Texas— Raymond Reiser and Ken¬ 
neth Kuiken, tor study of the metab¬ 
olism of glycerines; University of 
Pennsylvania— D. Wright Wilson, 
for study of the synthesis of isotopic 
carbon compounds used in biochemis¬ 
try; University of Chicago— E. M. 
K. Ceiling, for the study of biosyn¬ 
thesis of radioactive drug com¬ 
pounds ; University of Wisconsin Ex¬ 
periment Station—B. W. Burris and 
P, W» Wilson, for studies of biologi¬ 
cal nitrogen fixation with isotopic 
tracers, and study of the metabolism 
of organic adds in higher plants and 
microorganisms; University of Wash- 
ington— F. W. Church and Raymond 
Allen y for meteorological studies; 
Robert G. Fleagle, tor meteorologies 
studies. 

Negotiations leading to the award 
of contracts covering the newly ap¬ 
proved research projects are now un¬ 
der way and contracts will be 
awarded by the ABC operations Of- 
fice nearest the institution conducting 
the research. 

’The ow&rd of contract* to the insti¬ 
tutions involved trill bring to a total 
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at 150 the number at ABC-supported 
research projects being carried on in 
medicine, biology, cancer studies, and 
biophysics at universities, hospitals, 
and research centers. Approximately 
five million dollars has been allo¬ 
cated by the AEC for support of such 
research in nongovernment agencies 
during the fiscal year 1950. 

Meetings and Elections 

A series of 12 weekly lectures on 
the Psychology of Emotional 
Growth began on October 11 at 
Cooper Union in Now York City, 
The series is open to the public with¬ 
out charge or seat reservations. 

The National Academy of Sci¬ 
ences will hold its autumn meeting 
at the University of Rochester, New 
Yotft, October 24-26. Abstracts of 
papers presented will be published in 
the October 28 issue of Science. 

The Engineers* Council for Pro¬ 
fessional Development will hold its 
17th annual meeting at the Edge- 
water Beach Hotel in Chicago Oc¬ 
tober 28-29. Programs may be ob¬ 
tained in advance of the meeting by 
writing to George G. Lamb, Tech¬ 
nological Institute, Northwestern 
University, Evanston, Illinois. 

The 450th meeting of the Ameri¬ 
can Mathematical Society will be 
held at Columbia University on Oc¬ 
tober 29. R. H. Pox, of Princeton 
University, will deliver an address on 
covering spaces. 

The Fourth Annual Congress on 
Horticulture will be held October 
30-Noveznber I, at the Essex House, 
New York JDity. The congress will 
include a symposium and round table 
on color, preliminary to the publica¬ 
tion of a 2,000-color standard chart 
by the Commission on Testing and 
Reporting of the American Horti¬ 
cultural Council. Further details 
tnay be obtained from R. Milton 
Carleton, 601 West Jackson Boule¬ 
vard, Chicago 6. 

the GUI! and Caribbean Fish¬ 
eries Institute will hold its second 
annual meeting November 15-18, at 
tfee Robert Richter Hotel, Miami 
Beach, Florida. Papers will be pre¬ 
sented by (Relegates from Cuba, Mar- 
tinique, and other Caribbean coun¬ 


tries, as well aB from the southeastern 
states of the U. 8; 

ACS at Atlantic City. One thou¬ 
sand sixty-five papers—by far the 
largest number in the history of the 
American Chemical Society—were 
presented at the society’s 110th na¬ 
tional meeting, held in Atlantic City, 
New Jersey, September 18-23, with 
8,232 chemists and chemical engi¬ 
neers participating. Nineteen pro¬ 
fessional divisions of the society held 
151 technical sessions, at which ad¬ 
vances in virtually every chemical 
field from agriculture and biology to 
jmtroleum and rubber were reported. 

An optimistic keynote was pro¬ 
vided by Arthur B. Lamb, of Har¬ 
vard University, retiring editor of 
the Journal of the American Chemi¬ 
cal Society, who received tho Priest¬ 
ley Medal at a general assembly in 
the Atlantic City Convention Hall. 
Science, whose revolution a ry progress 
has plunged man into the maelstrom 
of social upheaval, will lead him 
safely through into a better world 
than he has ever known, Professor 
Lamb declared. Despite the grave 
problems now confronting civiliza¬ 
tion, there is no need to be 1 * unduly 
depressed, M he said, because “ fun¬ 
damentally, and for the long pull, 
mankind’s prospects have never been 
brighter. * ’ 

An appeal to private industry to 
insure its own continuing progress 
and the future welfare of the na¬ 
tion by creating a 875,000,000-a-year 
foundation for the support of basic 
research was made by the society’s 
president, Linus Pauling, of the Cali¬ 
fornia Institute of Technology. 
Such a foundation would not elimi¬ 
nate the need of federal aid for re¬ 
search, but it would avert the menace 
of bureaucratic domination of sci¬ 
entific study and thus help preserve 
the American system of free private 
enterprise, Professor Pauling said. 

The names of seven 1950 award re¬ 
cipients were announced by Dr. Paul¬ 
ing. They are: 

Gatv&n Jtfedoi—Pauline Beery 
Mack, director, Ellen H. Richards In¬ 
stitute of Research in Textiles and 
Nutrition, Pennsylvania State Col¬ 
lege; American Chemical Society 
Award in Pure Chemistry (financed 
by Alpbs Chi Sigma)—Veruer Seho* 
maker, California Institute of Tech¬ 


nology; Precision Scientific Company 
Award in Petroleum Chemistry — 
Kenneth S. Pitzer, (University of 
California), director of research. 
Atomic Energy Commission; Eh 
Lilly and Company Award in Biologi¬ 
cal Chemistry —William Shive, Uni 
versity of Texas; Fritzsche Award in 
Essential Oils —A. J. Hnagen-Smit, 
California Institute of Technology; 
Fisher Award in Analytical Chemis 
try —Isaac M. Kolthoff, University 
of Minnesota; Paul-Lewis Labora¬ 
tories Award in Enzyme Chemistry — 
Britton Chance, director, Johnson 
Foundation, University of Pennsyl¬ 
vania. The awards will be presented 
at the society’s spring meeting, 
which will be divided into three ses¬ 
sions at Houston, Philadelphia, and 
Detroit. 

First announcement in the U. 8. 
of the decisions of the International 
Union of Chemistry on the names of 
plutonium and 13 other elements 
was made at the ACS meeting. Alex¬ 
ander Silverman, University of Pitts 
burgh, American representative on 
the union’s Commission on Inorganic 
Nomenclature, who had just returned 
from the union’s 15th conference in 
Amsterdam, reported that these 
names had been accepted for the 
eight new elements discovered dur¬ 
ing World War II: technetium (43). 
promethium (61), astatine (85), 
francium (87), neptunium (93), plu¬ 
tonium (94), americium (95), and 
curium (96), He also listed the fol¬ 
lowing rulings on names of older ele¬ 
ments: wolfram Instead of tungsten 
for number 74; niobium instead of 
columbium for 41, beryllium rather 
than glucinium for 4, hafnium for 72, 
lutetium rather than lutecium for 71, 
and protactininum rather than proto¬ 
actinium for 91. 

Widespread interest was aroused 
by a symposium on 4 ‘Security Clear¬ 
ance and the Scientist,” sponsored 
by the society’s Industrial and En¬ 
gineering Division, at which Colonel 
E. M. Tally, Jr., chief of the Muni 
tions Board’s Office of Manpower, 
announced that the Department of 
Defense is establishing a central 
security file to make the entire clear¬ 
ance system simpler and to eliminate 
much of the duplication existing 
under separate Army, Navy, and 
Air. Force procedures. 
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Discovery of a simple, low-cost 
method for the mass-scale produc¬ 
tion of essential amino acids for 
safe intravenous feeding was re¬ 
ported by Jesse P. Greenstein, of 
the National Cancer Institute. 

Recent findings in the biochemical 
study of diabetes, achievements in 
the flameproofing of textiles, the 
varied industrial uses forecast for 
titanium, and developments in the 
fields of paints, plastics, rubber, 
and insecticides were among the 
other subjects discussed at the meet* 
ing. 

Waltbb J. Mubphy 


The Mt. Desert Island Biological 
Laboratory is planning to issue early 
in 1950 a Bulletin Number covering 
the years 1941-49, and a list of pa¬ 
pers resulting from work at the labo¬ 
ratory from 1929 through 1949. All 
contributors are asked to submit 
titles of published papers or a sen¬ 
tence description of unpublished 
work by December 1 to J. Wendell 
Burger, Director, Trinity College, 
Hartford 6, Connecticut. 

The Philadelphia Section of the 
American Chemical Society will 
sponsor again this fall special non¬ 
credit evening courses in physiology 
for chemists and recent develop¬ 
ments in colloid chemistry. The lec¬ 
tures will be held at the Philadel¬ 
phia College of Pharmacy and Sci¬ 
ence, 43rd and Kingsessing Avenue, 
Philadelphia. Attendance is not 
limited to members of the American 
Chemical Society. Further infor¬ 
mation may be obtained from E. J. 
Rosenbaum, Sun Oil Company, Nor¬ 
wood, Pennsylvania, chairman of 
the Philadelphia Section’s Chemical 
Education Committee. 

The New York Academy of 
Medicine has donated 12,000 volumes 
to the Southwestern Medical College 
In Dallas, Texas. These volumes 
are part of a gift to the academy 
of 20,000 volumes from the New 
York Public Library, representing 
its original collection of medical 
booty accumulated during the 19th 
century. The academy is adding 
the remaining 8,000, including vain* 
able foreign medical publications 


and issues of unusual journals, to 
the 260,000 volumes of its present 
library. 

The National Bureau of Stand¬ 
ards has just published its annual 
report summarizing investigations in 
the physical sciences carried on at 
the bureau during 194^ Activities 
were conducted by 14 divisions, con¬ 
cerned with electronics, applied 
mathematics, atomic and molecular 
physics, radio propagation, electric¬ 
ity and optics, metrology, heat and 
power, chemistry, mechanics, or¬ 
ganic and fibrous -materials, metal¬ 
lurgy, mineral products, building 
technology, and commodity stand¬ 
ards. Of the projects carried out 
by approximately 100 sections within 
these divisions, those of greatest 
general interest and widest applica¬ 
tion have been selected for descrip¬ 
tion. The 272-page illustrated book¬ 
let is available from the U. 8. Gov¬ 
ernment Printing Office, Washington 
25, D. C. 

The New York Academy of Sci¬ 
ence*, now located at Central Park 
West and 79th Btreet, New York 
City, will occupy new headquarters 
at 2 East 63rd Street after January 
1. The new residence is the million- 
dollar gift of Norman B. Wool- 
worth. The academy is Conducting 
a campaign for one million dollars, 
half to be used for alteration, equip¬ 
ment, and maintenance of its new 
home and half to be set aside for on 
extension of activities. 

Recently Received— 

Medical Misti on to Greece and 
Italy , April 15-June 7 t 1948. 
Abridged report. Unitarian Ser¬ 
vice Committee, Inc., 9 Park 
.Street, Boston 8. 

Sixth Report ol the Biological 
Bureau , Quebec, 1948. Game and 
Fisheries Department, Quebec, 
Canada. 

The Navajo Meteorite, Sbarat 
Kumar Roy and Robert Kriss 
Wyant geological Series of 
Field Museum of Natural His¬ 
tory, Chicago. VoL VII, No. 8. 
30*. 

Lie* of Publications, Department of 
Terrestrial Magnetism, 1948. Gar- 
nagie Institution of Washington, 
Washington 15, D. C. 


Handbook on Florida Termite *. E. 
Morton Miller. Technical Series, 4 
University of Miami Press, Coral 
Gables, Florida. 

Proceedings of the First Annual 
Northern California Research 
Conference, January, 1949. Stan¬ 
ford Research Institute, Stanford, 
California. $2.00. 

Un diagramme nouveau a quatre 
ooordonnees, P* Lenk-Chevitoh. * 
Extract from technical bulletin of 
1’Union des Ingcnieurs sortis dee 
Ecole* Sped ales de 1 ’Universite 
de Louvain, Brussels. 

Isotopes, Catalogue and Price List 
No, $, July 1949. Isotopes Divi¬ 
sion, U. S. Atomic Energy Com¬ 
mission, Oak Ridge, Tennessee. 
Ecological Crop Geography of Ger¬ 
many and It* Agro-Climatic 
Analogues in North America, M. 
Y. Nuttonson. International Agro- 
Climatological Series, Study .No. 

8, 1949. On request from Ameri¬ 
can Institute of Crop Ecology, 
P.O. Box 1022, Washington, D. C. 

A Collection of Fishes from Talara , 
Peru. Samuel F. Hildebrand and 
Otis Barton. Miscellaneous Col¬ 
lections, Vol. Ill, No. 10, Publ. 
3986, Smithsonian Institution, 
Washington, D. C. 

Make Plans for— 

Pacific Chemical Exposition and 
Pacific Industrial Conferences, 
sponsored by the American Chemical 
Society, November 1-5, Civic Audi¬ 
torium, San Francisco. 

Special Libraries Association, 
council meeting, November 3-5, Hotel 
Statler, New York City. 

American Association of Blood 

Banka, November 3-5, Seattle, Wash¬ 
ington. 

Society of Rheology, 20th annual 
meeting, November 4-5, Hotel New 
Yorker, New York City. 

American Society for the Study 
of Arteriosclerosis, November 5-V, 
Hotel Knickerbocker, Chicago. 

American Society of Tropical 
Medicine, meeting conjointly with 
the National Malaria Society and 
American Academy of Tropical 
Medicine, November #4, Memphis, 
Tennessee. 


October 21, 1949, Vol. 110 


411 


SCIENCE 


Attacks on Muscle 

A. Szent-Gyorgyi 1 

Marine Biological Laboratory , Woods Hole , Massachusetts; and 
Laboratory of Physical Biology, National Institutes of Health, 


Betbesda, Maryland 

U P TO THE PRESENT CENTURY muscle 
was the favorite object of physiological 
research. An enormous amount of work 
carried on by classical methods was repeated 
later with perfected physical methods. The results of 
such refinements failed to leave in their wake a deeper 
understanding than had been obtained before. The 
reason lies in the wholistic nature of approach. To 
the physiologist muscle and a muscle twitch nro units 
which cannot be disintegrated. 

Attempts to understand muscle by breaking it down 
to its molecular components date back to the sixties, 
when W. Kiihne (7) prepared from muscle a 
globulin-like protein, myosin, supposedly derived from 
contractile fibril. Leading contemporaries, Danilev- 
ski, (2) Halliburton (5), and v. Fiirth (11), cor¬ 
roborated and extended the observation. In the thir¬ 
ties of our century the study of myosin was again 
taken up by more modern methods (12). 

Though interesting and specific relations of myosin 
and ATP were discovered ( 4 ), the mechanism of 
contraction and the role of myosin remained obscure. 

A third line of attack was taken up in the author’s 
laboratory ten years ago at Szeged and later at 
Budapest, Hungary. This line was based on the 
belief that such a complex mechanism as the con¬ 
tracting muscle fibril can be understood neither by 
keeping it us a whole nor by decomposing it to mole¬ 
cules. It was believed that an understanding could be 
achieved by breaking the system down gradually, 
dismantling it step by step, always trying to put to¬ 
gether again what we have taken to pieces. It was 
further believed that no single method of investi¬ 
gation could give the desired information. All 
methods available had to be employed in one single 
coordinated effort. 

Two years ago the author started organizing such 
an attempt in tins country. Part of this research 
group is working at Ike National Institutes of Health 
at Betbesda Maryland, and part at the laboratory of 
the Institute of Muscle Research at the Marine Bio- 
I<^cal I^boratory in Woods Hole, Massaehusetts. 
In tke middle of August the two groups convened 

‘ *ettow at the Katteaai 


at Woods Hole to discuss their problems and 
methods, the meeting being attended by a few guests 
interested in muscle. Out of these discussions a new 
conception of muscular contraction seems to have 
emerged. 

The contractile structure is built of a protein com¬ 
plex, “aetomyosin,” discovered at Szeged. The 
“myosin” partner of this complex is in many ways 
different from earlier myosin and was crystal¬ 
lized by the author. Actin was isolated by F. B. 
Straub (12). In itself, neither actin nor myosin 
shows any sign of contractility, nor does aetomyosin 
in itself. What makes it work is the master sub¬ 
stance of muscle, ATP. 

Adenosine triphosphate is a water-soluble nucleo¬ 
tide consisting of small molecules. Its existence was 
only gradually recognized. Embden (5) described 
adenosine phosphate and Meyerhof and Lohmann (8, 
9) showed that in muscle adenosine was linked not 
to one but to three phosphate groups; hence the 
name ATP, abbreviation for adenosine triphosphate. 
This ATP contains, in the links holding its phosphate 
groups together, 11,000 cals of free energy which, 
according to our present knowledge, is the sole im¬ 
mediate source of the energy of muscular contraction. 
But ATP ia not merely a store of energy. It domi¬ 
nates the whole physical state of muscle. Without it 
muscle is not only inactive but is also stiff and inelas¬ 
tic. Muscle in rigor mortis is actually muscle with no 
ATP. 

Myosin, if not linked to actin, has one striking 
property, its great affinity to ions. It binds ions 
very strongly so that its physical state, charge, and 
solubility depend on the quality and quantity of ions 
present Though it is a hydrophylous colloid, myosin 
is discharged and quantitatively precipitated by 
0.026 it KOI or NaCl. It has an especially great 
affinity to Mg, which is always present in muscle in 
high concentration. Myosin, by binding Mg and X, 
develops a high affinity to ATP, with which it links 
up to a fairly stable complex, >t myown-ATP4 W 

Actin, too, has its striking peculiarities. The most 
surprising one is that ifc can erist in two forms, in 
the fom of globules and in the form of long thread*. 
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If extracted by Straub’s method, it is in the globu¬ 
lar form (G-actin) consisting of small, round mole¬ 
cules of mol. wt 70,000 g. If a small quantity of salt, 
KC1 or NaCl, is added in the presence of traces of 
Mg, the globules unite to long threads, studied first 
under the electron microscope by Jakus and Hall (£). 
These relatively thick threads give no information 
about their finer structure, or the mechanism of the 
building of threads out of globules. If, however, 
thread formation is induced under special conditions, 
as it was by G. ftozsa, the author, and R. W. G. Wye- 
toff (10) at the National Institutes of Health, actin 
forms very thin molecular threads. If these threads 
come to lie side by side they develop a cross strict ion. 
The distances of this striation can be exactly meas¬ 
ured, allowing us to draw some conclusions as to 
what has happened. What we find is that the small 
actin globules of mol. wt 70,000 g have united to 
form bigger units, about twenty of them now forming 
one particle of mol, wt about 1,500,000 g. These 
units are slightly elongated, 100 A wide and 300 A 
long; they associate end-to-end to form long fibers. 
If several fibers come to lie close to one another the 
particles of the neighboring threads associate also 
with their broad side. 

Myosin consists of very thin and long molecules. 
If these are added to fibrous actin the two colloids 
unite to form a complex. The slender, long myosin 
filaments attach themselves to the actin filament 
lengthwise. The reactions of this complex are rather 
sluggish. If ATP is added it links up with the myo¬ 
sin to form an actomyoein-ATP complex which has 
the most amazing reactivity. The reactions depend 
now on the salt concentration. At a high salt con¬ 
centration the complex dissociates into its compo¬ 
nents, actin and myosin-ATP. By changing the salt 
concentration by no more than 0.01 m we can make 
actin and myosin-ATP nnite or dissociate at will. 
The ionic concentrations of intact muscle are such 
that the system is balanced on a razor edge and the 
two proteins just do not unite. The shift in ionic 
Concentration, necessary for their union, is brought 
about by the wave of excitation and the concomitant 
electric current. 

In the absence of ATP the actomyosin filaments 
are stable in their straight, stretched condition, Acto- 
myosin-ATP is unstable in this condition. When 
actin and myosin-ATP unite they lose their charge 
and therewith they dehydrate mid tend to shrink and 
fold up, going over into a shorter, more stable, and 
energy-poorer state. 

If we do not allowthe system to shorten by hold¬ 
ing its ends fixed, tension will be developed. Using 
thioTOodynamie language we could also day that, by 


uniting, the two proteins acquire a thermodynamic* 
potential which is dissipated in shortening. Using the 
lunguage of colloidal chemistry we can also say that 
contraction is a mutual precipitation of two proteins, 
or a precipitation of a protein complex by ions, since 
ioqf are also involved. 

The reaction in which the potential is developed 
is thermodynamically reversible; it is thus an equi¬ 
librium reaction, From the temperature dependence 
of its constant, free energy changed can be calculated 
which are in agreement with experiments measuring 
the work actually done. In these reactions the actin, 
together with the corresponding quantity of myosin, 
forms independent units, which react in an all-or-none 
fashion, that is, either react completely or not at all. 
Muscular activity is the sum of the independent func¬ 
tion of these little units, the size and energy changes 
of which can be calculated with fair accuracy. 

While contraction seems to be clearing up, we still 
know very little about relaxation and energy coup¬ 
ling, We do not know how the muscle goes back to 
its resting state and at which point of the cycle the 
ATP is split and how its energy is utilized by the pro¬ 
tein. A recent discovery of F. B. Straub, corrobo¬ 
rated and extended by W. Bowen and K. Laki (I), 
together with the author’s earlier observations, offers 
the possibility of a tentative explanation. Straub 
found that ATP is involved in the polymerization of 
actin.. The author observed that fibrous actin is 
broken up into globules during contraction of acto- 
myosin, that actin in its globular form dissociates 
from myosin-ATP much more readily than fibrous 
actin, and that myosin greatly catalyzes the rear¬ 
rangement of actin globules to fibers. Hitching all 
this together the following picture can be made: 
ATP is instrumental in holding the actin-globule* 
together in fibers. This ATP is split in contraction 
by the myosin (which is known to have ATP-aBe 
activity). The actin fiber thus falls into globule* 
which dissociate from the the myosin-ATP. Tbr 
actin globules unite spontaneously to fibers again 
while myosin-ATP molecules hydrate and stretch out, 
since myosin-ATP, if not attached to actin, hydrates 
# spontaneously at the ionic concentration of muscle. 

In this picture the difficult problem of energy 
coupling (“energetization”) drops out altogether. If 
the actomyosin-ATF system contracts and performs, 
say, X calories’ worth of work, we cannot expect to 
be able to dissociate it without using up X calories’ 
worth of energy in bringing about this dissociation. 
(If the system dissociates it can go back spontane¬ 
ously into the relaxed resting state and if we could 
make it dissociate without using up energy then w* 
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would have a net profit of X calories, that is, we 
would have u perpetuum mobile.) There being no 
perpetuum mobile possible, we can state that if the 
muscle has done X calories of external work in con¬ 
traction we need at least X calories' worth of energy 
to make it dissociate and relax. Since the splitting of 
the phosphate link of the ATP molecules holding the 
actin globules together entails dissociation and re¬ 
laxation, we need energy to bring about its splitting. 
The problem is solved by nature—by enclosing into 
the phosphate bond the energy necessary for its 
later splitting. In this way the link can be split at 
the right moment in contraction without external 
help, the energy needed for this splitting having 
been enclosed in the phosphate bond at its formation. 
The final source of this energy of the “high energy 
phosphate bond,” which has to pay for all the energy 
expenditure of contraction, is our food, its oxidation 
and fermentation. 

The reader will have noticed that in developing 
this concept of contraction the most varied methods 
were used. A deeper understanding of muscular ac¬ 
tivity can be arrived at only by coordinated attack 
on all available lines, be they histology, electron mi¬ 
croscopy, preparative chemistry, enzymology, colloidal 
chemistry, physiology, or even quantum mechanics. 
The meeting held at Woods Hole represents such an 
attack. 

A deeper understanding of muscle is urgently 
needed for two reasons. Cardiovascular diseases, 
which take such a horrid toll, are mostly diseases 


of muscle, be it the heart muscle itself or muscle 
cells of the artery wall. It should not be forgotten 
that the immediate cause of most human death is 
failure of muscle, and its dysfunctioning causes a 
great deal of suffering. No rational therapy or pre¬ 
vention can be hoped for without deeper understand¬ 
ing of muscle. Also, we can replace missing, or 
worn out, parts of a mechanism only if we know 
about them, and so the analysis of muscle may bring 
to light substances of therapeutic value. The author 
has worked out methods for the large scale prepara¬ 
tion of ATP making this master substance of the 
muscle available for medical use, and suggested its 
clinical trial in all conditions in which dysfunctioning 
of muscle is involved. Most encouraging results have 
been reported in various lines. 

The fact that ATP is involved in the construction 
of the bigger functional units of actin indicates that 
this substance is, so to speak, a mortar of the living 
edifice. Thus it is imperative to try its clinical 
application also in degenerative diseases, like arthri¬ 
tis, where the basic biomolecular architecture seems to 
be impaired. 

Relieving human suffering on a big scale may be 
very gratifying, but all the same, the mainspring of 
basic research is curiosity, the thirst for new truth 
and knowledge. Success in therapy is but a natural 
consequence of such deeper knowledge. Muscle, as a 
material, holds out the highest promise for those who 
want to understand the basic principles of life and 
its architecture. 
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The Cortical Correlate of Pattern Vision 1 

Wolfgang Kohler and Richard Held 
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* 


B oth physiologists and psyciiolo- 

GISTS are convinced that psychological facts 
are directly related to certain brain processes, 
which determine the various characteristics of 
these facts. Such processes are called the cortical 
correlates of the phenomena in question. No actual 
demonstration of cortical correlates has so far been 
possible, and their nature has remained a matter of 
speculation. In the case of vision, it is true, opera¬ 
tions of the cortex are not entirely unknown. When 
the organism is in a relaxed condition, the visual area 
of the brain, but not this area alone, exhibits the alpha 
rhythm, an electric oscillation of about 10 cycles per 
second. Since this rhythm is most pronounced when 
the eyes are closed, and is disturbed by visual facts, 
nobody regards it as the correlate of these facts as 
such. A few electric waves are also observed when 
the visual cortex is thrown into action by stimulation 
of the eyes; and some waves may again occur when 
stimulation is discontinued. But such on- and off- 
effects cannot be related to vision in generul, because 
they accompany only its beginning and its end. 

Many believe that cortical function is essentially of 
the same type as peripheral function; in other words, 
that nerve impulses which arrive in the cortex merely 
give rise to further impulses which travel in cortical 
fibers. This thesis meets with a serious difficulty: 
large masses of cortical cells tend to operate as though 
each were taking account of what the others are doing. 
Thus, Gerard (£) suggested that, quite apart from im¬ 
pulses which are transmitted in fibers, brain action 
may involve fields which spread through the tissue as 
a continuum. Later he and Lihet showed that parts 
of the brain remain functionally interrelated even 
when all connecting fibers have been severed, or when 
their synapses are blocked by drug action (3, 4, 8). 
In the meantime, psychological evidence had led to 
the assumption that, when the level of activity in ad¬ 
jacent parts of the visual cortex differs, a direct cur¬ 
rent flows around the contour at which they are in 
contact (5, 0), An investigation of so-called flgural 
after-effects in vision strongly supported this assump¬ 
tion (7). Just like Gerard's fields, the currents in 
question were supposed to spread through the brain 
as a volume conductor. This is not a bold assump- 

1 Wo*fc Con« under grants tf<m the Amerteaa Phllosephleal 
fwstety, card Swarthmow Coll***, 


tion. The short-lived current of a nerve impulse flows 
through the surrounding medium no less than through 
the active stretch of the fiber, although in general dii 
cussions about the operations of *the nervous system 
the fact is sometimes ignored. Again, since the alpha 
rhythm of human subjects is commonly registered 
when the electrodes are attached to the surface of the 
head, this activity of brain cells rnuBt also have fields 
which spread in the tissue as a continuum. Electric 
displacements which readily penetrate skull and Sojjtp 
are not, of course, restricted to special conductors in 
the brain. 

In the theory of visual perception, we cannot be 
satisfied with the general hypothesis that, when a sub¬ 
ject sees objects or patterns, corresponding parts of 
his visual cortex are pervaded by direct currents. If 
it is assumed that such currents determine certain 
characteristics of the visual field, it will be necessary 
to show more specifically how these characteristics can 
be derived from the behavior of the cortical flow. But 
this is by no means an easy task. We therefore 
decided to postpone further theorizing until we had 
better evidence to support the main hypothesis, and 
tried to find such evidence in direct physiological tests. 

Although later it will be necessary to take records 
from the brains of animals whose skulls have been 
opened, recording from the intact heads of human sub¬ 
jects appeared to us more convenient in a first ex¬ 
ploration. This procedure had to give results if the 
size of the postulated potentials could be assumed to 
be comparable to the amplitude of the alpha rhythm. 
As our main instrument, we used the breaker type d-c 
amplifier constructed by the General Motors Company 
(10 ); the amplified current was registered with a 
photoelectric recorder of the General Electric Com¬ 
pany. The subject was seated in a shielding cage. 
Wo used electrodes of the silver-silver chloride type. 
Usually, one electrode was placed slightly above the 
occipital protuberance, where the foveal region of 
the visual cortex is located, and the second electrode 
was attached to the vertex. Under these conditions, 
the vertex electrode was connected with the grounded 
parts of the amplifier and the shielding cage. Steady 
potentials appearing in the absence of visual stimula¬ 
tion were eliminated by a balaneing oircuit 

All currents which spread in the nervous .system,: 
tend to reduce their mm. by inuoedi^ 
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rtiHponH^s to fivo expoMirea of it moving -object. 


ization of the tissue. 1 We tried to minimize this diffi¬ 
culty by showing the subject bright objects that were 
slowly moving rather than stationary. Actually, it is 
more difficult, although not impossible, to obtain re¬ 
sponses also in the latter situation. The objects did 
not move with a very high speed; we have sometimes 
used velocities of only 8° of visual angle per second. 
The records we will show here were taken with retinal 
speeds that varied from about 6° to 12°. It has been 
reported that moderately bright objects give better on- 
effects than very intense objects. It is our experience 
that objects which do not differ too strongly from 
their background are most likelyto give good results. 
The reason is probably that the advantage which arises 
from working with a moving object is lost if the ob¬ 
ject, or rather its current, is strong enough to polarize 
parts of the visual area before the stimulus actually 
reaches these parts. We have used moving strips of 
white or gray cardboard, seen against a dark back¬ 
ground in a fairly well illuminated room, ns well as 
moving bars of light projected on a screen under con¬ 
ditions of lower general illumination. Of the records 
to be shown in this report, only the first, the second, 
and the fifth have been taken in the latter situation. 
The objects always had a vertical orientation, and 
moved in the horizontal direction. 

When studying the on-effects of the rabbit's visual 
cortex, Bishop once remarked that “the variety in the 
records taken under as nearly constant conditions a a 
we are able to maintain would be discouraging in ex¬ 
periments on any other structure than the cerebral 
cortex . . ” (I). This statement also applies to our 
records, which often show irregularities of unknown 
origin. But we should have to regard these records 
with suspicion if there were no such irregularities. 
Even in a very calm subject, processes are bound to 

1 To b® exact, not only Is the tlsrae polarised ; it* polarl*a* 
Mllty also grows. 


occur which are not related, or related only indirectly, 
to the fact that an object moves in his visual field. 
We have taken records from 13 subjects altogether. 
All have given responses, although results have been 
more satisfactory with some than with others. The 
curves we will now discuss show responses of four 
different individuals. 

When Record I (Fig. 1) was taken, the object 
moved four times in succession across a screen, in the 
middle of which a faint fixation mark was given. 
Both electrodes were placed in the median plane of 
the head, one in the region of the visual cortex, the 
other near the vertex. In examining this record, one 
has to keep in mind that it is written on very slowly 
moving paper (cf. the length of 4 sec given below the 
record). It will be seen that there are four responses 
coFres{)onding to the four marks on top, which indi¬ 
cate the time and the length of the exposures. The 
responses are maximal in the middle of the exposures, 
i.e., when the object passes the fixation mark and, in 
the visual cortex, the place of the occipital electrode. 
The total length of the four exposures with the inter¬ 
vals between them is about half a minute. During 
this period the base line has drifted considerably. It 
is nevertheless obvious that all responses are deflec¬ 
tions downward. With the connections of our ar¬ 
rangement, this means that, when the object moves 
across the fovea, the surfaee of the cortex under the 
occipital electrode is positive in relation to the vertex. 
The size of the responses amounts to slightly more 
than 25 gv. The small waves which the curves exhibit 
represent the subject's very slow and steady pulse. 
It appears in almost all his records, but is disturbing 
only with some positions of the electrodes. 

Record II is a repetition bf the same experiment, 
with the same subject, but with five successive ex¬ 
posures. Although in this ease the base line has begun 
to drift before the exposures, the five responses are 
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again clearly discernible. They have the same polar¬ 
ity as those of Record I, and also almost the same size. 

In Records I and II, responses give the impression 
o£ being short waves, merely because the records are 
written on very slowly moving paper and because the 
extension of the movement is restricted. Records III 
and IV (Fig. 2), taken from another subject, but with 
the same position of the electrodes, show reactions to 
single exposures of objects when the extension of the 
movement approximates 100° of visual angle, and 
when the paper of the recorder moves three times ns 
fast as in Records I and IL In both records, there is 
an almost immediate response when the object begins 
its movement far in the periphery of the field (cf. the 
first mark on top). The deflection, which is again 
positive, grows as the object approaches the fixation 
mark; it becomes maximal near or at this point (sec¬ 
ond mark on top), and it gradually decreases as the 
object moves toward the end of its course (third 
mark). In Record IV, which is taken with a more 
slowly moving object, the total time of the exposure 
amounts to 12 sec. During this period, a current of 
constant polarity flows from the head into the ampli¬ 
fier. Its greatest intensity corresponds to about 40 i*v. 
The fact that the deflection begins when the object 
moves at a distance of almost 50° from the fovea de¬ 
serves particular attention. If such responses actually 
issue from the visual cortex, parts of this area seem to 
be interrelated by currents across very considerable 
distances. 

Record V (Fig. 8), taken from a third subject, dif¬ 
fers from Records I-IV mainly by the fact that the 
slowly responding galvanometer (of the recorder) 
used in the preceding experiments is now replaced by 
a much faster instrument. The response time of this 
instrument is ,.04 sec. As a result, Record V is cov¬ 
ered with comparatively rgpid oscillations, which the 
slower instrument could not register. The maj or posi¬ 
tive deflection, which reaches its maximum (about 50 


uv) at the fixation mark, is nevertheless perfectly ob 
vious. In the present ease, the response is restricted 
to the middle of the exposure (about 30° of visual 
angle). This happens occasionally, even if, with the 
same subjects, other responses extend from the begin¬ 
ning to the end of a wide exposure field. The varia¬ 
tion may be related to differences in the attitude of the 



FIs. 8. Record V, subject R, response to one exposure, 
with alpha waves. 


subjects who, while they fixate, may either concentrate 
on the fixation mark or follow the object with their 
attention. 

When counting the faster oscillations in the periods 
# before or after the exposure, one finds that their fre¬ 
quency is almost 10 cycles, the average frequency of 
alpha. In our experiments, this rhythm is never really 
suppressed when the visual environment remains more 
or less constant for some time. But changes, such as 
the movements of our experimental objects, tend to 
disturb the rhythm, at least for a while. Thus, in 
this record, the frequency, the amplitude, and the reg^ 
ularity of the oscillations appear to be affected during 
the exposure, particularly during its central part 
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If the faster oscillations of Record V are alpha 
waves (or modified alpha), they represent, of course, 
one phase of what the cortex is actually doing while 
an object moves across the field. Strictly speaking, it 
would therefore seem desirable always to allow these 
oscillations to appear in our records, and thus to use 
a galvanometer, the response time of which is short 
enough for the purpose. We have nevertheless taken 
many records with our slower galvanometer (response 
time 0.5 sec), because the behavior of the slower po¬ 
tentials is sometimes more strikingly revealed when 
they are not covered with alpha. The following rec¬ 
ords, excepting XI, are taken with this instrument. 
After all, most records of alpha are taken under con¬ 
ditions which virtually eliminate the steady potentials 
of the brain. The fact that the slow instrument must 
also slightly distort steadier potentials cun be ignored 
in a first exploration, which is not yet concerned with 
details. 

Only a small central zone of the human retina seems 
to be represented in the parts of the visual cortex 
which lie, on both sides of the median fissure, directly 
under the skull. But localization within this zone is 
assumed to be specific; retinal cells on the left side of 
the central meridian are connected with cortical tissue 
in the left hemisphere, and cells on the right side with 
tissue in the right hemisphere. Just the opposite re¬ 
lations obtain, of course, between positions of outside 
objects and the locations of their cortical counterparts. 
We tried to decide whether the behnvioT of the cur¬ 
rents here under investigation agrees with such facts. 
For this purpose, the occipital electrode was placed 
slightly to the right or the left of the median plane, 
while the second electrode remained attached to the 
region of the vertex. It seemed possible that the mov¬ 
ing object would affect the occipital electrode more 
strongly when its cortical counterpart moved in the 
hemisphere corresponding to this electrode's position. 
We were thus led to the following four tests. 

Records VI and VII (Fig. 4): In both tests the oc- 
.Iv ■ --ptAMl on the right side of the 


median planp. With a movement of the object from 
left to right, i.e., retinally from right to left, the first 
half of the record ought to show a stronger response 
(VI). With the opposite direction of the movement, 
this asymmetry must be reversed (VII). Records 
VIII and IX (Fig. 5) ; In both tests the object moves 
left to right, i.e., retinally from right to left. With the 
occipital electrode on the left side of the median plane, 
the second half of the record must show a stronger 
response (VIII). With the electrode on the right 
side, the opposite must happen (IX). In such ex¬ 
periments, responses are expected to show a more 
specific shape, in spite of disturbances, and in spite of 
the fact that the impedance of the skull may vary from 
one part of the crucial region to another. We have 
nevertheless often obtained the predicted results. Rec¬ 
ords VI-IX may serve as examples. The asymmet¬ 
ries agree with our predictions. 

One can go still farther in the same direction. If 
both electrodes are placed in the crucial occipital re¬ 
gion, one on the left, and the other on the right side 
of the median plane, the cortical counterpart of the 
visual object will move first nearer one electrode, and 
then nearer the other. Under these circumstances, the 
resulting records ought to be diphasic; two deflections 
in opposite directions ought to follow each other. The 
difficulties inherent in such experiments are still 
greater than those involved in experiments VI-IX: 
visual potentials must be much weaker when the elec¬ 
trodes ore placed so near each other, and responses 
will seldom appear to be convincingly diphasic if the 
curves in question allow a major drift. Nonetheless, 
results are sometimes perfectly clear. For instance, 
in Records X and XI (Fig. 6), taken when the object 
moved from the right to the left, and when the left 
electrode was “active,” a positive (downward) deflec¬ 
tion during the first part of the exposure is followed 
by a negative deflection in the second half. With the 
connections used in our experiments, this is the ex¬ 
pected sequence. The deflections are, of course, quite 
small (cf. the calibration). * 
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All our records have this in common: they seem to 
show that active parts of the visual area are surface- 
positive in relation to less active parts of the cortex; 
and that, therefore, when bright objects appear in the 
visual field the cortex is pervaded by currents which 
flow in corresponding directions. Libet and Kahn, 
Jr. recently obtained relatively steady potentials from 
other regions of the cat's cortex, but found no such 
responses in the visual area when the eyes were stimu¬ 
lated (5t). We do not know what conditions of stimu¬ 
lation were used in these experiments. The negative 
result would contradict our findings only if the authors 
had also worked with moving objects of very moderate 
brightness. 

In the meantime, the question arises whether our 
records are actually related to visual facts as such. 
It might, for instance, be suggested that such re¬ 
sponses merely accompany eye movements, or that 
they represent psychogalvanic reflexeB. Comparison 
with records obtained during eye movements and with 
the known characteristics of psychogalvanic reflexes 
has led us to the conclusion that these suggestions are 
not acceptable. Professor Gerard has called our at¬ 
tention to the possibility that vascular reactions might 
be associated with cortical fields. Obviously, this 


possibility will have to be examined; but, at the pres¬ 
ent time, the electric phase of vascular reactions does 
not seem to be sufficiently known for the purpose. 

If the responses of our records should prove to be 
visual currents, our next question would refer to the 
origin of these currents in the visual system. As a 
radical answer, it might be held that responses such 
as these need not be interpreted in terms of steady po¬ 
tentials ; when registered with a slowly reacting instru¬ 
ment, synchronized nerve impulses of considerable fre¬ 
quency would give similar curves. We hesitate to 
follow this interpretation. There is no question that, 
after Berger's discovery of alpha, numerous attempts 
have been made to find electric oscillations which ac¬ 
company vision. The instruments used in such experi¬ 
ments have generally been well adapted to the purpose. 
If synchronized nerve impulses (or, rather, their 
fields) actually spread through skull and scalp while 
we see, the fact would probably have been discovered 
years ago. To be sure, further tests may be desirable. 

It seems to us a more plausible assumption that the 
currents of our records represent the fields of impulses 
which are thoroughly nonsynchronized. It has been 
argued that if, from each part of a bright retinal 
image, nonsynchronized impulses arrive in a corre- 
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sponding part of the visual cortex, the statistical result 
would be an approximately steady potential and an 
equally steady flow through and around the cortical 
counterpart of tlie image. If this is otherwise good 
reasoning, we have no cause for objection. The con¬ 
clusion agrees with our own thesis. Elsewhere, we 
have given a derivation of steady potentials in the 
visual area, which refers to the much debated chemical 
action of nerve impulses (5, 6, ?). We need not 
choose between these two possibilities; the distribution 
of the resulting flow would b^ about the same in both 


cases, and this, from a psychological point of view, is 
the main issue. 

More generally speaking, our results must be inter¬ 
preted with some caution, just because they are related 
to important problems. The occurrence of direct cur¬ 
rents in the cortex would probably have consequences 
in various parts of neurophysiology. In psychology, 
access to the cortical correlate of pattern vision would 
immediately affect the theory of psychophysical rela¬ 
tions—and would affect first of all, the theory of 
perceptual space. 
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TECHNICAL PAPERS 


The Mutagenic Mode of Action of Formalin 

C. Auerbach 

Institute of Animal Genetic », 

Edinburgh University, Edinburgh, Scotland 

Id 1946 Bapoport (5) reported that formalin, when 
mixed with the food of Uroeophila melaiwgaster in sub- 
lethal concentrations, produces a high frequency of muta¬ 
tions, In the one experiment for which full data were 
given, the percentage of induced sex-linked letli ils was 
5412. Kaplan (2) confirmed this finding, and sfariJar 
results were retained in this laboratory with a wild- 
type (OrK) stock. Bapoport attributes the mutagenic 
effect of formalin to a chemical reaction between the 
chromosomes and the CO group of the aldehyde, It 
seems rather unlikely that formalin as such would reach 
the chregnosomes of the gem cells under the conditions 
of these experiments. Two other possibilities have to be 
considered. First, formalin might react with the food 
to produce a new mutagenic compound. Since formalin 
is added to the food while the agar is still well pourable, 
this reaction would take place at a temperature of about 
69° C. Second, it also seems possible that a mutagenic 
substance is formed not in the food, but in the body 
of the fly either during digestion or in the germ cells. 

In order to obtain information on this point, the effect 
of formaldehyde vapor on Vrotopkda was tested. A 


positive result with this method would prove that formal¬ 
dehyde as such is a mutagen, which would make It at 
least probable that it is the effective agent in the feeding 
experiments also. A comparison of the effects of formal¬ 
dehyde vapor on male and female germ cells in various 
stages of development should help to decide whether the 
action on the chromosomes is direct or mediated by the 
cytoplasm; for in the latter case female germ cells and 
spermatogonia should be more affected than mature sper¬ 
matozoa. The OrK stock which had given 3*6% sex- 
linked letbals in previous feeding tests with formalin was 
used. Toung adult $ $ and 9 9 were exposed to for¬ 
maldehyde vapor in the first series. Exposures lasted 
from 30 to 60 min, and the biologically effective dose was 
measured roughly by the survival rate during exposure 
and the first few hours afterwards. This does not take 
aeeeunt of the toct 'tint fifes often die during the sub¬ 
sequent dayB, In all tests, 9 9 survived in a larger 
proportion than $ $. In order to test germ cells which 
at the time of exposure had been at different stages of 
development, the treated $ $ were given fresh 9 9 every 
fifth day, the treated 9 9 were put on fresh food every 
fifth day, and mutation rates were recorded separately for 
the different broods. The untreated mates for both sexes 
were taken from the Muller-5 stock. Table 1 gives a 
short summary of the results. 

The OrK stock used for these experiments has been 
tested repeatedly over the past few years* Sex-linked 
lethala in the $ $ arise at a fairly constant rate of about 
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0.3%, It is obvious that the treatment has remained in¬ 
effective, and that at doses which allow about 50% of 
the $ $ and about 75% of the $ 9 to survive, formal¬ 
dehyde neither reacts with the chromosomes directly to 
produce mutations nor with the cytoplasm of the germ 
cells to produce a mutagenic substance. 


TABLE 1 

Thb Effect of Formaldehyde Vapor on Mutation Kato 
in Op.bm Cells of Imagines 


Sex 

Survival 

rate 

No. of tested 
X-cbronio 
Homes 

No. of 
lethals 

Percent 
of lethals 


43/00 

1172 

1 


rfrf 

7/24 

451 

0 



13/28 

983 

n 




2606 

4 

0.2 

99 

22/28 

1136 

0 


21/28 

1342 

1 




2478 

1 

0.05 


In all tests, a considerable proportion of the larvae 
died either during exposure or later on. The two sexes 
had tho same survival rate. Table 2 summarizes the data 
gained from exposure of larvae. 

In all series, the results are negative. Thus, all at* 
tempts to induce mutations by formaldehyde vapor have 
failed and it seems most likely that the effective mutagen 
is a compound formed by reaction of formaldehyde with 
one of tho components of the food. Experiments to 
identify this component have been started. 
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Inhibition of Phosphatases by Beryllium 
and Antagonism of the Inhibition by 


Since it seems legitimate to consider the experiments 
as tests for spontaneous lethals, an interesting incidental 
result consists in the confirmation of two previously re¬ 
ported features of the spontaneous mutation rate. First, 
the mutation rate is higher in $ g than in 9 9 (I). 
Second, when the mutation rate is recorded separately for 
the four successive broods from treated $ $, the follow¬ 
ing figures are obtained: first brood, three lothals in 860 
chromosomes j second and third broods, no lethals in 1543 
chromosomes; fourth brood, one lethal in 203 chromo¬ 
somes. This curve of mutation rate with a peak for the 
flTst sperm used and an increase for spermatozoa which 
have been stored for a considerable time, has been de¬ 
scribed by Lamy (5), and Muller (4). 

As the feeding method only treats larvae, the negative 
result obtained on adults did not seem conclusive. Ad¬ 
ditional tests on larvae wore carried out with a new ap¬ 
paratus which allowed milder and therefore longer ex¬ 
posures to be made. In the first experiments old larvae 
were used, because these can stand a fairly long exposure. 
However, when feeding tests, carried out at the same 
time, indicated a sensitive period to the mutagen early 
in the third instar, tests were also carried out on younger 
larvae of this age. These larvae can stand only a much 
shorter exposure without being killed or sterilized. 


TABLE 2 

Tbs Effect of Formaldbhym Vapor oh Mutation Katz 

IN TBZ GnH ClLLS OF LiABVAZ 


Time ip hr 
after laying 
of aggs 

length of 
exposure 

No. of tested 

Lethals 

somea 

No, 

% 

96-300 

2 hr 

2126 

2 

0.1 

about 70. 

2 hr 

188 

0 

0 

46-66 

2 hr 

160 

I 



TOmhi 

408 

1 



80 min 

486 

1 




tot* 

a 

0.3 


Manganese 

Kenneth P. DuBois, Kenneth W. Cochran, 
and Marcella Mazur 

University of Chicago Toxicity Laboratory 1 and the 
Department of Pharmacology , University of Chicago 

Beryllium poisoning has become a subject of consider 
able practical importance as a result of the use of beryl 
lium compounds in the fluorescent light industry and in 
several .other industrial processes. The occurrence of a 
number of cases of beryllium poisoning as a result of 
the industrial use of this metal has emphasized the neces¬ 
sity of obtaining detailed information on the toxicity 
and mode of action of beryllium in mammals. While 
numerous studies have been carried out on the toxicol¬ 
ogy of beryllium, little is known of its mechanism of 
action and no therapeutic measures for either acute or 
chronic beryllium poisoning are available. 

In undertaking studies on the mechanism of action 
of bd ellium, we were interested in examining its effect 
on enzymatic reactions with special attention being 
directed toward enzymes requiring metallic activators. 
The occurrence of beryllium in the same atomic group 
with calcium and magnesium and the many similarities 
in the chemical behavior of these three metals suggested 
that tho toxic effects of beryllium might involve interfer¬ 
ence with the biological functions of calcium «nd mag¬ 
nesium. The present communication describes the results 
of experiments which demonstrate that beryllium inhibits 
alkaline phosphatases activated by magnesium and cal¬ 
cium, and that this inhibition can be prevented and re- 

1 The work described la this paper was conducted at the 
University of Chicago Toxicity Laboratory under a research 
contract supported by the Atomic Energy Commission add 
administered through the Medical Division. Chemical Corps 
U; g, Amy, Uatter the tewaf ot the contract neither the 
Atomic Energy Commission nor the Amy Chemical Coras h 
Wfponsihle tor the oplsions or concluaioiw of the author* 
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versed by manganese. 

In order to ascertain the action of beryllium on a 
calcium-activated enByrne, the Adenosine triphosphatase 
system was employed, and the effect of beryllium on the 
adenosine triphosphatase activity of mouse liver and lung 
tissue was measured by the method of DuBois and Potter 

TABLE 1 

Tub Kffwct or Beryllium on thk ATP-abe Activity of 
Mouse Livbk and Luno Tissue 


various metals employed replaced, an equivalent amount 
of water in the test system. After incubation for 30 min 
at 38 6 0, the reaction was stopped by the addition of 0.3 
ml of 50% trichloracetic acid and after centrifugation the 
inorganic phosphate liberated web measured. Table 2 
gives the alkaline phosphatase activity of several tissues 

TABLE 3 

Antagonistic Action of Manganese on the Inhibition or 
Hkhum Phosphatase by Beryllium (5.9x10-™ m) 


TiHSue 


Molar concn. 
of beryllium 


ATP-awe 

units 


% Inhibition 


Molar concn. of 
manga new* 


% Inhibition 


0 

13.4 


0.1 x KM 

1.0 

92 

3.0 X JO-* 

3.0 

78 

8.0 x 1(M 

9.3 

21 

0 

17.3 


0.1 x MM 

1.7 

90 

3.0 x KM 

4.4 

74 

8.0 X MM 

10.8 

37 


(if). For all of our tests, uqueous solutions of beryllium 
chloride were employed. The inhibitory action of beryl¬ 
lium on adenosine triphosphatase activity is shown by 
the data in Table 1, from which it may bo seen that the 
activity of lung and liver tissue was inhibited to about 
the same extent by similar concentrations of beryllium. 

TABLE 2 

Thk Inhibitory Action of Beryllium on Alkaline 
Phohdhatabb of Hat Tissues 


Tissue 

Phosphatase activity 
mg P/g tisHue/hr 

Molar concn, of Be 
for 50% inhibition 

8enun 


0.33 

1.8 x KM 

Duodenum 


34.20 

Ti.OxHH 

Kidney 


32.0 

5.9 x 1<M 

Lung 


1.78 

4,5 x 10-* 

Brain 


0.72 

5.9 x MM 

In view of 

the 

inhibitory action 

of beryllium on 


adenosine triphosphatase activity, we woro interested in 
testing the effect of beryllium on magnesium-activated 
phosphatases. The similarity in the chemical behavior 
of magnesium and beryllium was first observed in 1688 
by Scstlni (5) who found that beryllium could replace 
magnesium in the growth of plants. Becently Grier, 
Hood, and Hoagland (3) and Klemperer, Miller, and Hill 
(4) have demonstrated that beryllium exerts a strong 
inhibitory action on alkaline phosphatases. To compare 
the Inhibitory action of beryllium on phosphatases acti¬ 
vated by magnesium and calcium, we have examined the 
effect of beryllium on the alkaline phosphatase activity 
of several tissues. Alkaline phosphatase measurements 
were performed using essentially the method of Bodan* 
sky <Jt) with modifications in the quantities of reactants 
to make the method suitable for small quantities of tissue. 
The test eystem contained I ml of 0.025 u Veronal buffer 
(pH £.0) containing 0.015 w sodium p-glycerophosphate, 
MOO mg of homogenized tissue or serum, and enough 
water to make a fine} volume of 1,7 ml. Solutions of the 


0 


77 

5.9 x 10 ; ' 


4 

5.9 x MM 


13 

2.9 x 10 1 

• 

51 

5.8 x 10 * 


04 


in the absence of added metallic ions. The values are 
expressed as mg of phosphorus liberated per g of tissue 
per hr together with the molar concentration of boryl- 
Uum necessary to produce 50% inhibition of the alkaline 
phosphatase activity of each tissue. These results demon¬ 
strated the pronounced inhibitory action of beryllium on 
magnesium activated phosphatases. There was a consid¬ 
erable difference in the sensitivity of the alkaline phos- 
phatnso of serum and various other tissues to beryllium, 
with Berum phosphatases being the most sensitive of those 
studied. 

It is likely that the inhibitory action of beryllium on 
phosphatases results from competition with magnesium 
and calcium for the same group on the enzyme with which 
they react. In this connection we were interested In as 
certalning whether increasing the concentration of mag¬ 
nesium or addition of some other metallic ion to the sys¬ 
tem would decrease the amount of inhibition of serum 
phosphatase by lieryilium. Various concentrations of 
magnesium as high as 5.9 x 10-3 m did not influence the 
inhibitory action of beryllium. This observation was 
in agreement with the results of other investigators (£). 
This indicated that beryllium has a much greater affinity 
for the enzyme than does magnesium. Since manganese 
also activates alkaline phosphatases, we tested the inhibi¬ 
tory action of beryllium on serum phosphatase in the 
presence of various concentrations of manganese aa 
manganese sulfate. When manganese and beryllium 
were present in the test system at the time of addition 
of the serum, manganese markedly decreased the inhibi¬ 
tion produced by beryllium, as illustrated by the data in 
Table 3. It was also found that manganese was effective 
in antagonizing the action of beryllium when added to 
the reaction mixture 5 min after the beryllium and serum 
were mixed. Cobalt and nickel also antagonized the in¬ 
hibitory effect of beryllium on serum phosphatase in 
vitro* 

The results of these experiments give support to the 
hypothesis that beryllium interferes in biological reac¬ 
tions in which magnesium and calcium participate. 
Magnesium-activated reactions appear to be more' sensi¬ 
tive toward the action of beryllium than calcium-acti- 
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rated reactions. The extent to which the effects of beryl* 
lium on phosphatases are involved in acute and chronic 
beryllium poisoning must be determined by further ex- 
perimentation on beryl lium-poisoned animals. The ability 
of manganese to counteract the inhibitory effects of beryl¬ 
lium on phosphatases in vitro is encouraging because 
it provides evidence of the possibility of reversing the 
combination of beryllium with tissue constituents and 
thereby suggests a possible approach to the development 
of therapy for beryllium poisoning. In this connection, 
experiments are in progress at the present time in which 
the effects of several metals on acute and chronic beryl¬ 
lium poisoning are being tested. The results of these 
experiments will be reported in detail elsewhere. 
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The Skin Temperature of an Extremity as a 
Measure of Its Blood Flow 

E. S. Fetcher, John F. Hall, Jr., and Howard G. Shaub 

Aero Medical Laboratory , Air Materiel Command , 

W right-Patter ton Air Force Bate , Dayton , Ohio 

Skin temperature often is. used as an index of blood 
flow in the extremities, even though the relation may be 
merely implicit. The purpose of this communication is 
to emphasize the fact, mentioned by Lewis (3) and 
others, that skin temperature is valid as a measure of 
extremity blood flow under certain conditions only. 

Skin temperature depends upon both the rate of heat 
supply to the skin and the rate of heat removal—that is, 
upon the temperature and flow rate of the blood, and the 
insulation and temperature difference between skin and 
environment. If the temperature difference is small, heat 
will bo removed so slowly that even large changes of 
blood flow will have little effect on the skin temperature. 
This is illustrated in the figures, in which are plotted 
finger blood flow and Anger temperature against time. 
(Fihger blood flow was measured with the pie thy Bio¬ 
graphic method of Goetz (£) using air transmission. The 
values given are the averages of the flow at systole and 
at the end of diastole. Finger temperatures were meas¬ 
ured with small thermocouples attached with adhesive 
tape, and connected to an instrument sensitive to 0.15 s 0 
and recording at 80-sec intervals. The hand was bare.) 
At a room temperature of approximately 82* C it is ob- 
vidus from Fig. 1 that the finger surface temperature 
bears no relation to Changes of blood flow. The cor¬ 
respondence is scarcely improved at an ambient tempera¬ 
ture of about 21* 0 (Fig. 2). The air movement in both 
these mqwriment* waa the same. 



Time—min 

Fig. 1. Blood flow and akin temperature at 32* C ambient. 
Hand air insulation * 0.54 equivalent clo. 

At about 7° C room temperature, with greater air 
movement, akin temperature follows the blood flow pat¬ 
tern fairly well, as can be seen in the example given in 
Fig. 3. At -34 s C, with a gradient of 55-60° C between 
tlie bare hand and the ambient air, the lag between blood 
flow change and skin temperature change is probably 
negligible; for example, a very minor emotional disturb¬ 
ance may cause a fall of finger temperature of 8° C 
within 2 min; or a few deep breaths, of 3 s C. 

Our experience, exemplified by the figures, is that the 
heat loss rate calculated for the hand should be 12 kg- 
cnl/hr (240 kg-cal/hr/ma) or more, if the akin tempera- 



f : v. t' ■ ( r\' % Time—min 

Fio. 2. Bloijfl flow And «Un tauperaftir* «t 2i* C auUMl 
«•*> air Hi.atatioo.O.M do. 
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Kio. 3. Blood flow and akin temperature at 7* C ambient. 
Hand air Insulation <• 0.30 equivalent clo. 


turo is to follow closely the blood flow changes. It is 
likely that this approximate minimum applies to other 
areas of the body. This boat loss rate corresponds, for 
example, to an air insulation over the bare hand of 0.54 
equivalent clo 1 (insulation unit) and a temperature differ¬ 
ence of 24° C between hand and air; or to a temperature 
difference of 13® C if the air insulation is 0.30 equivalent 
eio. 2 Thus, if the temperature of the hand iB expected to 
fall to 21° 0 the ambient temperature should be -3® 0; 
or 8° C for the higher air movement. If only gross, slow 
changes of blood flow are to be measured, correspondingly 
lower heat loss rates may be adequate. 

Good blood flow rates may be achieved in normal per¬ 
sons even with high gradients, provided that only the 
part under investigation is exposed to the cold, and the 
rest of the body is warm. This can be done by insertion 
of, say*, the extremity of a nude subject into a cold box 
Ul a warm room; or by exposure to a cold room of the 
extremity of *a warmly dressed subject. It is true that 
minute variations of temperature can be measured with 
high sensitivity apparatus, and that these, with some lag, 
might rpprsecmtf biped flow more exactly than do tie ex¬ 
ample* ^given. Such a technique has serious drawbacks, 
and it would appear advantageous to apply the laws of 
hesat transmission in order to amplify and accelerate tem¬ 
perature changes. 

In summary, if direct measurement of blood flow is not 
feasible, and skin temperature ia used instead, the part 
of the body under investigation must lose heat at a rate 

*The do equation Is not strictly applicable to a portion 
Of the body, having been derived for the body as a whole it). 

* Recent determinations with an electrically heated manikin 
give an insulation of the air around the hand of 044 equlva- 
lent do when that of the whole body is 0.82 dor and of 0.30 
equivalent clo when the aVerags for the body la 0.48 dpi 


of more than about 240 kg-cal/hr/m 2 for good corre¬ 
spondence between blood flow and skin temperature 
changes. If local cold stimulus must be avoided, a flow 
method must be employed. 
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The Action of Penicillin on Bacillus subtilis 
Growing in the Absence of Amino Acids 1 

T. H. Hunter and Kathryn T. Baker 

Department of Medicine and the Oscar Johnson 
Institute for Medical Research , 

Washington University School of Medicine, St. Louis 

Gale and his co-workera (£) have reported that Gram 
positive bacteria are able to assimilate glutamic acid from 
the medium in which they are grown and to concentrate 
the free amino acid within the bacterial cell. Gram* 
negative organisms, on the other hand, appear to be un¬ 
able to do so. They further observed that when certain 
strains of Streptococcus faecalis and Staphylococcus 
aureus were exposed to penicillin during the logarithmic 
phase of growth, the ability to concentrate free glutamic 
acid in the resting cell was lost. Subsequently Bellamy 
and Klimek (7) noted that a strain of Staphylococcus 
aureus which had been trained to grow in extremely high 
concentrations of penicillin changed from its usual mor¬ 
phology to that of a Gram-negative coccobacillus and 
acquired the ability to grow in a medium containing no 
amino acids. Gale (2, S ) also found that a strain of 
Staphylococcus aureus trained to grow in a medium defi¬ 
cient in amino acids, acquired pari passu* a considerable 
degree of penicillin resistance. He therefore suggested 
that * 4 penicillin interferes with the mechanism whereby 
certain amino acids are taken into the cell, and that the 
sensitivity of the cell to penicillin is then determined by 
the degree to which its growth processes are dependent 
upon assimilation of preformed amino acids rattier than 
upon their synthesis . y 1 

At least two objections may be raised to this hypothesis. 
In the first place, soma of the Gram-negative coliform 
organisms are inhibited by high concentrations of peni¬ 
cillin, and yet most of them require no amino acids for 
growth (7). Secondly, B. subtilis, a Gram-positive organ¬ 
ism with many strains sensitive to penicillin, has been 
reported in some instances to grow in media containing 
only ammonia as a source of nitrogen (5). 

A search was therefore made for strains of B. subtilis 
which would grow in a synthetic medium devoid of amino 
acids in order to determine whether such Btraiaa would be 
inhibited by penicillin. 

i This investigation was supported by « research grant 
from the Dtvlston of Research Grants and Fellowships of the 
National Institutes of Health, U . 8. P ublic Health Service. 
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The first few strains Investigated grew readily in vari¬ 
ous synthetic media deficient in amino acids, and under 
certain conditions were completely inhibited by penicillin. 
Irregular results were obtained, however, and It eventually 
became apparent that these could be attributed to the 
production of penicillinase by the organisms. 

A strain of B. subtilia (PCI-220-NNRLB-558) (0) was 
finally obtained which did not produce penicillinase and 
which grew readily in a synthetic medium, “Base B M 
(Table 1), containing only ammonium sulfate as a source 
of nitrogen. In this medium the organism was just as 
sensitive to penicillin as it was in a n complete ’ 1 medium 
(tryptose phosphate broth) irrespective of wide changes 
in the age of the culture, the size of the inoculum, and 
the time of reading. (See Table 1.) 


TABLE 1 

Penicillin Sensitivity or Bavillm nubtiUs 
(PC1-22O-NNRL-B-508) 



Inoculum 

18-24-hr culture In B.B. 


In¬ 
hibiting 
concen¬ 
tration 
of peni¬ 
cillin 
u/ml 

Medium 

Amount 

and 

dilution 

Approxi¬ 
mate 
no. of 
viable 
organ- 

Time 

of 

reading 
In hr 


isms 


T.P* broth 

.. .2ml 10~* 

2x10* 

18 

.008 




00 

.008 


.2ml 10* 

20 

18 

.008 


(unwashed) 


90 

.008 

K H.f . 

.2ml 10-» 

10* 

20 

.008 




96 

.008 


.2ml 10-* 

10 

20 

.008 


(washed) 


06 

.008 

T.P. agar .. 

.. .2ml 10-i 

2 x 10* 

18 

.01 




90 

.05 


.2ml 10-* 

6x10* 

18 

.01 


(washed) 


90 

.01 

KB. agar , . 

.1 .2tril 10* 4 

10* 

20 

.01 




96 

.01 


.2ml 10* 

10 

20 

.01 


(washed) 


98 

.01 


* Tryptose phosphate. 

t "Base composition as follows, wt/liter of medium: 
KH* PO* - 4.5 #; NaOH -1.1 g; Pe So* ~7H*0-0.0189 g; 
Mg SO* (anhyrl.) - 0.02 g ; (NH*)» SO* - 0.73 g; glucose - 2.25 
g (autoclaved separately); sodium thloglyeolate - 0.2T g; 
thiamine (subsequently found to be unnecessary for growth) 
-0.00003 g (autoclaved separately) ; nicotinic add (subse¬ 
quently found to be unnecessary for growth) -0.001 g; dis¬ 
tilled HsO to 1000 ml. Adjusted to pH 7.4. 

Determinations of sensitivity to penicillin were carried 
out in fluid media as follows: A known quantity of crystal¬ 
line sodium penicillin G was dissolved directly in the basal 
medium to give an appropriate concentration. Serial 
dilutions were then made in 1 ml volumes so that eight 
tubes, containing concentrations of penicillin varying 
from 0.1$ u/ml ^approximately 0.001 u/ml, were ob¬ 
tained. All tubes inelu&intf a control wane inoculated 
with 0.2 ml of a culture which had been washed three 
saline and resuspended in the basal 
Thetubes were 


incubated at 37° 0 and were observed at intervals for the 
appearance of turbidity. Growth in control tubes was 
usually apparent after 12 hr, and a distinct end point could 
be read after 18-24 hr. 

Agar plates* were also prepared containing similar con¬ 
centrations of penicillin in both the basal medium and 
trypjose phosphate broth. The plates were streaked with 
similar washed iuocula and incubated at 37* C. The ap¬ 
pearance of surface growth was noted, and inhibition waB 
recorded only when no visible colonies occurred. 

Precautions were taken to exclude amino acids from the 
basal medium as completely as possihlfc. Reagent chemi 
cals* were used throughout, and test tubes were acid 
cleaned and capped with aluminum foil. 

In order to determine whether or not this organism 
elaborated significant amounts of amino acids into the 
basal medium, a chemical method for the detection of 
amino acids was employed. By using a modification of 
the ninhydrin method of Moore and Stein (4) it is possi¬ 
ble to detect concentrations of glutamic acid smaller 
than 1 p,g/ml added to the basal medium. Excepting 
praline and hydroxyproline, all of the amino acids as 
well as ammonia, peptides, and many amines form & 
colored product with ninhydrin showing an absorption 
peak at 570 mp,. If the basal medium is aerated for 5 
hr at pH 11.5, most of the ammonia is driven off. After 
neutralization the solution may then be treated with 
ninhydrin and the color measured with a spectrophotom¬ 
eter at 570 mp. When this method was employed, the 
basal medium, thought to be free of amino acids, was 
found to give a blank value equivalent to that obtained 
with 0.5-1.0 pg/ml of glutamic acid. It seems likely 
that most of this color was actually due to residual am 
monia/and in any event the value obtained sets an upper 
limit for possible traces of amino acids in the medium. 

In on experiment in which a washed inoculum of this 
strain of B. sub tills was grown in the basal medium for 
24 hr, samples of the culture were removed at 6-hr in¬ 
tervals for the following determinations: turbidimetric 
roading, dry weight of organisms, count of viable or 
ganisms, and concentration of ninhydrin-reacting sub¬ 
stances in the aerated filtrate. During the first 12 hr, 
when maximum growth took place, there was no. demon¬ 
strable increase in ninhydrin-reacting substances in the 
filtrate, although at 18 and 24 hr, with slowing of growth 
and death of organisms, small amounts appeared. 

After 18-hr incubation there were 200 pg of organisms 
by dry weight in 1 ml of culture. Since there was no 
more than 1 pg of amino acid/ml present in the basal 
medium originally, and since dried bacteria contain an 
* average of 00% protein (A), it is apparent that less than 
1% of the protein synthesised during growth could be 
accounted for by amino acids assimilated from the 
medium. 

It is concluded, therefore, that penicillin inhibits the 
growth of this particular strain of B. anMilii by some 
mechanism other than interference with the assimilation 
of preformed amino acids by the bacterial call, 

• The sgsr was washed $ times overnight in distilled water 

•Except t*r Dlfco ewntuo tbioslycolotfc 
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A Source of Error in Tracer 
Experiments with P 3a 1 

B. A. Rubin 

Biology Department, Brookbaven National laboratory, 
Upton, Long Island 

In dealing with radioactive solutions of high specific ac¬ 
tivity where total phosphorus is small, the amount of P* 
adsorbed on laboratory glassware may become significant. 

An experiment done in this laboratory to measure this 
adsorption and to determine the efficacy of silicone coated 
glassware illustrates the magnitude of the problem. 

A solution of P“ containing about 1 x lO" 4 mg /ml of 
total phosphorus was drawn up once into each of four 
2-ml pipettes, all new and identical except that two had 
been coated with silicone. Each of the pipettes was then 
washed by drawing up 2-ml amounts of distilled water. 
The wash water from each pipette was collected into two 
counting sample cups (1 ml each), evaporated, and the 
number of radioactive disintegrations determined in a 
Nucleomoter. 

Average values, in cpm/ml were: 

Coated IT neon ted 

Wash 1 390 6,000 

Wash 2 110 300 

Wash 3 background 110 

The count in the first wash of the uncoated pipette is 
high and variable, depending on both the P® and P“ 
contents, and can cause serious error where it is not 
suspected. 

To avoid this difficulty, we have adopted several tech¬ 
niques. Wherever possible all counting solutions contain 
a uniform 1 mg/ml of carrier phosphorus at pH 4.6. 
Where less carrier must be used, care is taken to pipette 
as rarely as possible and only in solutions containing as 
much carrier as the procedure permits. When conditions 
are extremely unfavorable, requiring exceedingly low car- 
tier or high pH values, silicone coating of glassware is 
necessary. 

The coating technique we used was modified from 
Johannson and Torek (i). A 2 % solution of 41 DC 200” 
was prepared in pure grade CCl* (the Dow Company 
recommends chlorinated organic solvents). The glass¬ 
ware, preferably new, ia scrupulously cleaned and heat- 

^Aesearefi carried dpt at Breokheven National Laboratory 
under the auspices of the Atomic Snergy Commission. 


dried, completely immersed in the silicone solution, and 
carefully drained. It is then placed into an oven at 90° 

C for 2 hr, to evaporate the solvent. The temperature is 
then raised to 200° 0 for a period exceeding 4 hr but not 
longer than overnight. Detailed experiments on the last¬ 
ing qualities of this type of coating have been done by 
the Dow Company. This treatment caused no detectable 
change in calibration. 

There is another group of compounds which have been 
similarly used, called "silanes" (hydrochlorides of un 
polymerized silicones). These may be vaporized onto s 
glass surface, where they react with the film of moisture 
to form a silicone layer. This process of hydrolysis and 
polymerization is somewhat difficult to control. 

Reference 
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Free Amino Acids and Peptides 
in Frog Embryos 

Chao-t’e Li and Eugene Roberts 

Department of Anatomy , 'Washington University 
School of Medicine, St. Louis 

Relatively large quantities of free amino acids have 
been detected by two-dimensional paper chromatography 
in tissues of the mouse ( S, 4), the human, and the frog 
(Rana pipiens). Each of the normal adult tissues ex¬ 
amined appeared to have a distribution of free amino 
acids characteristic for that tissue. Therefore, it was 
apparent that the ability of these tissues to maintain the 
characteristic distributions of thelw constituents must 
have arisen at Borne time during embryonic or postem 
bryonic development. 

As the first step in the study of the free amino acids 
of frog tissues at various stages of development, ex¬ 
aminations were made of alcohol extracts of material 
ranging from ovarian eggs to larvae, corresponding to 
stages 0, 1, 2, 8, 10, 12, 17, and 21 according to Bhumway 
(£). In the last stage examined, there was still no intake 
of food from the environment. Exactly 260 mg of fresh 
weight of material was placed in ethyl alcohol, the final 
concentration of alcohol being 70-73%. The materia) 
was homogenised in a ground glass homogenizer, centri¬ 
fuged, and the supernatant fluid decanted and evaporated 
to dryness. The residue was thoroughly extracted with 
3 ml of distilled water. This was then dialyzed against 
10 ml of distilled water in a rocking dtalyser (5). One 
half of the dialyzate was evaporated to dryness and 
placed on paper for chromatography (1), and the other 
half was chromatographed after hydrolysis with fi N 
HOI. 

In none of the stages studied were there detectable 
quantities of free amino acids in the extracts. Several 
ninhydrin-reactive materials were located at spots which 
disappeared, on add hydrolysis, and which did not corre¬ 
spond in position to any known amino acids. These ware 
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probably peptides which gave rise to the small quantities 
of aspartic add, glutamic acid, glycine, and alanine which 
were detected in most of the samples after acid hydrolysis. 
The quantities of glutamic add were greater than those 
of the other amino acids in the hydrolysates. 

These results indicate clearly that the ability to main¬ 
tain the relatively high content of intracellular amino 
adds of the adult frog must appear at some time after 
the last stage of development examined in the present 
study. 
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The Interaction of Antimalarials with 
Nucleic Adds 1 

I. Acridines 

J. Logan Irvin and Elinor Moore Irvin 

II. Quinolines 

Frank 5. Parker 

Department of Physiological Chemistry, 

The Johns Hopkins University 

School of Medicine, Baltimore t 

• 

From studies of the physicochemical factors which are 
of possible importance in the therapeutic activity of anti- 
m&lariols, we have secured data on the ionization expo¬ 
nents of quinoline and acridine derivatives (8-10), and 
have reported briefly on the interaction of these com¬ 
pounds with plasma proteins (11) t The present prelim¬ 
inary report on the interaction of these agents with nu¬ 
cleic acids is of interest not only from the standpoint of 
the possible relationship* to antimalarial activity, but also 
because soeh interactions provide a plausible basis for 
explaining the effect of ribonucleic add in reversing the 
inhibition by acridines of the growth of certain bacteria 
(It; IS), yeast (MP)., >a»d -bacterial viroses (5,-W). In 
addition, these studies provide procedures which may be 
useful in investigating the structure of nucleic acids and. 
the action of the nucleases. 

Yeast ribonucleic add from the Schwarz Laboratories 
was purified by the procedure of Fletcher et al. (7) and 
Vischer and Ohargaff (IS), particular attention being 
paid to removal of inorganic salts by dialysis because of 
the large effect of ionic strength upon the interaction. 
Microanalysis of a sample dried at 110? 0 gave* N 
(Dumas) 16.1%; P (Pregl-Lieb) 8.8%. 

* Supported in part by a grant trod the Penrose Ftthd of 
49 m Amertsaa PhfioeepUeai goeiety. 



Fia. 1. Absorption spectra for fSN-12808, 

In Fig. 1, absorption spectra are presented for 2-metb- 
oxy- 6 - chloro * 9 - (1 'methyl -8'-diethylamino-octylamino) -ac¬ 
ridine (8N-12808)* in aqueous solutions buffered with 
phosphate at pH 6.0 (IY2 = 0,1) in the absence of and 
in the presence of sodium ribonucleate at a concentration 
(0,5 g/100 ml) at which the change in absorption is com¬ 
plete. Half-maximum transformation at this pH and 
ionic strength is attained when the concentration of ribo¬ 
nucleate (calculated as the anhydrous acid) is 0.018 g/ 
100 ml. The interaction is stronger at lower ionic 
strength, and is somewhat stronger at pH 6.4 than at pH 
6.0. Similar changes in spectrophotometric absorption in 
the presence of nucleates are obtained with 7-ch]oro*4-(l r - 
methyM'-dicthylaminobutylamino)-quinoline (SN-7018). 
That the change in absorption is an indication of some 
type of bond between the nucleate anion and the anti- 
malarial has been verified in the case of the acridine by 
determining the effect of sodium ribonucleate on the dis¬ 
tribution of the acridine between organic solvents and 
buffered aqueous solutions. 

In order to evaluate the interaction more exactly, we 
have used an adaptation of the mathematical treatment 
of the ionization of polyvalent acids proposed by Simms 
(18) and by ton Muralt (16), A maximum number, tn, 
of qttteoltog or acridine ligands can combine with owe 
molecule of nucleic acid, the nucleic add being present 
in a total molar concentration, T*. For the special ease 
in which ^interacting groups in the polyvalent molecule 
ere Mentical, and electrostatic interference between suc¬ 
cessively bound ligands is negligible, the binding reaction 
can be treated as if it consisted of the combination of 
one molecule of ligand per molecule of monovalent nucleic 
acid of total molar concentration, T, with T = mT*. The 
process is represented as 

y+L-*NL (l) 

An association constant, W, is defined by the equation i 

• The*. er. tb. cod* aambert .mptoyed in aw paMhattea. 
A tHtnoy of MtfmalarUt dmgt, iTf, T. Wledogt*. 
Ann Arbor, 1047, ' 
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in which brackets are used to represent molar concentra¬ 
tions at equilibrium, N is the free monovalent nucleic 
add, L is the free ligand, and NL is the complex con¬ 
sisting of one monomeric molecule of ligand combined 
with one reacting center on the nucleic acid, this center 
being considered as if it were a separate monovalent mole¬ 
cule. The constant, fc', is the intrinsic constant for the 
special case defined above. This constant can be evalu¬ 
ated spectrophotometrically essentially as described by 
Clark et. al. (7, 17) for the Interaction of nitrogenous 
bases with metalloporphyrins. The equation is: 


-log [N] = 



5(7) 1 -Z?)1 

<»,-*>,> I 


= log fc' + log 


Z>-£ # 


(3) 


In which S is the molar concentration of total ligand 
which is kept constant during the scries of measurements; 
D x is the optical density of the solution when nucleic acid 
is absent, V 2 is the optical density when the concentration 
of nucleic acid is sufficiently large to cause complete 
binding of the ligand, and V is the optical density at 
some intermediate point at which both species L and NL 
are present. 

Inasmuch as Michaelis and Granick (IS) have sug¬ 
gested that the polymerized forms rather than the mono¬ 
meric species of certain basic dyes, such as methylene 
blue, interact with polyvalent anions of the chondroitin 
sulfate type (but presumably not with nucleate anions 
according to these authors), it was desirable to formulate 
the possible combination of N with the dimeric species 
of ligand. The processes would be: 

L 2 *z2L;N + 2LUnL 9 (4) 


An association constant for the latter process can be ex¬ 
pressed ns: 




( 5 ) 


-log [tf]=-log 



= log *>' + log 


2S(D-D,)‘ 


( 8 ) 


In order to compare the data for SN-12808 with that 
for SN-7618 on the same graph, it is convenient to define 
a degree of dissociation, a be [L]/B. Equations (3) and 
(6) then take the form of (7) and (8), respectively: 


- log [JT] = - log [T - ff (1 - o) ] = log If' + log t-2- (7) 

-logty]=-log[r- ®(l-a)]=logfc' + ldgy|i (8) 

The values of T can be calculated for each equilibrium 
position provided that the molecular weight of the nucleic 
add (from which T* is calculated) and the value of m 
are known since T = ml*. The molecular weight of the 
preparation which we have used is unknown. Neverthe¬ 
less, valuable preliminary tests of the relationships given 
above can be made by expressing the total concentration 
of nucleic add In terms of the gram-atoms of nucleic add 
phosphorus per liter of solution (P). The values of T* 


and T are related to P by the equation: 

T = <nT* = roP/p (9) 

in which p is the number of phosphorus atoms per mole¬ 
cule of nucleic acid. Although absolute values of m and 
p cannot be calculated when the molecular weight is un¬ 
known, the ratio, m/p, can be determined from the spec- 
trophotoraetric data and the percentage of phosphorus in 
the nucleic add. 



Pm. 2. Interaction of nntlmnlnrlalB with sodium Hhnnn- 
cteate at pH 5.85. SN-12808 : p/2 « 0.1; O SN-12808 : 

r/2 " 1*05 with sodium chloride ; £ SN-12808 : p/2 « 1.06 
with muicnealum sulfate; e 8N-7018 : p/2 *0,1. Theoretical 
curves drawn according to equation (7) : curve 1, log Jfe'« 
3.79 ; carve 3, log k'-S.Ol ; curve 5, log k'» 2.50, Theoreti¬ 
cal curves drawn according to equation (8) : curve 2, log 
k* m 8.19, 8 - 4 x 10-" M ; curve 4. log k’ - 7.21, 8 « 5 x 10-* n. 

In Fig. 2, data for the interaction of SN-12868 and 
8N-7018 with yeast ribomieleate are compared with the¬ 
oretical curves drawn according to equations (7) and 
(8); the valucp of the constants are given in the legend 
of this figure. The values for these constants are tenta¬ 
tive pending further work with nucleic acid preparations 
of proven homogeneity and known molecular weight. 
However, the present data permit comparison between 
the relative strengths of interaction of the quinoline and 
acridine derivatives. In both cases the interactions ap¬ 
pear to correspond to the combination of monomeric 
rather than dimeric ligand with the nucleic add. The 
constant for the binding of SN-12868 with the nucleic 
add is approximately 7.0 times that of SN-7618 at the 
same pi? and ionic strength. 

Increase in ionic strength from 0,1 to 1.06, either by 
addition of sodium chloride or magnesium sulfate, pro- 
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duced a 19.5-fold decrease in the binding of SN-12868 by 
the ribonucleate anion. This suggests that the interac- 
tions of cationic acridines and quinolines with polyvalent 
nucleate anions involve, at least in part, the phenomenon 
treated theoretically by Panielli (8). However, the 



Fig. 8, Change In binding of BN-12868 by ribonucleate 
during Incubation of the latter in 0.5 N NaOH at 24“ C (•), 
and in 0.05 N NaOH at 37 6 C (O). 

difference in binding of SN-12868 and 8N-7618 sug¬ 
gests that forces such as hydrogen bonding and van der 
Wauls ; forces, are involved in addition to coulombic 
forces. The interactions reported here should be com¬ 
pared with those between nucleic acids and streptomycin 
which have been described by Cohen (£), and von Euler 
and Heller ( 4) . 

That the interaction of these antimalarials with nucleic 
acids is dependent upon the molecular size of the nucleic 
acids is suggested by experiments summarized in Fig. 3. 
Ribonucleic acid was incubated in aqueous solutions of 
sodium hydroxide. At intervals, aliquots of the solution 
were transferred to phosphate buffer, HC1 equivalent to 
the alkali in the aliquot was added, SN-12868 was intro¬ 
duced, and the mixed solution was diluted with phosphate 
buffer in such manner that in every case the solution was 
4x10"* m with respect to BNd.2808 and contained the 
equivalent of 0.040 g of ribonucleic acid per 100 ml. 
Final pH was 5.9 in each case. Optical densities were de¬ 
termined at wavelength 426 *np. The progressive increase 
in optical density (Fig. 8) corresponds tg progressively 
diminished binding of SN-12868. The rate of change in 
0.5 N NaOH at 24° C was much greater than the rate in 
0.05 N NaOH at 37* O, but after 20 hr the optical densi- - 
ties of these two solutions appeared to be approaching an 
equivalent limiting value, which was less than the optical 
density (0.394) that would have been observed in the 
complete absence of binding of SN-12868. The bridging 
phosphate ester linkages of nucleic adds undergo hydro- 
lyto cleavage in alkaline solution, and these experiments 
suggest that the binding of acridine derivatives can be 
used as an indirect measure of such cleavage. Application 
of these observations in the study of the action of various 
nuclease* is suggested. 
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A Rationale for Plasma Therapy 
in Poliomyelitis 


Robert M. Eaton and Albert G. Rower 

Sunshine Sanatorium, Grand Rapids, Michigan, and 
Los Angeles General Hospital, Lot Angeles, California 

During the 1048 epidemic of poliomyelitis in Los Angeles, 
a research program was suggested by one of us (R.M.E.), 
and initiated by both, in which it was observed that 
the serum albumin level was frequently lower t-hnn nor¬ 
mal, and that them seemed to be a correlation between 
the degree of reduction and the severity of the disease* 
Because of the importance of serum albumin in main¬ 
taining the normal osmotic pressure of blood and of the 
osmotic pressure in regulating the equilibrium of tissue 
fluids, and because of the possibility that edema of the 
cord may contribute to the pathogenesis of the paralysis 
in poliomyelitis, the suggestion was made that a detailed 
study be conducted to determine: 1) the alterations in 
serum proteins which occur during the course of the dis¬ 
ease, and 2) the effect on both the serum proteins and the 
neurologic residual of paralysis as a result of intensive 
administration of plasma. The results obtained were 
highly suggestive of a beneficial effect of plasma and will 
bd repotted in the near future, with the Los Angola# 
County Hospital group. It was thought desirable to 
describe briefly the theory that prompted the suggestion, 
in the hope that other workers will fee stimulated to e** 
plere these therapeutic poesibiHttee. 
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Because the spinal cord is encased in a bony frame¬ 
work, it is particularly susceptible to injury from the 
edema which consistently accompanies the virus-induced 
nerve cell damage. Any decrease in serum albumin 
caused either by accelerated protein catabolism or dia- 
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Fig. 1. It 1 h probable that the shock state may be pro¬ 
duced by u type of chain reaction initiated at miy one of the 
above 12 points. Hemorrhagic shook emanates from point 
4 rb an actual Iohb of blood volume, lufectbum Klioek would 
start at point 6 with emlothelinl damage. 


turbed protein synthesis and occurring as one of the 
systemic manifestations of the disease would loweT the 
plasma osmotic pressure and accentuate the spinal cord 
edema. Conversely, if the serum albumin (and osmotic 
pressure) were raised by the administration of plasma, 
the process might be reversed. 

In uncomplicated hypoproteinemia, the osmotic pressure 
of plasma proteins must be reduced to approximately 20 
mm of mercury or below before edema is clinically evi¬ 
dent. However, when factors tending to precipitate shock 
are operative, much more moderate decreases in plasma 
protein may become important in the pathogenesis of gen¬ 
eralized or local edema. For instance, it has been shown 
by Eaton ( 2 ) that after an acute hemorrhage iB induced 
in dogs, a degree of pulmonary edema rapidly develops 
which scorns to be the result of a shock syndrome, in 
which there is a decrease in cardiac output, slowing of 
the circulation, drop in blood pressure, anoxia, endothelial 
damage, increased permeability of endothelium, transuda¬ 
tion of fluid through the impaired endothelial structure, 
lowering of serum protein levels, and subsequent pulmon¬ 
ary edema (Fig. 1). In these experiments only a slight 
lowering of the already depressed serum albumin level 
existent in the shock state was necessary in one group of 
hemorrhaged dogs to accelerate significantly the accumu¬ 
lation of free fluid in the pulmonary tissue as compared 
with a control group of hemorrhaged dogB in which no 
added alteration of serum albumin was made. In polio¬ 
myelitis, on the other hand, it is postulated that the 
virus-induced infection itself may initiate & similar, al¬ 
though at first local, shock syndrome (infectious shock) 
at point e in the diagram, and cause damage to capillary 
endothelium, vascular congestion, and anoxia, and con¬ 
sequently lead to the transudation of fluid across the im¬ 
paired endothelium and into the cord. Here again, slight 
lowering of the plasma osmotic pressure, caused by in- 
oreased protein eataboliam and disturbed protein synthesis 
as a systemic manifestation of the disease, could lead 


to a prompt increase in both the degree and the rate at 
which the local edema of the cord develops. 

According to reports in the literature, plasma in mod¬ 
erate amounts has been given in the past to patients with 
poliomyelitis, with the idea of introducing the immune 
bodies of the globulin fraction. In one brief study re¬ 
ported by Bamum and Bower in 1944 (X), large amounts 
of plasma were intravenously administered with appar¬ 
ently good results, but again with the apparent intent to 
administer y-globulin. The present paper suggests that 
the therapeutic value of plasma in poliomyelitis may more 
correctly bo attributed to the albumin fraction and to its 
effect in reducing cord edema. Our preliminary results 
with a group of 76 Eos Angeles patients, soon to be re¬ 
ported, are in accord with this hypothesis and indicate 
that generous amounts (600 to 900 ml daily) are required. 
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A Photoelectric Microdensitometer 

M. A. Lestler 1 and H. A. Charipper 

Department of Biology , Washington Square College of 
Arts and Science, New York University 

The photoelectric microdensitometer was designed for 
the somiquantitative determination of colorimetric histo 
and cytochernical tests. Visual judgment of color inton 
sity is not sufficiently reliable to permit comparison of the 
degree of color in experimental and control preparations. 
This instrument completely eliminates the subjective ele¬ 
ment of judging color intensities. It is possible to dupli 
cate the values’ of different sets of tests (e.g. the Foulgen 
reaction) on comparable material within ± 2%. 

The miorodensitometer is based on ideas from a number 
of sources, particularly Dempsey et ah (£), and Stowell 
(£). Although this densitometer assembly is not new in 
principle, its adaptability and reliability make it a valu¬ 
able laboratory aid. 

As shown in Fig. 1, the assembly consists of a mon¬ 
ocular microscope, a Leitz Makam with a ground glass 
back, and a model 512 Photovolt Electronic Photometer 
with a Type C search unit. The phototube search unit is 
mounted in a traversing mechanism which can be used to 
move the search unit over the ground glass screen. This 
assembly in turn is mounted on an arm that can be moved 
up and down a vertical post. The arm is counterbalanced 
by a spring-activated steel tape fixed to the top of the 
vertical post and is provided with a collar which will lock 
the assembly at any height by a simple set screw. Details 
of the arm and traversing mechanism are shown in Fig* 2. 

Illumination of the Kohler type, as described by Cope* 
land (1), is provided by any good .microscope lamp and 

S. Public Health Service, National Cancer Institute 
Research Fellow. 
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Kig, 1. Photoelectric Microdensltoroeter. 1. flprlng-ac- 
t Ira ted counterbalance. 2. Arm and traversing mechanism. 
3. Search unit. 4. Leltz Mctfcam. 5. Side ocular. 6. Plio- 
tovult Electronic Photometer. 7. Polaroid variable density 
screen. 8. Color Alter. 0. Lamp housing. 

may be adjusted in intensity by a polaroid variable den¬ 
sity screen.® A 90° prism 31 cemented with Clarite on the 
flat surface of the microscope mirror converts the light 
reflecting system, in effect, into a first surfaco mirror. 
This eliminates the secondary light images formed by an 
ordinary or back-silvered mirror. 

The Leitz Makarn is used because it can be mounted 
directly on the microscope, thereby reducing the bulk of 
tiie equipment. Furthermore, this camera is equipped with 
a side ocular for critically centering and focusing the 
material to be studied. Almost any other type of micro¬ 
scope camera with a ground gloss back can be used. 

The traversing mechanism for the phototube was made 
from two rack and pinion units mounted at right angles 
to one another {see Fig. 2). The search unit was clamped 
between two brass plates held together by four long 
screws. The lower plate was provided with an opening 
slightly larger than the window of the search head, allow¬ 
ing the use of interchangeable aperture cones which adapt 
the instrument for reading areas of different sizes. These 
aperture cones used in conjunction with low, medium, and 
oil immersion objectives make possible densitometrle read¬ 
ings of large tissue areas, individual cells, and even small 
areas within a cell such as the nucleus. 

In practice, a Alter complementary to the color of the 
material studied was used, The light intensity was ad¬ 
justed by means of the polaroid screen until the light pass¬ 
ing tlGro^ a dear area of the Slide read approximately 

9 Available from Army surplus material. 


100 on the densitometer. Then the densitometer was ad¬ 
justed so that it read exactly 100. The section to be 
studied was then placed in the field, accurately foeused, 
and read by recording the meter readings of specific areas 
of the section as the search unit (with suitable aperture 
cone) was placed over parts of the section as seen on the 
groigid glass. Since the initial adjustments constitute 
the blank readings corresponding to 100% transmission, 
the subsequent determinations were read as percent trans¬ 
mission. Where controls give the approximate zero point 
of color intensity, it is possible to adjust the control read-' 
tag either to 100% or 0% transmission, and then read the 
experimental results corrected for the controls. 



search unit. 8. Springs. 4. Brass block. 0. Transverse 
rack and pinion. 0. Longitudinal rack and pinion. 7. 
Clamp for search unit. 8. Search unit. 9. Cord to elec¬ 
tronic photometer. 

Headings do not correspond to specific absorption as 
determined by spectrophotometry where transmission of 
individual wavelengths can be determined. They can, 
however, be used as an accurate estimate of the intensity 
of a reaction provided that experimentals and controls 
are prepared under exactly comparable conditions. The 
readings may be used to construct charts and graphs which 
facilitate the interpretation of results. 

The photoelectric micro densitometer can be adapted for 
use in microchemical determinations. Depression slides 
may be used as microcuvettes to prepare a set of standards 
of known concentration for calibration of the instrument. 
Curves of these values may be plotted and used to deter¬ 
mine unknown concentrations as found in densitometer 
readings of tissue sections, if the difference between 
thickness of microcuvettes and of tissue sections is knows. 
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Remote Pipetting Apparatus for Dispensing 
Solutions of Radioisotopes 1 

Minuet Tubu, Claire Doan, and Raymond L. Libby 

Radioisotope laboratory, Vataram Administration Cantor, 
Los An galas 

A remotft pipetting apparatus for the handling of 
‘$xot” solutions is an essential item of equipment for 
dfeost radioisotope laboratories. Although equipment for 
this type of operation has been reported (I) and is 
available commercially (£), the remote pipetting appara¬ 
tus herein described is more versatile, provides truly 


of the angle block, B. The micrometer screw, F, is con¬ 
nected to the syringe plunger, 6, by means of a tubular 
rubber connection, B, The tip of the syringe is connected 
to a glass y tube, L One of the forks of the V tube is 
connected to the manometer, J, the other to stopcock, K. 
This stopcock is used to adjust the level of the colored 
water in the manometer. One-mm cross-section paper, L, 
is mounted on a hoard behind the manometer. The other 
end of the manometer is connected to a straight length 
of glass tubing, Af, by rubber tubing, N. The glass tub¬ 
ing in turn is connected to a 1-ml pipette, O. The sup¬ 
ports, P f and the horizontal rod, Q , can be set at any 
height or length. The container or receiver, B, can be 
set behind lead bricks (not shown). 



Fio, v 


remote operation, and can be assembled from materials 
more generally available in the laboratory. 

The unique feature of this apparatus is the use of & 
manometer for measuring the delivered volume. This 
manometer can be placed at the site of the operator at 
any desired distance from the radioactive source. Fill¬ 
ing and delivery from the pipette are accomplished by 
turning a micrometer screw attached to the plunger of a 
syringe. The complete apparatus is shown in Fig. 1. 

Hie mdin parts of the apparatus are the aluminum 
syringe assembly, the manometer and scale, the pipette 
support and arm, and the pipette. The syringe assembly 
consists of a syringe, A,. (20 ml), held by a strap, B, in 
a semicircular grooved support, 0} tills support can he 
moved forward nr backward on rod #, between the arms 

* Published wlth permissloii of the Chief Medical Director, 
Departmentof Mefliciue and Surgery, Veterans Administra¬ 
tion, who sworn** no responsibility for the opinions «*- 
pressed or eouclttsions drawn by the authors. 


Accurate delivery over the entire range of the ma¬ 
nometer can be obtained only by using carefully selected 
tubing of uniform bore for the manometer and by having 

TABLE 1 

VOLTTWBS DELIVERED PROM THREE DIFFERENT SECTIONS Or 

thb Manometer Scale and the Bbprod c cib t l tt r 
of Replicate Samples* 


Section of 
manometer 
used 

Weight 

of 

water 

delivered 

Volume 

of 

water 
delivered 
at 25* C 

Standard 
deviation a 

mg/100 mm 

mi/100 mm 


215 mm-155 mm 

506 

0,558 

±0.003 ml 

155 mm- 05 mm 

665 ’ 

0.665 

. , i 0,014 ml 

80 mm- 3d mm - 

560 

0462 

10.007 ml 



' © iSo" 

10.01 ml 


4 Four replicate* determined for Mich section. 
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*11 joint* leakproof. If uniform bore tubing is not used, 
then selected sections of the manometer should be used 
for delivery. The apparatus is calibrated by weighing 
portions of water delivered by the pipette, Table 1 shows 
the reproducibility of the volumes delivered, using vari¬ 
ous sections of a manometer made from random labora¬ 


tory glass tubing. The accuracy of the delivered volumes 
compares favorably with that obtained by hand pipetting 
from calibrated pipettes. 
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NEWS 
and Notes 

E. N. da C. Andrade, Quain Pro¬ 
fessor of Physics at the University 
of London, will become director of 
the Royal Institution of Great Brit¬ 
ain and resident professor and direc¬ 
tor of the Davy Faraday Research 
Laboratory on January 1. Dr. An¬ 
drade succeeds E. K, Rideal, who 
has been head of the Royal Institu¬ 
tion since 1946. 

Ju Chin Chu, director of research 
in the Department of Chemical En¬ 
gineering at Washington University, 
St. Louis, has been appointed asso¬ 
ciate professor of chemical engineer¬ 
ing at Polytechnic Institute of 
Brooklyn. 

Raymond B. Montgomery, of 

Woods Hole Oceanographic Institute, 
has been appointed professor of 
oceanography at Brown University, 
Providence, Rhode Island. This is 
the university’s first course of in¬ 
struction in oceanography. 

P. B. Medawar, professor of zool¬ 
ogy at the University of Birming¬ 
ham, England, has been appointed 
John M. Prather Lecturer in Biology 
at Harvard University this fall. 
During the first three weeks of No¬ 
vember, Dr, Medawar will give a 
series of six lectures on " Growth, 
rndivlduality, and Ageing." 

Charles M. Slack has been made 
technical director of the Westing- 
house Electric Corporation's Atomic 
Power Division, which i# now work¬ 
ing on an atomic power plant for 
naval ship propulsion in cooperation 
with the Argonne National Labora¬ 
tory of Chicago. 

Howard A. Jones has been named 
assistant director of laboratories for 
U. S. Industrial Chemicals, Inc,, New 
York City. He will be located at the 
research and development labora¬ 
tories in Baltimore. 

Victor A, Oreulach. botaidst in 
the Department of Plant Physiology, 


Agricultural and Mechanical College 
of Texas, has been appointed asso¬ 
ciate professor of botany at the Uni¬ 
versity of North Carolina, Chapel 
Hill. 

H. Lowell Olson, former Univer¬ 
sity of Wisconsin physicist, has 
joined the staff of the Applied Phys¬ 
ics Laboratory of Johns Hopkins 
University at Silver Spring, Mary¬ 
land. 

Visitors to U. S. 

Christopher Howard Andrewes, 

head of the Department of Bacteriol¬ 
ogy and Virus Research, National In¬ 
stitute for Medical Research, Hamp¬ 
stead, London, will lecture at the 
Harvard Medical School, November 
3, 8, and 10. The lectures, to be pre¬ 
sented under the Edward K. Dunham 
Lectureship for the Promotion of 
the Medical Sciences, will deal with 
the subject of viruses. 

Carl F. von Weizsacker, profes¬ 
sor of physics at the University of 
Gottingen and at the Max Planck In¬ 
stitute, has arrived here to spend the 
fall and winter quarters as Alexander 
White Visiting Professor at the Uni¬ 
versity of Chicago. Dr. von Wciz- 
slicker will present a scries of public 
lectures on "The Modern Concept of 
Nature" and teach on the staff of 
the university's Committee on Social 
Thought. 

Margaret Hardy, of Strangcways 
Laboratory, Cambridge, England, 
will be a guest research worker in the 
Tissue Culture Laboratory of the 
University of Texas Medical Branch, 
Galveston, in January, 1950. Dr. 
Hardy plans also to visit the Derma¬ 
tology Laboratories of Harvard 
Medical School at the Massachusetts 
General Hospital, Boston. 

Attilio Rampoldi, Italian surgeon 
and specialist in physical medicine at 
the University of Rome Clinic, has 
begun five months' study at the Co¬ 
lumbia University College of Physi¬ 
cians and Surgeons. Brought here 
through efforts initiated by the Pos¬ 
ter Parents Plan for War Children, 
Dr. Rampoldi will study the most 
reeent techniques for treating dis¬ 
abled children. The university con¬ 
tributed a scholarship and the Co¬ 


lumbian Civic Club of Newark pror 
vided $3,000 toward Dr, Rampoldi 's 
traveling and living expenses. 

Gerhart Kessler, visiting instruc 
tor from Stuttgart Institute of Tech 
nology, Germany, is studying pro 
cedures of engineering education ai 
Illinois Institute of Technology this 
month. Dr. Kessler is also engaged 
in electrotechnical research at Stutt¬ 
gart Institute. His visit here is 
being sponsored by the U. S. Office of 
Military Government for Germany 
and the Federal Security Agency's 
Office of Education. 

Grants and Awards 

The Farrer Memorial Medal for 
1949 has been awarded to W. L. 
Waterhouse, research professor of 
agriculture at the University of Syd¬ 
ney, Australia. Dr, Waterhouse re 
ceivod the medal in recognition of his 
research on wheat diseases and their 
control. 

The Jane Coffin Childs Memorial 
Fund for Medical Research granted 
to Gray H. Twonibly, Department of 
Cancer Research, College of Physi¬ 
cians and Surgeons, Columbia Uni 
versify, $5,000 for studies on the 
selective localization of radioactive 
estrogens and allied substances in 
normal and cancer-bearing tissues. 
It was erroneously stated in the 
August 19 issue of Science that this 
grant had been made to Frances L, 
Haven, Biochemistry Department. 
University of Rochester School of 
Medicine and Dentistry. Dr. Ha¬ 
ven’s grant of $3,000 was for studies 
on the storage and mobilization of 
fat in tumor-bearing rats. 

The Dalian Foundation of New 
York has awarded a research fellow¬ 
ship to Albert 8. Gordon, associate 
professor of biology at New York 
University. Dr, Dazian will conduci 
research on mechanisms underlying 
the effects of endocrine factors in 
hemopoiesis. 

Theodore Koppanyi, professor of 
pharmacology and materia inedica, 
Georgetown University School of 
Medicine, has been elocted an honor¬ 
ary member of the Society of Phar 
macology and Therapeutics of the 
Argentine Medical Association, 
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Fellowships 

The Medical Fellowship Board 
of the National Research Council 

is now accepting applications for 
postdoctoral research fellowships for 
1650-51 under the following pro¬ 
grams : 

National Research Fellowships in 
the Medical Sciences, supported by 
grants from the Rockefeller Foun¬ 
dation, provide opportunities for ex¬ 
perience in research in all branches 
of medical science. They are open 
to citizens of the U. S. or Canada 
who hold the M.D. or Ph.D. degree. 
As a rule, candidates should be un¬ 
der SO years of age. 

Welch Fellowships in Internal 
Medicine , also supported by the 
Rockefeller Foundation, provide a 
prolonged period of advanced train¬ 
ing to persons of proven research 
ability. They are open to physicians 
under 40 years of age who are citi¬ 
zens of the U. S. 

Fellowships in Poliomyelitis and 
related fields are supported by the 
National foundation for Infantile 
Paralysis*, Inc. They provide train¬ 
ing and experience in the study of 
virus diseases, and in any field con¬ 
tributing to progress in orthopedic 
surgery. Candidates for fellowships 
in virus diseases must hold the M.D. 
or the Ph.D. degree. Fellowships in 
orthopedic surgery are open only to 
graduates in medicine who have com¬ 
pleted one or more years of hospital 
work in cliucal surgery. Applicants 
must be citizens of the U. 8. and, as 
a rule, should be under 80 years of 
age. 

Senior Fellowships tn Poliomyelitis 
and related fields are also available 
under grants from the National 
Foundation for Infantile Paralysis, 
Inc. They provide, for persons of 
proved research ability, opportunity 
for advanced training and research 
in the fields of clinical neurology, 
epidemiology, orthopedic Burgery, 
pediatrics, and virus diseases. Ap¬ 
plicants must be U. S. Citizens under 
40 years of age. Renior fellowships 
In the field of virus diseases are open 
to physicians and to holders of the 
doctorate in the basic sciences; ap¬ 
plicants in the four other fields must 
be graduates in medicine. 
Fellowship* in Anesthesiology 


have been made available by a grant 
from the American Society of Anes¬ 
thesiologists, Inc. They are de¬ 
signed to relate the disciplines of 
anatomy, biochemistry, pharmacol- 
ogy, physics, and physiology to prob¬ 
lems of clinical aoest^sin. Appli¬ 
cants must have the M.8. degree and 
at least one year of hospital experi¬ 
ence. 

Fellows will be appointed at a 
meeting of the Medical Fellowships 
Board early in March, 1950. Ap¬ 
plications for consideration at this 
meeting must be filed before Decern - 
her 1 , Appointment may begin at 
any date determined by the board. 
For further information address the 
Secretary of the Medical Fellowship 
Board, National Research Council, 
2101 Constitution Avenue, N.W., 
Washington 25, D. C. 

The Solvay Process Division of 
Allied Chemical and Dye Corpora¬ 
tion has established two graduate 
fellowships for research on additives 
to concrete at the Engineering Ex¬ 
periment Station of the University of 
Kentucky, Lexington. The studies 
will be directed principally toward 
increasing the workability of con¬ 
crete through chemical additives. 

Meetings and Elections 

A symposium on Tropospheric 
Wave Propagation, sponsored by 
the XT. 8. Navy Electronics Labora¬ 
tory at Ban Diego, was held at the 
NEL laboratory on Point Loma dur¬ 
ing the week of July 25-20. Organ¬ 
ized by Charles R. Burrows, director 
of the School of Electrical Engineer¬ 
ing at Cornell University, Ithaca, 
New York, the symposium attracted 
between 50 and 60 specialists in this 
branch of science, from the U. S,, 
Alaska, and Europe. 

Following addresses of welcome by 
Rawson Bennett, 'diroctor of NEL, 
and J. F. Maxfield, chief scientist, 
representatives of various govern¬ 
ment facilities conducting radio wave 
propagation experiments gave talks 
on the work in progress at their vari¬ 
ous establishments. 

The scientific papers which fol¬ 
lowed were divided into two matin 
groups—*thoee having to do with at¬ 
mospheric refraction and those hav¬ 


ing to do with scattering. An ad¬ 
ditional session was devoted to 
hydrometoors and atmospheric ab¬ 
sorption. A final session consisted of 
a lively discussion on topics sug¬ 
gested by participants of the sym¬ 
posium during the earlier sessions. 

It was generally agreed that the 
size of the group was ideal for the 
informal personal participation which 
contributes so much to the develop-* 1 
ment of science. |An informal dinner 
at tho Admiral Kidd Commissioned 
Officers Mess, and an all-day in¬ 
spection trip to the Falomar Astro¬ 
nomical Observatory added to the 
enjoyment of the participants and 
contributed to the free discussion of 
the subject matter of tho confer¬ 
ence among the visiting scientists. 

During sessions on refraction, the 
dtrta Obtained by tho NEL on propa¬ 
gation over water in the San Diego 
area and in propagation over the 
desert in Arizona were presented 
and discussed at length, together 
with tho data obtained by the Elec¬ 
trical Engineering Research Labora¬ 
tory of tho University of Texas on 
tho angle of arrival of microwaves, 
both in the Arizona desert and along 
the Gulf of Mexico. These and other 
data were interpreted theoretically on 
the baBis of the relation of the verti¬ 
cal gradient of the index of refrac¬ 
tion to the laws of radio wave propa¬ 
gation. Methods and difficulties of 
obtaining the meteorological data 
from the radio data were also pre¬ 
sented. 

After the presentation of data on 
the fluctuations and scattering of 
radio waves in the atmosphere, col¬ 
lected by members of the Naval Re¬ 
search Laboratory and the NEL, 
Henry G. Booker and William B, 
Gordon, of the School of Electrical 
Engineering at Cornell University, 
presented their theory of atmospheric 
scattering. This new theory may ex¬ 
plain the deviations of long distance 
tropospheric propagation from that 
expected on existing theories. While 
it is still in the formative stage, 
many of the consequences of the 
theory were discussed, and experi¬ 
ments for testing it were described* 
C. '% BtmaoWB 

Tho Theory and Organisation of 
CompHcatod Automata will be the 
subject of a series of lectures to be 
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presented December 12-16 at the 
University of Illinois by John von 
Neumann, of the Institute for Ad* 
vanced Study. The program follows 
the series presented at the university 
last year by Douglas R. Hartree, 
British physicist. 

The American Meteorological 
Society will hold its 30th anniversary 
meeting in St. Louis, January 3-6, 
The first two days will be devoted to 
a symposium on air pollution, under 
the chairmanship of C. A. Gosline, 
of E. I. du Pont de Nemours and 
Company, Wilmington, Delaware. 

The Pittsburgh Conference on 
Analytical Chemistry and Applied 
Spectroscopy, sponsored by the Ana¬ 
lytical Division of the American 
Chemical Society’s Pittsburgh Sec¬ 
tion and the Spectrographic Society 
of Pittsburgh, will be held at the 
William Penn Hotel, Pittsburgh, 
February 16-17, 1950. Papers on 
all phases of analytical chemistry 
and applied spectroscopy are invited 
and abstracts in triplicate must be 
received by November 1. 

Deaths 

Knight Dunlap, 73, professor 
emeritus of psychology at the Uni¬ 
versity of California at Los Angeles, 
died August 14 of pneumonia. Dr. 
Dunlap was for many years professor 
of psychology at Johns Hopkins Uni¬ 
versity and was chairman of the Di¬ 
vision of Anthropology and Psychol¬ 
ogy of the National Research Council 
from 1927 to 1929. 

Earnest Stanley Shepherd, 70, re¬ 
tired research chemist at the Geo¬ 
physical Laboratory of the Carnegie 
Institution of Washington, D. C., 
died in Washington on September 
99. Dr. Shepherd conducted re¬ 
search in the application of physical 
chemistry to rock magmas and the 
measurement of the temperature of 
molten lava. 

Sigmund Samuel Greenbaum, 69, 
professor of dermatology and syphil- 
ology at the University of Pennsyl¬ 
vania, died October 3 at his home in 
Philadelphia. At the time of his 
degth. Dr* Greenb#^ at* 

tending dermatologist at Mount Sinai 
and Phiiadelphia General Hospitals. 


Leonor Michaelis, 74, physical 
chemist and retired member of the 
Rockefeller Institute for Medical Re¬ 
search, died October 9 of a heart 
attack. His most recent work was 
the discovery of the radical of vita¬ 
min E, the antisterility factor. A 
native of Berlin, Dr, Michaelis was 
at one time professor of biochemistry 
at the Medical School of Nagoya, 
Japan, and later resident lecturer at 
Johns Hopkins University. 


Nat ion at Health Program, 2949 , 
a transcript of public hearings con¬ 
ducted last May and June by the 
Senate Labor and Public Welfare 
Committee, has been published and 
copies are obtainable from the com¬ 
mittee, U. S. Capitol, Washington 26, 
D. C. The two-volume, 1,247-page 
transcript contains the testimony of 
American Medical Association offi¬ 
cers, medical deans, economists, labor 
spokesmen, and others on compul¬ 
sory health insurance, voluntary pre¬ 
payment plans, federal support of 
medical and dental education, hospi¬ 
tal expansion, and other national 
health issues. 

Central Scientific Company an¬ 
nounces the opening of a new office 
at 347 Madison Avenue in New York 
City to facilitate service in that area 
on scientific instruments, laboratory 
supplies, and chemical reagents from 
unlimited stocks. 

At a meeting held at the Univer¬ 
sity of Brussels, Belgium, March 
28-30, electrochemists from several 
Western European countries created 
a, new international organization des¬ 
ignated as the Committee of Elec¬ 
trochemical Thermodynamics and 
Kinetics. The goal of the committee 
is to facilitate and promote interna¬ 
tional collaboration in these fields. 
In each country where collaboration 
is secured, there will be a delegate in 
charge of coordinating the various 
activities within the program of the 
committee. 

The officers of the committee are: 
Pierre Van Rysseiberghe, University 
of Oregon, president; M. Pourbaix, 
University of Brussels, secretary, 
Delegates have been selected as fol¬ 
lows: A. Juliard, Brussels, for Bel¬ 
gium; F. E. W. Wetmore, Toronto, 
for Canada; J. Heyrovaky, Prague, 


for Czechoslovakia; G. Chariot, Paris, 
for Frknde; T. P. Hoar, Cambridge, 
for Great Britain; R. PiontelU, Mi¬ 
lan, for Italy; W. G. Burgers, Delft, 
for the Netherlands; A. B. Winter- 
bottom, Trondheim, for Norway; E. 
Jimeno, Madrid, for Spain; and E. 
Wyler, Beni, for Switzerland. 

Research planned at the meeting 
includes: 1. Preparation of an 
las of Electrochemical Equilibria, r ’ 
which will be an extension of the 
fundamental work of Dr. Pourbaix 
on the potcntial-pH diagrams of iron, 
copper, chromium, etc., to all ele¬ 
ments for which the necessary data 
are available. This atlas is being 
prepared by Drs. Pourbaix, Delabay, 
and Van Rysselberghe. 2. System¬ 
atic determination of polarization 
curves for electrochemical reactions. 
This program would consist of the 
extension of the fundamental work 
of Drs. Wagner and Traud, of the 
development of the polarographic 
method, and of overvoltage studies, 
etc. 3. Applications of the two 
foregoing groups of studies to corro¬ 
sion, catalysis in solutions, electro¬ 
lytic phenomena, analytical chemis¬ 
try, etc. 

Inquiries may be addressed to P. 
Van Rysselberghe, Department of 
Chemistry, University of Oregon, Eu¬ 
gene, Oregon. 


Status of AAAS Meeting 
Reservations 

The early and heavy demand 
for tingle rooms already indi¬ 
cates a potential shortage of this 
type of aucommodatiims at the 
116th Meeting of the AAAS in 
New York City, December 26- 
31. There axe plenty of hotel 
rooms but many have double or 
twin beds. Mias Sylvia T. Pel- 
tohen, Manager, Housing Bu¬ 
reau, New York Convention and 
Visitors Bureau, 500 Park Ave¬ 
nue, New York 22, who is in 
charge of room assignments, 
urges that, when possible, room 
reservations be placed by parties 
of two or more. This also has 
the advantage of a lower cost 
per person. Room reservation 
coupons will appear in the ad¬ 
vertising pages of fletonce at 
frequent intervals. 






A unique feature of the new $1,- 
700,000 Michigan State College 
Mathematica and Phyaics Building 
is the stone carving on the main and 
side entrance panels, which toils 
the history of mathematics and phys¬ 
ics* Designed by Carl L. Schmitz, 
New York sculptor, the work is done 
In sunken relief, a method widely 
used by the ancient Egyptians, and 
comparatively rare today. 

Panels at the left of the main 
entrance depict Newton under a tree, 
watching an apple fall, Galileo with 
a pendulum in his hand, Archimedes 
immersing King Hieron } b gold crown 
in water, and Huygens holding a tele¬ 
scope. 

At the right of the entrance Frank¬ 
lin is shown dying his kite, Faraday 
contemplating a cell through which 
an electric current is being passed, 
Newton and Leibaits discussing a 
problem by the methods of calculus, 


and Oersted demonstrating the mag¬ 
netic effect produced by an electric 
current. 

Above the main entrance are vari¬ 
ous forms of simple machines—from 
left to right, the lever, the pulley, 
gears, the screw, and the inclined 
plane. 

The building houses 136 classrooms 
and laboratories, one laboratory 
being two stories high, for experi¬ 
ments using very tall equipment A 
central control panel permits any de- 
Bired voltage and frequency of cur¬ 
rent to be piped to any laboratory. 
Equipment to be installed includes an 
electron microscope, x-ray apparatus 
for analysis of atomic properties, 
various radio and radar instruments, 
and a 10-ineh telescope on the build¬ 
ing's flat roof. 

Thomas H. Osgood is director of 
MSO 's Division of Mathematics and 
Physical Sciences. 


Make Plans for— 

Industrial Minerals Division of 
the American Institute of Mining 
and Metallurgical Engineers, No¬ 
vember 9-12, Tampa Terrace Hotel, 
Tampa, Florida. 

National Symposium on Air Pol¬ 
lution, sponsored the Stanford 
Research Institute, the California 
Institute of Technology, and the 
Universities of California and South¬ 
ern California, November 10-11, 
Huntington Hotel, Pasadena, Cali¬ 
fornia. 

International Symposium on 
High Altitude Biology, November 
23-30, Lima, Peru. 

Pittsburgh Conference on X- 
Rgy and Electron Diffraction, No¬ 
vember 7-8, Mellon Institute of In¬ 
dustrial Research, Pittsburgh, Penn¬ 
sylvania* ■. 
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The National Academy of Sciences 

Abstracts of Papers Presented at the 1949 Autumn Meeting, Rochester, New York 


Reflection and Transmission Type 
Interference Filters 

A. F. Turner, Rausch 6- Comb Optical Company 
(Introduced by F. E. Wright) 

Thin films may be combined to produce narrow band 
pass filters, which owe their effectiveness to interference. 
By means of high vacuum techniques, such film combina¬ 
tions have been satisfactorily produced up to a diameter 
of 8 in., and larger sizes are feasible. A filter for trans¬ 
mission is made by depositing successively a film of silver, 
a spacer film of a dielectric, and a second silver film. The 
thickness of the spacer film controls the wavelength posi¬ 
tion of the pass band. The optical properties of tho 
silver limit the use of this filter to a wavelength range of 
about 350-750 m^. The best optical performance is ob¬ 
tained in tho middle of this range, where a filter with 
40% transmittance will have a half-width of 10 rap,. Tho 
wavelength range may be greatly extended with a reflec¬ 
tion type filter in which the film sequence is opaque alu¬ 
minum, followed by several transparent aluminum films 
separated by dielectric films. 8uch filters arc operative 
from the ultraviolet into the infrared, but have relatively 
wide pass bands. In the visible a typical filter has a peak 
reflectance of 90%, with a half-width of 60 mp. Both 
types of filter will be demonstrated. 

Diffraction Gratings of Improved Efficiency 

David Richardfon, Rausch tomb Optical Company 
(Introduced by F. E. Wright) 

The efficiency of a grating is determined principally 
by the contours of tho grooves and the reflectivity of its 
surface. The shape, orientation, and loading of the 
ruling diamond must bo carefully controlled if the desired 
groove shape is to be achieved. The microinterferometer 
has proved to be invaluable for observing the groove 
shape of preliminary test rulings and thus airing the 
correct adjustment of the diamond. Energy distribution 
measurements of completed gratings indicate the value of 
the method. 

Invariants and Symmetry and Their Use in 
Geometric Optical Problems 

Max Harzberger, Eastman Kodak Company 
(Introduced by W. Albert Noyes, Jr.) 

An optical system is in general symmetric around an 
axis. A special type of optical system is one with central 
symmetry, consisting of a series of spheres with the same 
center. The author has developed, together with his 
friend, H. Boegohold, a theory which gives complete in¬ 
formation about their image formation. This leads to a 
new image error theory, in which symmetry or the lack 
of it is used as a method for analysing an optical image. 


In a system with point symmetry, there exists an in¬ 
variant vector for every ray trace. In a system with 
areal symmetry, there exists an invariant scalar. The 
author has transformed the formula for tracing a ray or 
a bundle of rays through an optical system into a form 
in which the invariant scalar or vector forms one of the 
given data. This permits rny tracing to be reduced by 
one dimension—an important reduction, since the graphi¬ 
cal methods connected with this step arc a guide in the 
difficult problem of correcting an optical instrument. 

Developments in the Field of 
Ultraviolet Microscopy 

John V. Butterfield, Rausch 6 Lamb Optical Company 
(Introduced by F. E. Wright) 

The original conception of tho ultraviolet microscope 
was evolved from a deBire to extend the resolution limit 
of the microscope beyond the limit imposed by visual 
wavelengths. Of equal, and at present perhaps even 
greater importance, are its applications in biochemistry 
for direct photographic recording of biological tissue or 
for microphotometric determinations of biochemicals. 
With the advent of achromatic objectives applicable to 
tho ultraviolet, the manipulation of the microscope in this 
region has been simplified, and the usefulness of the 
instrument extended considerably. 

Fluctuations in the Photoconductivity of 
Films of Lead Sulfide 

Brian O’Brien, Harry D. Pols ter, and 
Walter P. Siegmund 

Institute of Optics, University of Rochester 
(Introduced by W. A. Noyes, Jr.) 

The concept that photoconductivity in thin films of 
heavy metal sulfides is due to photosensitive barriers be¬ 
tween regions of excess and defect conductivity has re¬ 
ceived considerable support from several recent investi¬ 
gations in which a film surface has been scanned with a 
small spot of light. To extend this, provision has been 
made for exploring such surfaces with much smaller light 
spots, limited in minimum size only by the diffraction 
pattern of a high numerical aperture objective. An in¬ 
terrupted tungsten filament source is projected on the 
film with an apochrom&tic system corrected for the near 
infrared, and yielding an image of effective width about 
1.5 p,. The photoconductivity appears os an alternating 
voltage recorded by a curve-drawing instrument synchro¬ 
nized with the film scam 

Films of load sulfide formed by distillation and by wet 
precipitation have been investigated. The photoconduc¬ 
tivity shows large and rapid fluctuations with position of 
the illuminated spot, which are highly reproducible in suc¬ 
cessive traces. Photoconductivity may change by a fac- 
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tor of two or more in a distance of 10 p,. However, the 
most common pattern observed consists of sharp drops 
below, rather than sharp peaks above, a general level of 
photoconductivity, which is difficult to reconcile with a 
barrier theory. 

Correlations between Photographic and Photocon- 
ductive Sensitivity in Silver Halides: The 
Effects of Silver Sulfide and of 
Divalent Positive Ions 

W. Weit and B. H. Carroll, Eastman Kodak Company 
(Introduced by W. Albert Noyes, Jr.) 

The electrical conductivity of photographic films 
changes slightly on exposure to light, the effect being 
measurable in some cases at exposures corresponding to 
normal latent image formation. The usual effect is an 
increase in conductivity, corresponding to liberation of 
electrons by light. It has been found that chemical sensi¬ 
tization of emulsions by compounds forming silver sulfide 
decreases the photoconductivity. The decrease is about 
60%, which is a reasonable value for the trapping of 
electrons by the sensitivity nuclei. The evidence indi¬ 
cates that emulsion grains contain many shallow traps for 
electrons, to which chemical sensitization adds a few deep 
traps* 

Silver bromide containing small amounts of lead or 
cadmium bromide has increased electrolytic conductivity 
and darkens very slowly on exposure to light. It has been 
found that fused, unannealed films containing these di¬ 
valent cations show normal photoconductivity, although 
corresponding films of pure silver bromide decrease in 
conductivity on exposure. This result may be explained 
best in terms of Mitchell *s theories of sensitivity, based 
on the existence of Schottky defects. 

The Theory of Microtneteorites 

Fred L. Whipple, Harvard College Observatory 
(Introduced by L. H. Adams) 

The term micrometeorite is here defined as an extra¬ 
terrestrial body that is sufficiently small to enter the 
earth ’a atmosphere without being damaged by encounter 
with the atmosphere. The limiting circumstance arises 
when the micrometeorite radiates energy rapidly enough 
that its temperature remains below its melting point as 
Its motion is retarded by atmospheric resistance, The 
theory of the maximum dimension for such a particle 
with prescribed geocentric velocity and physical char¬ 
acteristics is developed in this paper. The solution de¬ 
pends upon the height-density relation adopted for the 
atmosphere. Two types of such relations permit explicit 
solutions for the limiting ratio of meteoric mass to radi¬ 
ating area, or, if the particle is spherical, for the limit¬ 
ing radius. These atmospheric relations are a) constant 
temperature, and b) constant temperature gradient, both 
for constant molecular weight with respect to height. 
The second case appears to give a sufficiently accurate 
results for present needs. 

The limiting radius for a spherical micrometeorite 
varies approximately as the fourth power of the melting 
temperature, the inverse cube of the velocity, the inverse 


logarithmic density gradient at the point of maximum, 
temperature, and the secant of zenith distance. Heights 
of maximum temperature increase with velocity but lie in 
the neighborhood of the E-layer. For an iron meteorite 
at a velocity of 23 km/eec, the limiting spherical radius 
is 3-5 p. Long cylindrical particles may have a minor 
diam of 4-7 p—in good agreement with the minor dimen¬ 
sions of tho * * wedge-shaped opaque” magnetic particles 
that'fT. E. Landsberg associated with the great Giacobinid 
meteor shower in October 1946 (velocity 23 km/sec). 
His larger ^ round” particles (20-40 p diem) may have 
been partially vaporized. This general agreement pro¬ 
vides secondary confirmation of tho assumed atmospheric 
relations at the 100-km level. 

Tho writer heartily encourages the collection and study 
of micrometeorites, as they may provide the only labora¬ 
tory samples of eometary material; ordinary meteorites 
probably arise from a different source, Peep oceanic 
sediments, as suggested by the Challenger Expedition, 
polar snows, or even geological strata may also contain 
evidence of astronomical phenomena. 

Chemical Constitution and Photographic and 
Allergenic Activities of Color-forming 
Developing Agents 

A. Weinberger, Eastman Kodak Company 
(Introduced by W. A. Noyes, Jr., Chtirmsu, 

Local Committee on Arrangements) 

The only developing agents useful for processes in¬ 
volving formation of dyes in the photographic layer are 
p-aminodialkylanilinos. These compounds are, as a class, 
rather weak developing agonts. Moreover, they cause a 
sensitization dermatitis like poison ivy. 

A considerable number of compounds were synthesized 
and their polarographic half-wave potentials and develop¬ 
ing and color-forming activities were measured. The 
results lead to an understanding of the electrochemical 
and sterical factors which regulate the activity of these 
developing agents. Groups which increase the affinity of 
the compounds to gelatin (keratin) and decrease their 
lipoid solubility reduce their allergenic properties. A 
number of photographically highly active, low allergenic, 
dye-forming developing agents have been synthesized. 

On the Possible Existence of Antinucleons 

J. Aahkm, T. Auerbach, and R. Marshak 
University of Rochester 
(Introduced by W, A. Noyes, Jr.) 

Becent evidence for the gamma instability of neutral 
mesons and the possibility of detecting relativistic 
charged mesons in the new electron-sensitive plates re¬ 
news interest in the possible existence of antinueleons, in 
particular negative protons. Rigorous expressions have 
been obtained for the annihilation cross sections of 
proton pairs using weak coupling theory and spin zero 
mesons. The annihilation cross section vanishes in the 
limit of zero velocity for the emission of two neutral 
mesons but reaches a maximum for the emission of two 
charged mesons. The charged meson annihilation there¬ 
fore dominates over the proton annihilation. The total 
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probability for annihilation of the negative proton in 
flight haa boon computed, taking account of its ionization 
loss and the effect of nuclear collisions. The prospects 
of detecting negative protons annihilating in flight or at 
rest in photographic plates exposed at 100,000 ft appear 
hopeful. 

Proton-Proton Scattering 

C. L. Oxley, Physio Department, University of Rochester 
(Introduced by W. A. Noyes, Jr.) 

This paper is to review the proton-proton scattering 
program at Rochester, to present future plans of the pro¬ 
gram, and to connect the program with the problems of 
the field and with work in other laboratories. 

General features of the Rochester program are photo¬ 
graphic plate experiments with the Hmall cyclotron at 
energies of 7 Mev and less, counter experiments with the 
undeflectod beam of the new synchrocyclotron at energies 
from 250 Mev to 50 or 100 Mev, and a search for in¬ 
elastic proton-proton scattering as might occur with the 
excitation of isobaric proton states. 

The program was initiated by and has progressed with 
the guidance of R. W. Barnes. Support is derived from 
grants of the Research Corporation and the joint pro¬ 
gram of the Office of Naval Research and the Atomic 
Energy Commission. 

Prediction of Compressibility of Real Gases 
and Gaseous Mixtures from Critical 
Pressure and Temperature 

Gouq-Jtfn Su, Raroeth G. Soparkar and Robert J. Lockhart 
Department of Chemical Engineering, 

The University of Rochester 
(Introduced by W. A. Noyes, Jr.) 

Based on a modified * * law f ’ of corresponding states, a 
system of generalized isometrics is presented, covering 
experimental data on seventeen gases over wide ranges 
of pressure and temperature and seeming to be applicable 
to all gases. A ternary gaseous mixture consisting of 
methane, n-butane and decane at five different composi¬ 
tions has been studied. Calculated and experimental 
values of compressibility factors agree well. Calculated 
changes of enthalpy with pressure, making use of a gen¬ 
eralized form of the Beattie-Rridgeman equation of state, 
for the methane-ethane system agree well with experi¬ 
mental values reported in literature. The same method 
may be used to calculate isothermal changes of other 
thermodynamic functions. 

The proposed method of correlating pressure-volume- 
tempereture data by the generalized relationship has the 
advantage of not requiring knowledge of the critical 
volume. 

The Heavy Nuclei of the Primary 
Cosmic Radiation 

H. L. Bradt and B. Baton, University of Rochester 
(Introduced by V. A, Nby«, Jr.) 

The abundance of atomic nuclei of the light element? 
in the primary cosmic radiation has been determined at 
gsomagnetie intitule* X -30°, 61®, and 55° with the aid 


of photographic emulsions exposed in balloon flights at 
100,000-ft altitude. 

The abundance ratios may be compared with the abun¬ 
dance of the atoms of the light elements in stellar at¬ 
mospheres and interstellar space. 

The most abundant nuclei in the primary cosmic radia¬ 
tion are B nuclei (relative intensity = 10,000), Next 
come He nuclei (1000), nuclei of C, N, O, and possibly 
F or Ne (00), nuclei of Mg, Si and neighboring elements 
(10) and nuclei of charge Z > 15 up to the neighborhood 
of Fe (10). 

The abundance of nuclei in the primary cosmic radi¬ 
ation may be determined by several factors, among them: 
(a) the abundance of atoms (or ions) in the region where 
acceleration took place; (b) the dependence on charge 
and moss of the efficiency of the acceleration process; 
and (c) the breakup of heavier nuclei into lighter ones by 
collision with interstellar H atoms. This latter factor 
will be important if cosmic rays are of galactic origin.- 

The relative importance of factors (a) and (c) may be 
obtained from a determination of the abundance of pri¬ 
mary nuclei whose cosmic abundance is known to bo ex¬ 
tremely low (Li, Re, and B). 

The Pre-exponential Factor for Some 
Reactions of Methyl Radicals 

Leon M. Dorfman and Robert Gomer 

Department of Chemistry , The University of Rochester 

(Introduced by W. A. Noyea, Jr.) 

Recent kinetic data on the role of methyl radical reac¬ 
tions in the photochemistry of various compounds permit 
the evaluation of relationships between the pro exponen¬ 
tial factor for the association reaction 
OH n + CH« = C a H„ 

and that for hydrogen abstraction reactions of the type 
OH„ + KH n CH, -f R 

Evaluation of the relative sterie factors is possible upon 
the assumption of arbitrary collision cross sections for 
these reactions. For the reaction of methyl radicals with 
acetone, dimethyl mercury, ethylene oxide, butane, and 
dlteftiary butyl peroxide, the data indicate that the 
sterie factors for the methane-forming reactions are 
lower than has normally been assumed. On the basis 
of these data an upper limit of pc-5x 10“* must bo 
assigned. 

y-Ammabutyric Acid: A Constituent 
of the Potato Tuber? 

F. C Steward, J. F. Thompson , 1 and C. E. Dent 3 

University of Rochester 

(Introduced by W. Albert Noyes, Jr.) 

The first examination by Dent, Btepka, and Steward 
of the free amino acids of the potato tuber by partition 
chromatography on paper revealed 27 different substances 
which react with ninhydrin. Of these substances 21 were 
either amino acids or amides or their derivatives which, 
though they may not have been previously demonstrated 

* Postdoctoral Fellow, National Institutes of Health. 

9 Present address: University Colleve Hospital, London. 
England. 
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in a single plant extract, were nevertheless known to occur 
in plants. Three unidentified substances reacted like 
amino acids to ninhydrin. Of these, two occurred only 
in small amount, on$ was tentatively recognized as p-ala¬ 
nine, but the third was present in relatively large amount. 
It is this substance, which—after glutamine and aspara¬ 
gine—is the most abundant soluble nitrogen compound in 
the potato tuber, that is now recognized as y-aminobutyric 
acid. 

y-Aminobutyric acid occurs in the phenol j collidine- 
lutidine chromatograms in a position almost immediately 
below that of value. The naturally occurring product 
may be isolated by the methods of paper chromatography 
and freed from all other known ninhydrin-reacting com¬ 
pounds. It is stable to hydrolysis and to hydrogen 
peroxide and is chromatographicnlly identiml with syn¬ 
thetic y-aminobutyric acid (prepared from the lactin). 
Since, however, this acid has not hitherto been recognized 
as a normal constituent of plants, some confirmation by 
an alternative method 1 b desirable. 

As isolated by paper chromatography from cold alco¬ 
holic extracts of potato tuber, the y-aminobutyric acid is 
difficult to crystallize—more so than the synthetic product 
when present in comparable amount. This appears to be 
due to a substance which does not react with ninhydrin 
but which causes the formation of a noncry stall™ glass. 
This has made it difficult to obtain satisfactory x-ray 
diffraction patterns to compare with those of crystalline 
synthetic y-aminobutyric acid. 

One of us (C. E, Dent) has, however, shown that 
y-aminobutyric acid forms a compound on boiling with 
urea in presence of copper Balts. This compQund can be 
adsorbed on acid alumina. The uroide takes up a char¬ 
acteristic position on the standard phenol: eollidine-luti- 
dine chromatograms near to that of methionine sulfone, 
where it may be detected by a yellow color formed with 
acid p-dimothyl-aminobenzaldohyde. In this behavior the 
natural product from potato tuber exactly matches the 
synthetic substance. However, puro y-aminobutyric acid 
or Its ureide have not yet been isolated in sufficient quan¬ 
tity for ultimate analysis. The identity of this substance 
as a normal constituent of the potato tuber seems, how¬ 
ever, to be certain. 

The analysis, by quantitative paper chromatography, of 
the alcohol-soluble nitrogen compounds of the potato 
tuber (variety Katahdin) shows that the amount of 
y-aminobutyric acid prosont is greater than that of any 
amino nitrogen compound other than glutamine and 
asparagine. The content of the major constituents is 
here recorded in the approximate sequence in which they 
occur on the chromatograms, and in the units pg/g fresh 
weight, as follows: aspartic acid, 161; glutamic acid, 
121; serine, 108; asparagine, 2300; threonine, 52; ala¬ 
nine, 189; glutamine, 2493; y-aminobutyric acid, G40; 
valine', 358; leucine, 478. Thus y-aminobutyric acid ac¬ 
counted for about 5% of the alcohol-soluble and for 3.7% 
of the total nitrogen in those tubers. 

Glutamic acid decarboxylase activity in the tubers was 
demonstrated manometrically but the activity was small; 
so that it is even open to question whether the y-amino- 
butyric acid does arise by decarboxylation of glutamic 


acid (a-aminobutyric acid, the other possible decarboxyla¬ 
tion product, occurs in potato only in minute amounts). 
In view of the importance of glutamic acid and glutamine 
in nitrogen metabolism, the role of y-aminobutyric acid 
and its relation with these substances is of great interest. 

y-Aminobutyric acid does not occur among the hydro¬ 
lytic products of potato proteins; it is, however, utilized 
as a nitrogen source if the potato cells are brought under 
conations conducive to protein synthesis. 

From the evidence of chromatography, free y-amino¬ 
butyric acid seems to be somewhat widespread in plants. 

Electric Moments of Polar Polymers in 
Relation to Their Structure 

Peter Debye and F. Bueche, Cornell University 

From the observed angular dissymmetry of the light 
scattered by polymer solutions it has been possible to 
draw conclusions on the average size of the polymer coil. 
In general, the actual coil diameter found in this way is 
much larger than that calculated from a model with free 
rotation. (For polystyrene in benzene the factor « about 
3.5). This increase in size can satisfactorily be at¬ 
tributed to hindering of rotation around the chemical 
bonds. In order to obtain information about structural 
details of this hindered rotation, however, tho size deter¬ 
mination will have to bo combined with evidence derived 
from other sources than light scattering. As such, the 
dipole moment, as derived from measurements of the di¬ 
electric constant of polymer solutions, obviously is a good 
choice. If N polar monomers are influenced independ¬ 
ently by the electric field, their contribution to the polari¬ 
zation will bo N times the contribution of a single 
monomer. If they are connected to each other in tho 
chain, tho contribution of the whole chain may be larger 
or smaller, depending on whether positions of parallelism 
or antiparallelism of the elementary electric moments are 
preponderant, taking the average; over all the possible 
forms the coiling molecule can assume. A theory of this 
effect has been worked out and experiments have been 
carried out on solutions of several polar polymers, One 
of the examples is p-chloropolystyreue, for which the 
average contribution to the polarization of one chain ele¬ 
ment is substantially smaller in the polymer than that 
of tho corresponding monomer. 

Adsorption Isotherms and Liquid Solutions 

George Scatchard, Massachusetts Institute of Technology 

It lias long been known that Langmuir's equation for 
monolayer adsorption is identical in form to the equilib¬ 
rium expression for chemical reaction between quasi-per¬ 
fect gases or quasi-ideal solutes. Tho Brunauer-Emmett- 
Teller equation for multilayer adsorption may be shown 
by factoring to have the same form as the equilibrium ex¬ 
pression for a chemical reaction between the solvent and 
solute in a quasi-ideal solution in which each mole of 
solute, on tho average, can react with one mole of solvent 

Factoring offers a simple and reasonable, but not very 
useful, method of adding a third parameter to the BET 
equation. Its chief Use for surfaces is to enable a large 
scale picture even at high activities. 
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For liquid solutions the method gives n measure of the 
deviations from ideal solution laws, analogous to the ac¬ 
tivity coefficient or osmotic coefficient, which is especially 
adapted to the study of combination in quasi-ideal solu¬ 
tions without association. Association and electrostatic 
interaction are relatively unimportant in concentrated 
solutions. 

For salt solutions in water, the hydration is much 
greater than mole per mole. The most important exten¬ 
sions are for different intrinsic constants for hydration 
of anion and of cation and for constants changing with 
the number of groups added, and next come the variations 
in activity coefficients with changing composition. 

The Saturation Equation in Chemical Kinetics 

W. H. Rodebush, University of Illinois 

One can easily demonstrate that the typical adsorption 
isotherm, expressed mathematically in various forms, is 
only a special case of a much more general type of phe¬ 
nomenon which appears wherever molecular interactions 
occur. Olsen has applied the idea to the activity of 
strong electrolytes. The same idea turns up repeatedly 
in homogeneous catalyzed chemical reactions where a 
catalyst or inhibitor at first shows effects proportional to 
concentration and then gives diminishing returns. Jn the 
absence of a better term, the phenomenon may be dev 
scribed as saturation and so represented by a typical 
curve. Since ‘‘pure” uncatalyzed reactions are of aca¬ 
demic interest chiefly, it is felt that this idea may be of 
considerable practical significance. 

Factors Determining Solubility 
among Nonelectrolytes 

Joel H. Hildebrand, University of California 

The variety of factors that must, bo considered in inter¬ 
preting solubility relations among nonclectrolytes will be 
illustrated by the solubilities and colors of iodine in sol¬ 
vents of various typos. New, unpublished data obtained 
for this purpose will be considered, along with the ex¬ 
tensive body of information available from previous work. 
The theory of regular solutions, with its formulations of 
the energy and entropy of mixing, will bo applied to the 
violet, "regular * 9 solutions, which represent over a thou¬ 
sandfold range in solubility, and the deviations therefrom 
which may result from dipole moments, hydrogen bond¬ 
ing, molecular shapes and sizes, or acid-base interaction 
will be discussed. 

Cyanic Acid and the Aliophanates 

John R. Johnson and Louis L. Forscandig 
Cornell University 

Studies have been made of the mechanism of the re¬ 
action of cyanic acid with alcohols to form esters of alio- 
phanie add, R-r-0—CONHGONH* The evidence indi¬ 
cates that neither "dicyanic acid" nor the alkyl car¬ 
bamate is an intermediate under the usual conditions for 
transforming alcohols into aliophanates. 

The mechanism of hydrolysis of aliophanates in neutral, 
acidic, and basic media has been investigated. Allopha- 
nates of tertiary and allylic alcohols undergo hydrolysis 


rapidly in neutral aqueous medium at 100° by a process 
involving cleavage of the alkyl-oxygen bond. Under alka¬ 
line hydrolytic conditions the alkyl-oxygen bond remains 
intact. 

The aliophanates are crystalline compounds particularly 
suited for characterization of tertiary alcohols. 

Studies in Diagnostic Cinefluorography: Familiar 
Radiographic Views as Seen in Slow Motion 

G. H. S. Ramsey, J. S. Watson, Jr., J. J. Thompson, 

F, DreUinger, R. T. Weinberg, and S. Weinberg 
University of Rochester 
(Introduced by Wallace O. Fenn) 

Equipment designed and built in the Department of 
Radiology, University of Rochester, has been used to pro¬ 
duce a cinematographic record of the shadows produced 
by x-rays on the fluorescent screen. A number of scenes 
have been incorporated in a, film that will be shown. This 
film will serve to demonstrate the range of usefulness of 
this method of study in teaching, diagnosis, and research. 

Production and Utilization of Plasma Proteins • 
Studied with Radioactive Lysine 

Loon L. Miller, University of Rochester 
(Introduced by George H. Whipple) 

DlrUysine labeled with C u in the epsilon position has 
been fed to normal dogs and the relative apparent rates of 
incorporation of the labeled amino acid in the various 
plasma protein fractions have been studied. The data in¬ 
dicate that the plasma globulin fraction is synthesized 
more rapidly than the plasma albumin. This conclusion 
is substantiated by experiments in which plasma proteins 
labeled with 0 U were transfused into a normal recipient 
dog. Here the labeled globulin fraction disappears from 
the circulation faster than the labeled albumin fraction. 
These experiments permit estimates of the half-life of 
the plasma albumin and globulin fractions. 

In vitro studies of surviving rat livers perfused with 
whole blood containing added im-lysinc-e-C 1 * have yielded 
direct evidence of the hitherto presumed role of the liver 
in the production of plasma proteins. 

Hemoglobin Synthesis and Turnover in Dogs 
Measured with Radioactive Lysine 

CharUi L. Yuile, University of Rochester 
(Introduced by George H. Whipple) 

Following the feeding of racemic lysine labeled with 
C u to an essentially normal dog, about 70% of the total 
incorporation that occurred in hemoglobin in a 12-day 
period took place in the first three days. In an anemic 
and hypoproteinemic dog 80% of the maximum incorpora¬ 
tion occurring over a period of 22 days took place in the 
first five days. These data suggest that the period of hone 
marrow maturation of the red cell during which its related 
hemoglobin is synthesized does not exceed three to five 
days. Evidence based on the rate of decrease of the 0“ 
content of circulating blood cells over a prolonged period 
indicates an average life span of 115 days for the erythro¬ 
cytic protein, which corresponds closely to estimates of 
the m Span of dog erythrocytes by other methods. Fol* 
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lowing breakdown of blood erytlirocytos, tho protein com- 
prising them is not used preferentially for the formation 
of new erythrocytes. 

Solubilization and Separation of Components 
of the Heart Muscle Oxidase System 

Elmer Stotz, University of Rochester 
(Introduced by Wallace O. Fenn) 

Cytochrome oxidase, cytochromes A, B, and 0, and suc¬ 
cinic dehydrogenase have long been recognized as having 
prime importance in the oxidative capacity of animal, 
bacterial, and probably of many plant cells. Heart 
muscle, because of its high content of these substances, 
has been a favorite tissue for study. Ground heart muscle 
can bo extensively washed with water without removing 
these substances, although a weakly alkaline extraction 
with grinding yields a preparation of finely suspended in¬ 
soluble particles- containing all of the above components. 
Only cytochrome C, because of its exceptional stability 
toward acid, has been shaken loose from its combination 
with these particles and satisfactorily characterized. The 
other components remain attached, have been unsuscep¬ 
tible to the usual methods of protein purification, and are 
consequently ill-defined as chemical entities. 

Following leads provided by studies of natural digestive 
processes, the heart muscle particle suspension has been 
dispersed by the addition of sodium cholate and subjected 
to the digestive action of several types of enzymes. After 
the action of some of these enzymes, the particles are so 
reduced in size that the cytochrome oxidase activity nearly 
all remains in solution upon centrifugation at 20,000 0, 
Furthermore, the digested preparation is then susceptible 
to a fairly sharp fractionation with ammonium sulfate. 
The oxidase has thus been purified several fold and is 
free of cytochTome C, but still contains cytochromes A 
and B and some succinic dehydrogenase. 

Suitable modification of the above procedure has led 
to cytochrome A preparations with very low cytochrome 
oxidase activity. With the same starting materia] a sol¬ 
uble succinic dehydrogenase, highly concentrated and pu¬ 
rified ubout 40 x, has been obtained. With the various 
compounds brought into soluble form, the application of 
classical protein fractionation procedures may lead to 
further purification and separation of the components, 
whose interrelationships in oxidative metabolism may tbon 
be revealed. 

The Phenomenon of Gel Formation by 
Isolated Cell Nuclei 

Alexander L. Dounce, University of Rochester 
(Introduced by Wallace O. Fenn) 

The formation of gelB as the result of adding dilute 
ammonia or strong saline solutions to different types of 
isolated cell nuclei has been described previously. In 
this paper further observations are reported on gel forma¬ 
tion by isolated nuclei, particularly those obtained by 
a modification of the technique of Behrens. It is shown 
that nuclei isolated from rat liver or rat tumor (Walkfcr 
carcinoma 256) at pH 4.0, or lower, form a gel upon add¬ 
ing dilute ammonia or sodium hydroxide, whereas nuclei 


obtained from chicken erythrocytes at pH 6.8, as well as 
nuclei isolated from rat liver or tumor by the modified 
Behrens technique, yield a gel upon adding strong Baline « 
as well as dilute alkali. 

It is assumed that the desoxyribonucleic acid of the 
nuclei is responsible for gel formation. The fundamental 
reactions involved are thought to be as follows: 

1. Nuclei prepared at low pH in aqueous media: 

♦a) II-DNA + NaOH-► Na-DNA+ H.O. 

The Na-DNA is the gel-forming substance. 

b) H-DNA + NaCl—no reaction. 

2. Nuclei prepared at pH 6.0 to 7.0 in aqueous media * 

or by the Behrens technique: I 

a) Hs-DN A + NaOH-> Na-DNA + Hs-OH. 

b) Ha-DNA + NaCl- > Na-DNA + Ha-Cl. 

Again the Na-DNA is the gel-forming substance. 

In these equations, H-DNA stands for free desoxyribo¬ 
nucleic acid; IIs stands for histone, and IIb-DNA for the 
nucloohistone. 

Nuclei prepared at pH 6.0 from normal rat liver by the 
use of very dilute citric acid do not form a gel, although 
they yield a highly polymerized, easily extractable sodium 
salt of desoxyribonucleic acid. The sodium salt of the 
desoxyribonucleic acid of nuclei capable of forming gels 
is, on the other hand, difficult or impossible to extract and 
it is thought that the latter type of nucleic acid represents 
a hitherto unrecognized 41 native M nucleic acid present 
in the intact cell, whereas desoxyribonucleic acid extracted 
even by mildest methods thus far available represents the 
product of some kind of intracellular autolysis or degra¬ 
dation. 

A New Analytical Method for 
Adrenal Cortical Hormones 

Robert B. Burton, Alejandro Zaffaroni, and 
E. Henry Keutmann, University of Rochester 
(Introduced by George H. Whipple) 

An adaptation of the technique of paper partition chro¬ 
matography, utilizing nonaqueous solvent systems, is the 
basis of a new method for analysis of adrenal cortical 
hormones. The procedure permits separation and identi¬ 
fication of microgram quantities of tho individual cortical 
hormones in mixtures of known compounds, and in urinary 
and adrenal extracts. 

Evidence will be presented which indicates the presence 
of Kendall 'a Compound E and 17-hydroxycorticosterone in 
extracts of urine from normal individuals. 

Estimation of Physical Fitness 

Robert A. Bruce, Frank W. Love joy, Jr M Paul N. G. Yu, 
Raymond Pearion, and Marion McDowell 
University of Rochester 
(Introduced by George H, Whipple) 

A preliminary appraisal of the estimation of physical 
fitness from cardiorespiratory measurements during a 
standardized stress of exercise has been made in healthy 
normal subjeots, as well as in patients with a variety of 
diseases, especially of the heart and lungs. The method 
involves a battery of simultaneous and continuous obser¬ 
vations of ventilatory, respiratory, and circulatory per* 
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formance, Including electrocardiographic changes, before, 
during, and after walking on a motor-driven treadmill at 
a moderate rate for a fixed period of time, or to the limits 
of tolerance. The duration of the walking effort times 
the average respiratory efficiency during exercise divided 
by the total pulBe for the first three minutes of recovery 
equals the fitness index. This index shows a satisfactory 
correlation with clinical performance and symptomatic 
distress in ambulatory patients with disease. The spec¬ 
trum of results ranges from complete and total disability 
in abnormals to better than average performance in nor¬ 
mals. The limiting factors to physical fitness are chiefly 
circulatory; accessory studies in various patients provide 
further insight into those mechanisms. 

The Work of Breathing 

Wallace O. Fenn, Arthur B. Otis, and Hermann Kahn 
University of Rochester 

During breathing, the respiratory muscles do work in 
overcoming the elastic forces of the lungs and chest, vis¬ 
cous resistance of the air and tissues, turbulence of the 
moving air, and inertia. Measurements have been made 
to determine how the. total work of breathing is subdivided 
among these various fractions. From such data, the re¬ 
spiratory apparatus can be described as a mechanical sys¬ 
tem. For any given minuto volume of ventilation of the 
lungs this system has a frequency that is optimal (in the 
sense of minimal work), because if the frequency is too 
slow the elastic work becomes very great and if the fre¬ 
quency ig too rapid much work is wasted in ventilating 
the dead space (air passages to the lung). Calculated 
optimal frequencies agree reasonably well with the fre¬ 
quencies observed in normal breathing. The theoretical 
maximal work that can be done by the respiratory muscles 
has been estimated on the basis of direct measurement of 
pressures that can be developed by the chest at various 
volumes and by calculation from anatomical data assum¬ 
ing that the respiratory muscles have properties similar 
to those of other skeletal muscles. Good agreement was 
obtained between the results of the two methods. 

Hemolytic Anemia in Newborn Dogs Due to 
Absorption of Isoantibody from Breast 
Milk During the First Day of Life 

Richard M. Christian, Donald M. Ervin, Scott N. Swisher, 
William A* O’Brien, and Lawrence E. Young 
University of Rochester 
(Introduced by George H. Whipple) 

Four different antigenie factors have thus far been 
identified serologically in dog erythrocytes. One of these 
which may conveniently be called the ‘‘ Do factor” ap¬ 
pears to be somewhat analogous to the Rh factor of human 
red blood cells. Dogs lacking this factor in their red 
corpuscles are accordingly labeled ‘* Do-negative ” and 
those whose cells contain this factor are called 4 * Do-posi¬ 
tive. * ’ 

Do-negative bitches that have been immunized by trans¬ 
fusions of Do-positive blood develop Do-antibodies that 
ap|«tar in high concentration In the colostrum after preg¬ 
nancy and persist for several weeks in the breast milk. 
Experience with nine litters has shown that Do*po*itive 


puppies regularly develop hemolytic anemia if they suckle 
such an immunized dam during the first day or two of 
life. The lack of antibody absorption from milk after the 
socond day has not yet been explained. There is evidence 
that natural immunization of the dam by fetal red cell 
factors may occur during pregnancy, thus producing he¬ 
molytic disease in dogs similar to that recently discovered 
as a naturally occurring phenomenon in horses. 

The Electronic Spectra of Sulfur Hexafluoride 

A. B. F. Duncan, Deportment of Chemistry, 

University of Rochester 
(Introduced by W. A. Noyes, Jr.) 

The electronic transitions of lowest energy in 8F fl were 
found to lie far in the vacuum ultraviolet region. The 
transition of lowest energy is at 1054 A, and a few addi¬ 
tional transitions were observed below a strong continuous 
absorption, which begins at about 815 A. 

A theory of the electronic energy levels has been devel¬ 
oped, based on the method of molecular orbitals. The 
orbitals employed were linear combinations of fluorine 
and sulfur atomic orbitals, chosen with regard to the es¬ 
tablished octahedral symmetry of 8F„. The relative ener¬ 
gies of the orbitals are computed in terms of integrals 
over atomic orbitals of the Slater form. Use was made 
of the experimental 8-F distance and relative electro¬ 
negativities of the atoms, but no other experimental data 
were available. Probable transitions of lowest energy 
are predicted, with estimates of the corresponding inten¬ 
sities. 

Vapor-Liquid Equilibria in Synthetic 
Rubber Latex-Monomer Systems 

O. E. Dwyer, L. C. Liberatore, 3 and W. A. GleicM 
Department of Chemical Engineering , 

The University of Rochester 
(Introduced by W. A. Noyes, Jr.) 

Two systems were studied—styrono/latex and a-methyl 
styrene/latex. The styrene/latex system could be more 
completely described as the styrene-polymer-water system, 
since the latex was essentially an emulsion of soap- 
stabilized butadiene-styrene copolymer in an aqueous me¬ 
dium which was more than 99.9% water. Similarly, the 
AMS/latex system could be described as the AMS-poly- 
mer-wator system, where the polymer is actually a co¬ 
polymer of butadiene and a-methyl-styrene. 

The chemical and colloidal natures of the systems were 
such that a static, rather than a dynamic, method of equi¬ 
librium measurement had to be used. Data were obtained 
over temperature ranges of 40-95° C for both systems, 
styrene-polymer ratios up to 0.17, and AM8-polymer ra¬ 
tios up to 0.80. The experimental data agree quite well 
with vapor-liquid equilibria calculated on the basis of 
theoretical considerations. During and since the war, 
considerable advances have been made in understanding 
the thermodynamic behavior of polymer-solvent systems. 
Experimental measurements, particularly swelling meas- 

* Present address; Taylor Instrument Co., Rochester, New 
York. 

4 Present address: Shell Chemical Corporation, Houston. 
Texas. 
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urements, combined with statistical mechanical treatment, 
have led to expressions for entropy and enthalpy changes 
in solvent-polymer interaction. 

Curariform Activity and Chemical Structures 5 

V, Boebelheide, University of Rochester 
(Introduced by W. A. Noyes, Jr.) 

The use of drugs having curariform activity in the 
treatment of certain Spastic and hyperkinetic disorders 
has demonstrated the need for a satisfactory drug of this 
typo. An investigation of certain synthetic and natural 
drugs has been undertaken in the hope of relating curari* 
form activity to chemical structure. 

The compounds, prepared for study os possible periph- 
oral curaiform agents, have included derivatives of piperi- 
dine, the tetrahydro-fi and y-carbolines, quinolizidine, 
benzyltetrahydroisoquinoline, and indolylmethyltetrahy- 
droisoquinoline. . Of these the indolylenethyltotrahydro- 
isoquinoline derivatives allowed the highest activity, which 
is of interest in view of their possible relationship to the 
calabash curare alkaloids. 

In regard to compounds causing muscular relaxation 
through a central effect, several interesting results were 
obtained. It was found that |5 - cry throi dine, a peripheral 
agent, is converted by acid to a derivative, apo-fl-erythro- 
idine, which has a central action of long duration. It was 
also discovered that a group of compounds of rather 
simple structure, derivatives of 4-hydroxyroethyM, 3-di- 
oxolane, have high activity as central agents in effecting 
muscular relaxation. 

The Formation and Structure of Some 
Vinyl-derived Polymers with 
Heterocyclic Rings 

L. M. Minsk, Eastman Kodak Company 
(Introduced by W. Albert Noyes, Jr.) 

Two polymers containing heterocyclic rings derived by 
reaction upon preformed linear polymers will be discussed. 
Though purely synthetic in nature, these have certain 
physical properties found in naturally occurring mate¬ 
rials. The method of preparation will be given and some 
proof of structure presented. The first of these polymers 
belongs to the family of ester-lactones and is derived from 
poly-a-chloroocrylic acid by reaction with an alcohol. It 
has certain of the physical properties of cellulose and 
cellulose esters, as well ns a structure which in one par¬ 
ticular respect is related to cellulose. The other is a 
highly imidized polyacrylamide, whose aqueous solutions 
will, under suitable conditions, yield thermally reversible 
gels. The general phenomenon of gelation, viewed from 
the behavior of this polymer, will be discussed. 

Problems in the Experimental 
Study of Flash Burns 

Hsrman E. Pune, University of Rochester 
(Introduced by Wallace O. Fenti) 

The brief exposure to a high intensity of thermal energy 
causes a lesion colled a 1 ‘ flash burn . 33 This was first seen 

• Aided by a grant from the National Foundation for In¬ 
fantile Paralysis. 


at Pearl Harbor, but its importance was not fully appre¬ 
ciated until the study of the atomic bomb casualties at 
Nagasaki and Hiroshima; there were approximately 68,* 
000 cases of burns at Hiroshima alone. This tremen¬ 
dous clinical problem needs further experimental study. 

We have succeeded in creating the lesion both by ignit¬ 
ing an inflammable substance and by using a large carbon 
arc with a shutter mechanism. 

Thit discussion deals with the problems of devising 
suitable sources, of measuring the energy and spectrum 
they create, of calibrating the energy delivered, of analyz¬ 
ing the threshold of the energy and its spectral compo¬ 
nents in burn production, of determining the time-tem¬ 
perature relationships of these, and finilly of comparing 
the flash burn with the ordinary low temperature burn 
from the standpoints of pathology, bacteriology, the sys¬ 
temic effects on protein and fluid changes, and mortality. 

The Role of Glomerular Filtration Rate in 
the Pathogenesis of Edema 

Robert F. Pitt*, Syracuse University 
(Introduced by Eugene F. DuBoU) 

About 20% of the weight of the body is extracellular 
fluid, i.e., a balanced salt solution which either circulates 
rapidly through the vascular system as the liquid blood 
plasma (about one-quarter of the total) or slowly through 
the tissue Bpaces between the cells as interstitial fluid 
(about three-quarters of the total). The fact that the 
weight of a norma] individual remains constant from day 
to day despite wide fluctuations in the quantity of salt 
and water ingested is due to the fact that his kidneys ex¬ 
crete oach day just enough of these components of the 
extracellular fluid to maintain balance. The capacity of 
the normal kidneys to compensate for fluctuations in in¬ 
take is remarkable. In heart disease, in kidney disease, 
in liver disease, and, in truth, in all diseases characterized 
by weight gain due to fluid logging (storage of excess 
extracellular fluid as edema) the kidneys exhibit a reduced 
capacity to compensate for fluctuations in intake, espe¬ 
cially of salt. Salt and water are retained and are stored 
in the highly elastic interstitial fluid compartment. 

It is assumed that two disabilities of kidney function 
account for water and salt retention In edematous states: 
a deficient formation of a filtrate of the blood plasma in 
the glomerular tufts (the initial stage of urine formation) 
and excessive absorption of water and salt from that fil¬ 
trate as it passes through the kidney tubules. Diuretics 
used clinically to promote the excretion of edema fluid 
act by partially blocking this latter tubular absorptive 
process. Although a few years ago the factor of reduced 
glomerular filtration was emphasized as a cause of edema, 
the tendency today is to emphasize tubular overabsorp¬ 
tion and even to deny the significance of glomerular 
filtration. 

In animals it is possible to vary glomerular filtration at 
will by constricting the blood supply to the kidneys and 
thus reducing the pressure head upon which filtration de¬ 
pends. When filtration is so reduced there is an immedi¬ 
ate reduction in the excretion of salt and water. This 
disability is immediately reversible on removing the con¬ 
stricting clamp. The degree of reduction in filtration 
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rate necessary to produce this disturbance in salt and wa¬ 
ter excretion is no greater than that which is observed 
clinically in diseases characterized by edema. It has been 
observed clinically that in patients who have very low 
filtration rates, diuretics are relatively ineffective in pro¬ 
moting the excretion of salt and water. In animals, con’ 
striction of the renal blood supply reduces the effective¬ 
ness of diuretics very greatly. It is concluded that insofar 
as filtration rate is reduced in disease it will adversely 
affect the capacity of tho kidneys to compensate for fluc¬ 
tuations in salt and water intake and will favor retention 
as edema. A reduction in filtration rate will also reduce 
the effectiveness of diuretic agents. It is admitted that 
reducod filtration rale is only one of several significant 
factors in fluid retention and resistance to diuretics. 

Conference on the Ultracentrifuge 

Duncan A. Maclnnc* - 

Rockefeller Institute for Medical Research 

A group of 21 workers interested in tho ultracentrifuge 
met undor the auspices of the National Academy of Sci¬ 
ences for a three day conference Juno 14-16, 1049, at the 
Ham's Head Inn, Shelter Island, Long Island. The pro¬ 
gram of discussion was arranged around the formula for 
interpreting ultracentrifuge results: 

,, XT* 

~ D(l-PV) 

in which M is the molecular weight of, for instance, a 
protein, 8 is the sedimentation velocity, V the diffusion 
coefficient, V the partial specific volume, P the density of 
the solution, and R and T the gas constant und absolute 
temperature respectively. 

The determination of s involves problems of centrifuge 
design. The use of magneti*yilly supported and driven 
rotors was forecast, and, also, interference methods for 
following boundary movements. 

Great progress was reported in the precision determina¬ 
tion of diffusion coefficients, D f by wddely differing meth¬ 
ods. 

The precision of the values of M is largely dependent 
upon the accuracy of the product, FV , which depends 
upon density measurements of solutions. A magnetic 
float method for this determination was reported, as was 
also a procedure for obtaining the temperature, T, of the 
rotor while turning at high speeds. 

An outstanding result of the conference was the agree¬ 
ment that the trend of research will bo away from high 
speeds, and toward a greater use of equilibrium, as against 
tho sedimentation velocity, method. An important sug¬ 
gestion concerning the utilization of states approaching 
equilibrium in obtaining molecular weights was advanced. 

Some Recent Approaches to the Experimental 
Study of Human Fatigue 

Leonard Carmichael, John L. Kennedy, 
and Leonard C. Mead, Tufts College 

The paper briefly reviews some current definitions of 
fatigue from the standpoint of physiology and psychology. 
Experimental studies are then reported on the measure* 
meat of performance (primarily visual or motor) under 


various conditions of stress and prolonged work. Among 
the conditions studied were the following: (1) eye move¬ 
ment and reading accomplishment during six hours of 
continuous reading; (2) performance of tasks requiring 
stereoscopic vision, eye-hand tracking, and “lookout” 
performance, all during three-day period of work with 
only brief and irregular rest periods; (3) eye movements, 
various visual tasks, reaction time, steadiness, and cer¬ 
tain psychological processes in subjects who worked for 
fifty hours without sleep; (4) tho effect of a three-day 
sleep deficit on performance in a complex task requiring 
continuous and simultaneous coordination of several sen¬ 
sorimotor operations. 

A generalization which pertains to all the experimental 
results in the experiments outlined above is that the sub¬ 
jective indices of fatigue are dependent upon the motiva¬ 
tion of the individual being studied. This motivation or 
eagerness or willingness to continue to exert oneself is 
not a continuous function of the duration of work. 
Bather, the experiments indicate the presenco of high 
motivation at any stage during the long continued per¬ 
formance of a task will allow the behavior under observa¬ 
tion to Appear in an essentially unchanged form from 
that recorded when the subject is “unfatigued. M 

An electronic apparatus has been developed in an at¬ 
tempt to measure a physiological variable (muscle spike 
output from the supraorbital musculature) which shows 
promise as an indicator of the general alertness of sub¬ 
jects while performing tasks during long periods of time. 
It Is tentatively suggested that the early stages of certain 
states of fatigue in monotonous work may be identified in 
terms of alterations in tho integrated electrical output 
of muscle spikes from localized muscle areas. There is 
some evidence that tho fluctuations or periodicity noted 
in this electrical output have a psychological correlate in 
tho temporary blocks in “mental** or physical work which 
have been observed in our own experiments and in recent 
experiments by other investigators. 

A Hypothesis Regarding the Origin of the 
Movements of the Earth's Crust 

Harold C. Ur«y 

Institute for Nuclear Studies, University of Chicago 

If it is assumed that the radioactive content of the core 
and mantle of the earth are respectively equal to the ra¬ 
dioactive content of the iron and stone meteorites, it is 
found that the earth must be getting warmer. It is as¬ 
sumed therefore that this is the case, that the earth was 
formed in a ooid condition, and that to a first approxima¬ 
tion it was a uniform mixture of iron and stony phases 
throughout, with a possible modification at the center to 
be mentioned later. Bough calculations show that the 
gravitational energy stored which would be dissipated 
in the formation of the present core of the earth is greater 
than the radioactive heat that has been generated in 2 
billion years from all radioactive materials. Kuhn and 
Rittman have shown that iron droplets cannot sink in the 
present mantle of the earth because of its high viscosity, 
but it is maintained here that the iron flows to the eenter 
of the earth through channels due to the wetting of some 
constituent of the stony phase by the iron phase. The 
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falling of the iron through the mantle generates & large 
amount of heat, and if there is a sharp layer some distance 
below the crust of the earth, perhaps at the Bapetti dis¬ 
continuity, high temperature silicate phase is generated 
at depth. This leads to convection in the outer mantle of 
the earth and the formation of mountains, as has been 
postulated by Griggs. The forces are adequate to account 
for the formation of mountains and roughly the time of 
convection estimated is approximately that required by 
geological evidence, being somewhat too rapid, using a 
viscosity of 10 w poise for the outer earth. 

The chemical differentiation in the crust can be ex¬ 
plained as separation of olivene from other constituents 
by .sinking in a molten magma at a temperature in the 
neighborhood of 1500-1600° A. This temperature also 
is appropriate for explaining the constituents of the at¬ 
mospheres of Mars, Venus, and the earth on the basis of 
chemical reactions taking place at this temperature and 
below. The difference in density of the moon and the 
earth may be explained if low density material condensed 
first and higher density material (iron) later. This hy¬ 
pothesis leads to an initial structure of the earth with a 
core of moon-like material surrounded by a layer of sili¬ 
cate and iron phase. If this central core remained at 
the center of the earth for some time, then on rising to 
the surface it should have produced the Pacific Basin, with 
its floor of basaltic rock. It is interesting to speculate 
upon what timo in the earth's geological history this may 
have occurred. 


Studies on the Structure of Colchicine 6 


D. S. TarbaU, Department of Chemistry, 

University of K ochester 
(Introduced by W. A* Noyos, Jr.) 

The alkaloid colchicine ia of biological interest because 
of its antimitotic action, but its chemical structure is not 
completely elucidated. Evidence will be presented to sup¬ 
port suggestion of Dewar that colchicine contains the 
M t^opoloBe , ' structure (I) in ring C. This evidence 



is based on periodic acid oxidation of hex&hydrocolchi- 
ceine, and on the study of infrared absorption spectra of 
colchicine derivatives and other compounds known to 
contain the tropolone ring. The synthesis of simpler 
compounds containing the tropolone ring has been studied, 
and a compound believed to be benitropolono (II) has 
been obtained by condensation of hydroxyncetone with 
phthal aldehyde; a by-product in this condensation has 
been proved to be phthiocol (2-hydroxy-3-methyM,4-naph¬ 
thoquinone). The chemical behavior of II will be dis¬ 
cussed in relation to that of the colchicine series. 


• Aided by a grant from the National Inutitutes of Health. 


TECHNICAL PAPERS 


General Method for Paper Chromatographic 
Analysis of Reducing and Nonreducing 
Carbohydrates and Derivatives 

E. Paean, T. P. Mora, and P. W, Kent 

Frick Chemical Laboratory, Princeton Univenity, 
Princeton, New Jertey 

The paper chromatographic procedure for the investi¬ 
gation of reducing sugars (3, 4) or their methylated 
derivatives (1, S) depends for its success on the ease 
with which the substances under test will reduce certain 
inorganic ions at elevated temperatures. It has been 
found that not all ketotugars or disaccharides will bring 
about reduction. Efforts have been made tp find & more 
general method of developing chromatograms in order to 
detect these nonreducing substances. It was proposed by 
Partridge (4) that acidic naphthoresereinol could be used 
to detect such carbohydrates. In the course of investi¬ 
gation in this laboratory of complex mixtures of these 
substances, we have found the use of acidic reagents 
and of excessive drying undesirable. Experiment showed 


that excellent results can be obtained by developing the 
chromatograms with aqueous potassium permanganate 
(1 %) containing sodium carbonate (2%). The chromato¬ 
grams were removed from the chamber and dried at room 
temperature, or rapidly at 100° C, By spraying with the 
permanganate reagent, the bands appeared, with varying 
rapidity, as striking yellow zones on purple background, 
even at room temperature. In a short time, as the chro¬ 
matograms dried, the spots took up their final color as 
gray regions on a brown background. In view of this 
change of color, it was expedient to mark the position 
of each band as soon as it was developed. 

Using the partitioning solvents as specified by Part¬ 
ridge {3, rf)—viz., butanol (40%), ethanol (10%), water 
(50%)—it was possible to separate sugar alcohols, glyco- 
asides, and reducing and nonreducing sugars. Attempts 
to separate acetylated or partly methylated sugars using 
this modified procedure were not successful, since these 
substances did not readily reduce permanganate. 

In an attempt to obtain a better separation of trl- 
aacchorides and the higher sugars, the usual solvent mix¬ 
ture was reversed, i,e M the aqueous layer was used as 
the eluting solvent in place of the Usual butanol layer. 
Some separation was indeed obtained, but this was as- 
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eompanied by a considerable Bpreading of the bands. 
However, some substances, e.g., streptomycin, which were 
immobile in the Partridge procedure, migrated rapidly 
and could be readily developed by the permanganate 
reagent. Further investigation of this approach would 
be profitable. 

TABLE 1 

Rr Values Determined on Whatman No. 1 Paper, Using 
Butanol Layer as the Eluting Solvent (Downwabd 
Migration), Temperature— 25° C. 


NuniP of compound 

Ur value 

a-Methyl glucoMhle 

0.85 

a-( i lurone pc n t n u oct ate* 

0.009 

Mannitol 

0.08 

Sucrose 

0.02 

Mel ib lose 

0.009 

Lactone 

0.013 

Mel ess 1 to se 

0.01 

Glucosamine 

0,052 

n-Carbobenvioxy-2-nnilno-a-methyl glucoside* 

0.810 

Methyl xylnfurnnoHidc 

0.440 

Sallcln 

0.526 

Turanose 

0.042 

Potnnslum (flucofle-l-phosphate 

0.003 

D-Ribose 

0,209 


• Test substance wqb applied to the paper In ethanolie 
solution and dried before placing In the chamber. 

In Table 1 are shown the R t values of a series of com¬ 
pounds determined by using potassium permanganate. 
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Paper Chromatography of Proteins 
and Enzymes 1 

A. E. Franklin 8 and J. H. Quintal 

Montreal General Hospital Research Institute, 

Montreal, Canada 

The original work of Oonsden, Gordon, and Martin (J) 
on the paper chromatography of substances of biological 
importance has been extensively developed, and a large 
literature has accumulated which cannot be adequately 
summarized here. 8o far as we are aware, however, there 
U no report of the separation of protein molecules by 
paper chromatography. 

We wish to report preliminary results of an investiga¬ 
tion of the paper chromatography of proteins and en¬ 
zymes. Our work shows that it is possible to study the 
movements of proteins on paper, and to determine the 
conditions under which proteins may be separated by this 
means. It is also possible by the same means to bring 
about separation of the components of enzyme mixtures, 

1 Aided by a grant from the National Cancer Institute of 

Canada. 

•Holder of a Canada Packers Research Fellowship of 
McGill University. 


and to study enzyme activity, manomotrically, on paper. 

Our work has been greatly facilitated by the use of 
hemin as a “marker,” the presence of a protein-hernia 
complex on paper being easily shown by the benzidine- 
hydrogen peroxide reagent. We employ buffer and 
aqueous salt solutions, instead of nonaqueous solvents, 
as developing agents. 

The technique employed is that of Williams and Kirby 
(£), which involves chromatography by capillary ascent. 
Whatman No, I sheet filter paper has been used through¬ 
out this work. When drying is complete, the paper is 
streaked with freshly prepared benzidine reagent, using 
a small paint brush. Color development is immediate and 
intense, and should be photographed almost immediately, 
as a background color develops gradually and this tends 
to obscure the color from the protein-hemin complex. 

Protein solutions , Ten mg crystalline protein is dis¬ 
solved in 1 ml of distilled w f ater or saline and to this is 
added 0.02 ml of 2.0% hemin, which has been dissolved in 
3% sodium bicarbonate solution. Aliquots of 0.01-0.02 
ml are used for chromatography. 

Developing solutions. A search for suitable developing 
solutions has resulted in the exclusive use of aqueous 
solutions of salt* and buffers. For buffers, 50 ml of a 
m/ 5 solution of the salt is adjusted to the desired pH 
with a N/5 solution of HC1 or NaOH and the volume is 
made up to 200 ml. In the case of acotate-HCl buffers, 
normal solutions are used. Salt solution concentrations 
are usually in the region of 1-2%. 

The use of organic solvents gave unsatisfactory results. 
n-Butanol saturated with water allowed extremely little 
movement of proteins and favored the formation of an 
immediate, deeply colored background on application of 
the benzidine reagent. Aqueous solutions of ethylene 
glycol, propylene glycol, ethanol, or acetone induced max¬ 
imum or near maximum movement. All proteins tested 
moved about tbo same distance under these conditions. 

Benzidine reagent . The preparation is made as fol¬ 
lows: Equal volumes of saturated alcoholic benzidine solu¬ 
tion and 3% hydrogen peroxide are mixed and made acid 
with glacial acetic acid. Fresh reagent must be prepared 
daily. Poor color development results if the hydrogen 
peroxide stock solution has decreased in strength. 

Color development with protein-hemin complexes is gen¬ 
erally blue, but may be purple, brown, or green. Some 
salts, e.g., magnesium sulfate and sodium phosphate, inter¬ 
fere with color development. Citrate, glucose, trisodium 
phosphate, and potassium hydrogen phthalate at some pH 
values give rise to a doep purple color. 

Background color development varies considerably, de¬ 
pending on the ease with which the benzidine reagent is 
oxidized. Acid pH values tend to retard background 
eolor development, while alkaline pH values give rise to 
a deeply colored background. Photographs are made of 
the chromatograms at the optimal development of color. 
It is necessary to photograph the chromatogram while the 
paper iB still damp. 

Hemin. A stock solution of 2% hemin in 3% sodium 
bicarbonate solution 4iraa prepared and 0.02 ml was added 
to 1 ml of the protein solution. In the proteins studied. 
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Pigs. 1-4. Composite photographs of unldimenslonal chromatograms of hemin and prolein-hcmin mixtures, showing 
the effects of chnngos ot pH from 2 to 10 at 1-pH-nnlt Intervals, from left to right, 1. Hemlu coutrol. 2. Bovine serum 
albumin-hemln. 3. p-Lactoglobulln-hemln, 4. 'y-Globulln-hemin. 


it has been observed that tlio presence of homin does not 
alter the R f value of tlio protein. 

A control homin chromatogram, in which 0.02 ml is 
diluted to 1 ml with distilled water, shows that move¬ 
ment is nil up to pH 5 and very slight at pH 6, and that 
it increases considerably above this pH (Fig. 1). Borne 
developing solutions, among them those containing bicar¬ 
bonate, glucose, sucrose, glycine, methionine, alanine, and 
urea, allow maximum or near maximum movement, 

It has been found that some proteins and protein mix¬ 
tures such as egg albumin, pepsin, papain, diastase, and 
urease will not combine with homin. However, if hemin 
is added to a solution of these proteins, chromatographed, 
and streaked with the benzidine reagent, it is noticed that 
hemin remains at or near the point of origin (below pH 
7). If the paper is allowed to stand for some time at 
room temperature, it is found that the background will 
color (to varying degree, depending on the nature of 
the salt in the developing solution), and a colorless spot 
will appear. It will be shown later that this colorless 
region ‘ actually contains the protein. Presumably the 
protein retards background color development and so pro- 
duces a colorless "spot.” Casein and 0-lactoglobulin 
give rise to colorless spots or fractions up to about pH 6, 
and to deep blue fractions at higher pH values, y-Glob¬ 
ulin and bovine albumin give rise to colored fractions 
over the entire pH range (see Figs. 2, 4). 


Time of development . It has not been found necessary 
to allow the solution front to advance beyond 20-25 cm, 
which requires about 90 min. The composition and 
shape of the chromatogram is determined within the first 
20 min, and further development results in a more easily 
evaluated fraction. A complete two-dimensional chro¬ 
matogram may bo obtained within 5 br. 

The protein chromatogram . A long, rather narrow 
finger is formed, provided that the protein combines with 
hemin. The color intensity varies along with the finger, 
depending on the pH with which it is developed, Bovine 
albumin-hemin at pH 2 shows two intensely colored frac¬ 
tions inside the finger (Fig. 2). It may be shown that 
the greatest portion of the protein is concentrated in 
the leading fraction, and only traces remain in the finger* 

One-dimensional chromatography results in the forma¬ 
tion of a yellow-colored solution front, which fluoresces in 
ultraviolet light, and at pH 2, two separated bands ap¬ 
pear at the leading edge of the chromatogram. Two-di¬ 
mensional chromatograms result in a series of villua-like 
structures appearing in the second dimension. The pres¬ 
ence of proteins on the paper tends to repress the full 
movement of those structures that are in the immediate 
vicinity of the protein. 

'Effect of pH. The variation of protein movement with 
change of pH seems to be much the same for aU the pro¬ 
teins studied. At very acid pH values* e.g., pH 2, there 
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usually appears a well-defined leading section. In the 
region of pTI 4-6 there is often little or no movement, 
and where movement does occur, no well-defined leading 
fraction occurs. Above this pH, a largo, well-defined spot 
appears, which is quite constant in size. The R, values 
depend upon pH in a similar way, being least around 
pH 4, which is near the isoelectric point of some of the 
proteins. R f valves and sizes of the spot are remarkably 
constant from pH 6 upwards. 

Chromatography of bovine serum albumin-hemin com¬ 
plex. The R f value of a bovine albumin-horn in complex 
is least in the region of pH 4. At pH 2, there appear 
two separated fractions inside the finger. This is also 
true at pH 3 but the spots are smaller and less intensely 
colored. From pH 5-12, there id a well-defined leading 
fraction, quite constant in size and position (Fig* 2). 

In two-dimensional chromatograms, at pH 4, there is 
movement in the flrst dimension only (Fig. 5). At pH 5, 
with citrate-NaOH in the flrst dimension, and phthalftte- 
NaOH in the second dimension, two separate fractions 
are obtained (Fig. 6). At pH 5.6 with citrate-NaOH 
in the first dimension and acetate-HC1 in the second di¬ 
mension, thero appear two main fractions and a minor 
fraction. At pH 6 and 7 there is a single fraction ap¬ 
pearing in the second dimension (Figs. 7 and 8). 

It has been observed that if bovine serum albumin is 
allowed to remain in solution for a period of more than 
36-48 hr, multiple fractions, sometimes as many as four, 
will appear. Various combinations of buffers have shown 


the separation of these fractions at pH 6 (Fig. 9). 

It is apparent from these results that the crystalline 
bovine albumin which we have used behaves, when a solu¬ 
tion is freshly prepared, as a homogeneous protein at pH 
6-7, whereas two components are present at pH 5-5.5. 

A private communication from Dr. G. Ferlmann, to 
whom we are indebted for our supply of crystalline bovine 
scrum albumin, states that this protein is homogeneous 
electrophoretically from pH 3.0 to 3.8 and pH 5.0 to 10.0. 
In the region of the isoelectric point the protein sepa¬ 
rates into two distinct electrophoretic components. This 
phenomenon seems to be a property of most serum 
albumins and indicates that crystalline albumin prepa¬ 
rations contain several closely related proteins. Paper 
chromatography appears to confirm and may extend the 
results of electrophoretic analysis. 

Chromatography of fi-lactoglobnlin-hcmin complex , It 
is found that the union between p-lactoglobnlin and hemin 
is not complete if the pH is 5 or less, i.e., the leading 
fraction is colorless. From pH 6 upwards, the complex 
shows as an intense bine. Thus the formation of a com¬ 
plex between this protein and hemin is dependent upon 
pH. R t values show much less variation than those of 
bovine albumin. The R, valuo is least at pH 4 and 
greatest at pH G, where it is 0.80. All other values lie 
very close to 0.80 (Fig. 3). 

Two-dimensional chromatograms between pH 6 and 7 
demonstrate that this crystalline protoin is not homoge¬ 
neous. The use of citrato-NaOH in the first dimension 
and tartmte-NaOH, phtlmlate-NaOH, or acetate-HCl in 
the second, shows that there are a number of fractions in 
this sample. However, their complete separation under 
these conditions has not yet been achieved (Fig* 10). 

We are again indebted for this sample of protein to 
Dr. Ferlmann, who states that in 1945 this protein was 
found to be a mixture, there being two distinct electro¬ 
phoretic components in the pH range 3.7-5.0, and also 
between pH 6.0 and 7.0. 

Chromatography of human y-fflobvlin-hemin complex. 
It appears that y-globulin, at the concentrations used, 
does not combine completely with hemin over the entire 
pH range. At each pH value, some combination takes 
place, but it is evident that from pH 3 to pH 8, there is a 
portion that does not combine, the amount of this portion 
decreasing with an increase in pH, 

At pH 2, Y globulin gives riBe to two separate frac¬ 
tions inside the finger, in much the same mannor as that 
shown by bovine albumin, but the fractions are smaller in 
size. Movement is least at pH 4. R, values are 0.78 at 
pH 2.0 and 7*0, and increase to 0.81 at pH 10 (Fig. 4). 

A two-dimensional analysis shows an excellent separa¬ 
tion of two components of y-globulin, the separation oc¬ 
curring at right angles. The first developing solution 
may be a phthalate-NaOH buffer at pH 6.0, 5% am* 
monium sulfate or 2% oxalic acid, followed by 8% tar¬ 
taric acid in the second dimension (Fig. 11). 

Tide protein, according to Dr. G. Perlmann, who kindly 
provided the sample, consists of one main electrophoretic 
component (96% of the total protein content), and it 
■hows a marked boundary spreading, which indicates lack 
of homogeneity* 
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Fio. 10. Two-dimensional chromatograph of 0-lactohuliu- 
hemin at pH G.5. 

Fifl. 11. Two- dimensional chromatogram of 7 -globuUn- 
hemin, using a phthalatc buffer at pH 0.0 In the first dimen¬ 
sion, followed by a 2% tartaric acid In the second dimension. 

Fro. 12. Papain, papain-casein, and casein, in that order, 
developed with 2 % succinic acid as the developing Solution. 

Fm. 13, Papain-bovine serum albumin, dlnstiiHc-fidncto- 
globulin, and /Muetoglobulin developed in a phthulate buffer 
at pH 5.0. There is no separation. 

Ftc,, 14. Hgg albumin developed in distilled water at pH 
0.4. The resulting white spot was eluted, and identified by 
serological meanH. 

Chromatography of enzyme preparations. Some pre¬ 
liminary work has been done on the movement of enzyme 
solutions. Preparations of pepsin, papain, matt diastase 
(commercial preparations from British Drug Houses, Ltd.) 
and ureaso (25-mg Urease-Dunning tablets) were used, 
and it was found that hemin will not combine with any of 
them. After streaking with the benzidine reagent and 
allowing the paper to stand for a time, it is observed 
that, the malt diastase and papain preparations give rise 
to very well-defined, colorless oval spots. The urease 
preparation produces a vertical streak, but the pepsin 
preparation fails to show any definable movement. The 
papain preparation shows R f values of 0.81 up to pH 3, 
which increase to 0.90 at pH 8.0-12.0. The malt diastase 
preparation shows a very constant R, value over the 
entire pH range, varying only between 0.90 and 0.95, 
whereas the urease has an R, value of 0.78 at pH 2, which 
increases to 0.85 at pH 3 and then gradually increases 
to 0.92 at pH 12. It seems likely that paper chromatog¬ 
raphy will be of service in the evaluation and examina¬ 
tion of commercial enzyme preparations. 


Chromatography of mixtures of proteins . One-dimen¬ 
sional chromatograms rarely separate a pair of proteins. 
We have succeeded, however, in separating components of 
a mixture of papain and casein, using 2% succinic acid 
as the developing solution (Fig. 12). The movement of 
papain is apparently retarded by the presence of casein. 
Other proteins have been run in combination with the 
preparations of papain and diastase, but no separations 
werg effected (Fig. 18). 

Chroibatography of egg albumin. Crystalline egg albu¬ 
min was used and, like the enzyme preparations already 
referred to, it will not unite with hemin. It appears as„ 
a colorless spot on a colored background (Fig. 14). It is 
barely detectable below pH 4, at whicli point it has an R r 
of 0,00. This increases to 0.75 at pH 9. 

The identity of the protein present in the colorless 
spot with egg albumin was shown by its ability to form 
a precipitin with a specific antiserum produced in a 
rabbit by albumin injections.® Precipitin formation was 
produced only by the solution of the substance contained 
in that part of tho paper strip believed to contain the pro 
tein, as determined by the streaked control. 

Our results prove that n solution of crystalline egg 
albumin may be chromatographed under the given ex¬ 
perimental conditions, the position of the protein being 
indicated by a well-defined colorless region on a colored 
background, The protein present in this region reacts 
typically with an ovalbumin antiserum. 

Chromatography of a urease preparation and the 
manometric estimation of urease on paper . The question 
arose as to whether enzymes will retain their catalytic 
activities if they are subjected to our chromatographic 
technique. A series of chromatograms was therefore set 
up for this purpose, the enzyme selected being urease. 

The enzyme solution was prepared by grinding twenty 
25-mg Urease-Dunning tablets in a small mortar in 2 ml 
of a 2% cystein-glycine solution that had been adjusted 
to pH 6. It was then centrifuged for 35 min, and the 
supernatant solution was used for chromatography. 
Aliquots of 0.04 ml were applied to tho paper by placing 
0.02 ml on the paper, allowing it to dry, and adding an¬ 
other 0.02 ml. The developing solution was prepared by 
dissolving 2 g cystein hydrochloride in water and ad¬ 
justing tho pH to 6 with caustic soda solution, making 
the volume to 100 ml, and then adding 1 g glycine. This 
reagent should be prepared just prior to use. The solu¬ 
tion was allowed to advance about 20-22 cm. The paper 
was then removed and allowed to stand at room tem¬ 
perature for a few min. While the paper was still 
damp, it was cut into 3-cm sections, starting 0.5 cm from 
the bottom of the paper. The boundaries wore marked 
7 mm on each side of the point of application of the 
‘ aliquot. 

Each section of filter paper was then cut into four 
parts, all of which wore placed immediately in a Warburg 
manometric vessel with 8 ml acetate buffer at pH 5, and 
0,2 ml 30% urea was placed in the side arm. As a con¬ 
trol, a ten times dilution of the original supernatant was 

•This antiserum was kindly prepared for us by Prof, E. 
G. D. Murray, of the Department of Bacteriology, McGill 
University. 
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Distance along the chromatogram in cm 
Fio. 15, Urease activity along the chromatogram. 

used (diluted with physiological saline) and 0.4 ml of it 
placed in the Warburg vessel with 2.6 ml buffer and 0.2 
ml 10% urea in the side ann. A period of 30 min was 
allowed for the contents of the vessel to attain thermal 
equilibrium (37 tt O). The urea in the side tube was then 
tipped into the vessels, and carbon dioxide output rate 
measured manometrirally in the usual way for 1 hr. 

The results show the existence of a distribution curve 
of urease on the paper strip. Traces of enzyme rto left 
at the point of origin, but a fnir proportion ascends the 
paper, whose maximum urease activity lies between 6 and 
12 cm from the origin. On either side of the maximum 
there is a drop in enzymic activity. These results are 
shown in Fig. 15. If a parallel chromatogram is streaked 
with the freshly prepared benzidine reagent, it is found 
that the greatest extent of the colorless region on the 
colored background is fi-12 cm from the origin. 

On assessing the activity of the urease over the entire 
strip, by adding together the activities of the various 
parts of the strip it is found that the total activity 
amounted to 85% of that expected from the amount of 
urease placed on the paper. Another assessment of the 
total urease activity over the entire strip showed a re¬ 
covery of 110%, the assessment being made from a cali¬ 
bration curve previously prepared, relating activity (rates 
of CO a production) to the quantity of urease. These re¬ 
sults show that urease activity is not diminished within 
experimental error by out chromatographic technique, and 
that movement of the urease molecule on filter paper can 
be followed. It is evident, however, from our prelimi¬ 
nary results that metallic constituents of the filter paper 
may appreciably affect the rate of movement of urease 
and possibly other proteins. This needs more study. 

Chromatoffraphy of human serum. A few experiments 
have been carried out cm the chromatography of human 
serum. The results show the presence, at pH 6, of a 
complex mixture of hemin-reacting proteins. Three of 
the fractions appear to give values identical with 


those found with a preparation of crystalline human 
serum albumin. Human scrum globulins do not seem to 
move appreciably in the second dimension. We estimate 
that, with our technique, between 0 and 10 protein frac¬ 
tions appear. This work is now being extended with a 
view to discovering whether paper chromatography of 
blood serum may be used for diagnostic purposes. 
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Tetrazolium Chloride as a Test for Damage 
in Artificially Cured Peanuts 

H. £. Brewer 1 

Department of Botany and Plant Pathology, 

Alabama Polytechnic Institute , Auburn 

The artificial curing of peanuts is being investigated 
in several Southeastern states as one phase of a mecha¬ 
nization program designed to reduce production costs and 
improve nut qunlity. Drying methods found to bo prac¬ 
ticable for certain other oil crops and for cereal crops 
could not be applied empirically to the peanut because of 
the uncertainty of curing effects upon flavor of nuts for 
the food trade and l>eeause of the heat- and moisture- 
insulating properties of the peanut shell. Large scale 
experiments on artificial curing of peanuts, therefore, 
have had to await results of preliminary trials. 

In a series of exploratory curing tests at the Alabama 
Agricultural Experiment Station, using different dTying 
temperatures and rates of air flow, the desirability of a 
quick test of curing effects upon peanut quality soon 
became apparent. It was evident that the standard tests 
of quality in sound, mature peanut kernels—free fatty 
acid percentage, iodine value, and germinability—all re¬ 
quired more time and analytical apparatus than were 
practical for rapid estimates of heating effects upon 
peanuts. Furthermore, germinability could be used at 
time of harvest only for the Spanish variety of peanut. 
The runner variety, which constitutes the great bulk of 
the Alabama crop, germinates only after a period of 
dormancy of several weeks following harvest. 

However, it was assumed that seed viability might be 
correlated with some of those properties of flavor and 
oil quality which characterize peanuts of high market 
value both at time of harvest and after storage. Suc¬ 
cessful use of tetrazolium salts as viability stains in seed 
germination experiments (£, S, d, 7), in determination of 
vitality in miscellaneous plant and animal cells and tis¬ 
sues (fl), and in demonstration of injury by heat in stem 
tissues ( 3 ) and by freezing in maize (I, 4) suggested 
their possible application as a quick test for heat and 
drying damage in artificially cured peanuts. Preliminary 
results indicate that they may be so used. 

1 Present address: Department of Botany, State College of 
Washington, Pullman, Washington. 
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TABLE 1 

HrriflCT or Heating Unshelled Spanish Peanuts for 
1 Hr at Various Tbuferatuubh upon Vitality as 
Shown by Tetrazolium Chloride and 
Germ inability Tests 


Tempera¬ 
ture of 
treat¬ 
ment 
•F. 

Decree of Injury shown 
by tetrazolium vitality test 

Germlna- 

blllty 

Killed 

Serious 

damage 

Slight 

damage 

Undam¬ 

aged 


% 

% 

% 

% 

% 

115 

0 

0 

3 

07 

92 

13d 

0 

0 

4 

90 

93 

143 

ft 

0 

4 

90 

92 

150 

0 

•) 

8 

00 

81 

155 

4 

09 

21 

0 

40 

100 

100 

0 

0 

0 

0 


The peanut seed is exceptionally well suited to the 
vitality stain technique. Porter et al. ( 7 ) pointed out 
the practical difficulty of interpreting vitality stain tests 
in some other leguminous soeds bocause the largo, thick 
cotyledons are stained along with the rest of the embryo, 
thus requiring more time and care for making a separate 
analysis of the radicle and plumule. The peanut’ is un¬ 
like other common leguminous seeds in that the torpedo- 
shaped 1 i germ'' (embryonic axis including plumule, by- 
poeotyl, and radicle) is quite readily detached from the 
cotyledons without overnight soaking or other prelimi¬ 
nary treatment. Also, the plumule is well developed in 
the mature peanut seed, permitting more accurate pre¬ 
diction of normal shoot development than is possible with 
seeds of such legumes as soybeans (7). 

Investigators (£, S , 6, 7) have recommended soaking 
the seeds of other legumes in water for several hours or 
overnight before testing, and immersing them in the 
tetrazolium salt solution for several more hours before 
analyzing them. An accelerated test modified after 
Cottrell (2) was used for the peanut experiments de¬ 
scribed in this paper, in which the separated embryonic 
axis was held in warm water (115° F) for an hour, then 
immersed in a 2% solution of 2,3,5-tripheriyb tetrazolium 
chloride and incubated in the dark at 115° F for another 
hour, after which readings were made. 

Following such treatment, the germs from green or 
naturally dried peanuts give a bright rod stain to the 
plumule, as well as to the entire cross section of the in¬ 
terior of the hypocotyl and radicle. The surface cells of 
the hypocotyl and radicle show only light staining or 
none, hut the heavily stained interior is plainly visible 
through them. In interpreting heating effects of arti¬ 
ficial curing upon the peanut kernels in these studies, 
four criteria of staining were considered indicative of 
four degrees of damage. An unstained germ was judged 
to be'evidence of complete killing. An unstained plumule 
of a germ, which otherwise showed red or pink coloring 
of the interior of radicle and hypocotyl, was considered 
to indicate serious heat damage. A pale red or pink 
staining of both plumule and radicle was interpreted as 
showing medium to slight curing damage. Peanuts un¬ 
damaged by the artificial curing were believed to be those 


whose germs showed a bright red stain throughout,, as 
previously described for the green or field-cured peanuts. 

Table 1 presents results of the tetrazolium st&ininff 
tests on unshelled Spanish peanuts (initial moisture 
range 22-25%) that were run immediately after each 
drying experiment was completed, and the corresponding 
tests of germinability were made on like peanut samples 
at a later time. The utility of the tetrazolium staining 
left in determining the temperature range in which seri¬ 
ous hooting damage in peanuts first occurs is evident 
from data in the table. TetTnzolium tests and germi¬ 
nation counts for untreated peanuts showed essentially 
the same percentages as those listed^ for temperatures of 
115, 130, and 145 a F. 

The studies to determine the relationship between vi¬ 
tality as shown by the tetrazolium staining reaction and 
chemical deterioration of the seeds, as indicated by free 
fatty acid percentage, were inconclusive for the number 
of tests made. However, there was strong evidence that 
the decline in seed vitality accompanying an increase in 
free fatty acids can be accurately estimated by a further 
refinement of the tetrazolium technique. It also has been 
shown by the author in other experiments, results from 
which are to be published elsewhere, that the first marked 
increase in the percentage of such undesirable physical 
properties of peanuts as slipping of skins and breaking 
of kernels during shelling appears in essentially the same 
temperature range (150-100° F), which has been shown 
here to he associated with the first rapid loss of viability. 
It tbereforo appears that the tetrazolium test may be 
used as an indirect measure of boating effects upon bio¬ 
logical, physical, and chemical properties of peanut seeds. 
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Radioiodine and Paper Chromatography 
Technique in the Study of Thyroid 
Metabolism 1 

Garson H. TUhkoff, Robert Bennett, Vera Bennett, 
and Leon L. Miller 

Department of Pathology and Department of Radiation 
Biology, University of Rochester School of Medicine 
and Dentistry, Rochester, New York 

Preliminary studies In this laboratory employing the 
procedure of Fink, Dent, and Fink (3) with radioiodine 
and paper partition chromatography have indicated that 
several of the radioiodine products of unknown nature 

1 Based la part on work under contract With the ARC, 
University of Rochester, Atomic Energy Project. 
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Fio. 1, Distribution on papor chromatogram of Iodine-containing constituents obtained from thyroid hydrolyzate: 

A, unknown ; H, diiodotyroslne; C, monoiodotyroslue; D, unknown ; E, thyroxine; F and O, iodklo; H, diiodothyronine 

(?) ; nnd I, unknown. 

Fio. 2. Radlonutograph of pnpor chromatogrnm run on NnI wl . 

Fio. 8. RadJoautograph of paper chromatogram obtained from alkaline hydrolysis of thyroid gland (48 hr following 

injection of NnJ 1 *' u ). 


previously reported in thyroid hydrolyzate as well as tbo 
solvent artifact may have arisen from the interaction of 
radioiodide and the phenol solvent employed. This paper 
reports the results of a series of experiments aimed at 
characterizing the iodinatod products of thyroid hydroly¬ 
sate using a paper partition procedure modified to avoid 
the interaction of radioiodide and the solvents employed. 

The use of two-dimensional paper partition chroma¬ 
tography in conjunction with radioiodine in the study 
of thyroid metabolism has demonstrated the presence 
in thyroid hydrolysates of thyroxine, mono- and diiodoty- 
rosine, and several compounds of undetermined nature 
(S t 4). Hird and Trikojus (5) have demonstrated the 
presence of thyroxine, diiodothyronine, and possibly 
triiodothyronine as ninhydrin-reactive products from the 
hydrolyzate of thyroprotein, using one-dimensional paper 
partition technique and a solvent consisting of an am- 
xnoniacal mixture of n-butanol and amyl alcohol. 

Bats were given subcutaneously 50 p,c of carrier-free 
I UI and sacrificed at 24, 48, and 72 hr. Thyroids were 
hydrolyzed with 8% Ba(OH) g for 24 hr in a sealed tube, 
the excess barium was removed by bubbling CO t through 
the solution, and the supernatant was placed directly on 
the filter paper. The precipitate was then extracted onoe 
with n-butanol and the filtrate placed on the paper over 
the previous spot. Approximately the equivalent of one 
thyroid gland was used for each paper chromatogram. 

In the preparation of the two-dimensional chromato- 
gram, n-butanol in an atmosphere of NH a was employed 
as one solvent, and a mixture of collidine and lutidine as 
the second solvent. Before use, all solvents were treated 
with a large excess of elementary iodine and then distilled 
to remove the resulting iodine-reactive products. The 
Alter paper employed was Schleicher and Schuell analyti¬ 
cal paper No* 589. The ascending technique of Williams 
and Kirby (6) war employed for the n-butanol solvent 


and the descending technique (1) for the collidine sol¬ 
vent. Radionutographs* wore prepared from the chro¬ 
matograms in the conventional manner and the paper 
chromatograms were then developed with ninhydrin to 
demonstrate the presence of amino acids on the paper. 

A diagram showing the radioactive substances in the 
hydrolyzate is shown in Fig. 1. Spots B and E corre¬ 
spond exactly with ninhydrin spots of 3,5-diiodotyroaine 
and thyroxine* respectively when these substanecS were 
added to a control paper. Radioiodide appears on the 
paper chromatogram as a double spot G and F and these 
were the sole spots observed with the purified solvents em¬ 
ployed (Fig. 2). Spot C was routinely observed as a 
strong radioactive spot and corresponds in position to 
monoiodotyrosine as reported by Dent (£), the occurrence 
of which was aUo shown by Fink and Fink (rf), Spot H 
has not been identified but corresponds in position ap¬ 
proximately to diiodothyronine, as previously reported 
(5). Spots A and D are unknown iodine-containing sub¬ 
stances which appear very faintly, but only A reacted 
with ninhydrin. Spot I has been consistently observed in 
all thyroid hydrolysates and is also of unknown nature. 

Fig. 3 shows a rftdioautograph prepared from a chro¬ 
matogram of a thyroid hydrolyzate; the thyroid had been 
dialyzed exhaustively against cold water prior to hydroly¬ 
sis. The presence of the characteristic iodide double spot 
indicates that free iodide is formed during alkaline hy¬ 
drolysis or that the thyroid gland contains undialyz&ble 
iodide, possibly in bound form. Mono- and diiodotyroslne 
appear os Btrong spots, whereas thyroxine is relatively 
weak. The radioactive spot remaining at the origin is 
most likely a small residue of Bal„ since in other similar 

* We ar? Indebted to Mr. Robert Hoy for the preparation 
of the radioautographs. 

•We wish to thank Dr, D. P. Waihich for a generous 
sample of thyroxine Isolated from lodlnated casein. 
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studies careful removal of barium eliminated this spot 
and did not significantly alter the remainder of the 
chromatogram. Simple extraction of thyroid glands 
with collidine-lutidine revealed in the extracts the pres¬ 
ence of radioactive spots corresponding to free iodide 
and mono- and diiodotyrosine, but no thyroxine was 
detected. This would indicate that mono- and diiodoty¬ 
rosine exist in froe form and are not completely bound to 
protein. 
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The Effects of Antagonists on the 
Multiplication of Vaccinia 
Virus in Vitro 

Randall L. Thompson, Marian L, Wilkin, 

George H. Hitching*, Gertrude B. Elion, 

Elvira A. Falco, and Peter B. Ru**ell 

Department of Microbiology, Indiana University 
Medical Center , Indianapolis 1 and 
The Wellcome Research Laboratories , 

Tuckaboe , New York 

A large series of analogues og purine and pyrimidine 
bases and related substances (0-9) have been tested for 
their ability to interfere with the multiplication of vac¬ 
cinia virus in tissue culture. The method described by 
Thompson (11) measures the multiplication of the virus 
in the presence and absence of added substances. The 
inhibitory effects of substituted amino acids (It) and 
of a phenylalanine analogue (IS) have been reported. 

In the general field of substances which might be ex¬ 
pected to interfere with nucleic acid synthesis, many sub¬ 
stances diminish the rate of multiplication of the virus 
virus during the incubation period, thus having an ap- 
and a few bring about a diminution in the titer of the 
parent virucidal activity. 

In many instances the activities of the analogue on 
vaccinia virus bear a close resemblance to those on 
Lactobacillus casei (0, 9). Thus among the substances 
structurally related to thymine, 5-bromouracil, 5-uitro- 
uracil, ditliiothymine, and isobarbituric acid give small 
but significant and reproducible inhibitions (Table 1). 
Certain amides of aminouracil, such as 5-p-nitrobenzami- 
douracil, show similar activity. 2,6-Diaminopurine ex- 

1 Ports pf this program were curried out at Western Re¬ 
serve University Medical School during 1045 and nt the 
Medical College of Virginia 1046-7. 


hibifcs strong inhibitory effects, which are reversible by 
purines and nucleic acid derivatives (IS). 

Ono outstanding difference between vaccinia virus and* 
the bacterial and other growth systems lies in the failure 


TABLE 1 

Influence of Pyrimidine Analogues on Multiplication 
of Vaccinia Virus 


* 

Compound 

Cone, 

mg/ml 

1 

Increase In 
virus titer 
(logarithm 50% 
end point) 

^° n Treated 

tri>I 

5-BromouraclI . 

0.1 

2.10 

1.70 

5-Nitrouracll . 

0.1 

2.20 

1.80 

6-Hydroxy uracil . 

0.1 

2.20 

1.S6 

2,4-Dlthlotbymine . 

0.1 

1.98 

1.48 

5-p-Nltrobeuzamk1our(iell . 

0.1 

2.30 

1.07 

2,6-Olamlnopurlne . 

0.05 

1.30 

-0.60 

2.4-DUmlno-D,6-(Umothylp.vrimldl»i* 

0.05 

0.1 

1.55 

1.55 

1.59 

1.14 

4-AmJnofollc iiekl . 

0.1 

2.51 

1.92 


of folic acid antagonists to show more than minimal in¬ 
hibitions of the virus. This applies not only to the 
simpler bases, such as 2,4-diamino-5,6-dimethylpyrimidine, 
which exhibit antifolic activity in the bacterial systems 
(&) f but also to the structural analogues of pteroylglu- 
tamic acid (PGA) such as 4-aminofolic acid, as shown 
in Table 1. The inhibitory effects of the structural ana¬ 
logues of PGA are evidenced in many biological systems 
which involve the rapid proliferation of cells (S-4). In 
general, diaminopuriue has been found to have similar 
effects (I, 5, 8). However, a different locus of action 
of the-two antagonists (6) is indicated by reversal studies 
(6 , 8), and by the hematological findings (10). A pos¬ 
sible explanation of the present studios might bo that the 
proliferation of the virus occurs via a pathway which is 
blocked by diaminopurine but not by the folic acid 
analogues. 
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Book Reviews 


Philosophy of mathematics and natural sciences* Hermann 
Weyl. Princeton, N. J.; Princeton Univ. Press, 1949. 
Pp. x + 311. $5.00. 

Philosophers of science have long admired Weyl's 
“Philosophic der Muthematik und Naturwisaenschaft,’ * 
which appeared in Oldcnbourg’s Sandbuoh der Philoso- 
phie in 1927; they have also regretted its unavailability. 
The present volume is in part a translation of that classic 
work with its penetrating analysis of the philosophic 
foundations of arithmetic and geometry, and its clear 
formulation of the concepts of space, time, and relativity. 
The translation is ably done by Olaf Helmer and Joachim 
Weyl, the author’s son. In addition, the book contains 
80 pages of new material in the fo.'tn of six appendices, 
the quality of which elevates this work to a unique rank 
in its field today. 

With respect to subject matter, the appendices cover 
the most important topics of scientific methodology (the 
effects of Godel’s theorems on the structure of mathe¬ 
matics, quantum physics and causality, physics and biol¬ 
ogy). Their attractiveness is greatly increased, however, 
by the author’s philosophic frankness, by his clear state¬ 
ments of the motives for his selection. Up to 1920, the 
continuous, extensive medium of space and time stood in 
the center of philosophic thought. Meanwhile, the dis¬ 
continuous combinatorial structures of quantum theory, 
its concern for symmetries, have become increasingly sig¬ 
nificant. In view of this change, the new portions of the 
book attack “ars combinatorial ' 9 on a very basic plane 
and show its relation to several of the theories of modern 
physics. A new point of view is brought to bear upon 
the problem of chemical valence, and the only regret one 
might feel in reading Appendix I), which deals with it, is 
that the elegant treatment is so condensed as to leave it 
beyond the grasp of many workers in the field. 

Henry Maroenau 

Vale University 

History of the primates: An introduction to the study 
of fossil man . W. E, he Gros Clark. London: British 
Museum (Natural History), 1049. Pp. 117. (Illus¬ 
trated.) 2s fid. 

That well-served character, the intelligent layman, will 
find here an answer to almost any reasonable question on* 
present knowlodge of the ancestry of man. The discus* 
slon is scientific in the best sense but is thoroughly read¬ 
able and nontechnical. From the general principles of 
evolution and of classification through the fosail and 
recent lower primates to fossil man and the rise of Homo 
sapiens, the treatment is amazingly complete for so short 
a book, phrased in such easily comprehensible terms. Its 
excellent balance, its cautious and fair presentation of 
controversial points, and its inclusion of the most recent 
discoveries and studies make this surely among the best 


and perhaps quite the best available work on the subject 
for the layman. 

The more professionally interested reader will be spe¬ 
cially concerned with Professor Lc Gros Clark's com¬ 
ments on the crucial and disputed episodes in human 
phylogeny. Although no one has better right to opinions 
on this subject, he presents the issues fairly and without 
ex-cathedra edicts, but he does quite propdly weigh the 
probabilities. 

The higher primates arc suggested to have arisen from 
some of the more advanced Eocene tarsioids, rather than 
from lemuroids or Jess clearly differentiated prosimians. 
The hominoia group (including both apes and men) is 
believed to have had an independent origin among the 
tarsioids and not to have passed through a eercopithecoid 
stage. All the hominoids are indicated as having a 
common, ultimately monophyletic origin among unspecial- 
izod, mid Tertiary apes from which arose the specialized 
recent apes, on ono hand, and the hominids, on the other. 
Evidence for this degree of affinity of apes and men is 
seen among the generally primitive Miocene apes, still 
typified by Dryopithecus, although the group is now 
known to have been rather highly diverse and to have 
included, for instance, such forms as the somewhat chim¬ 
panzee-like Proconsul. 

The South African Australopitheeinae are stressed. 
The vexatious question of their generic and specific classi 
fication is evaded, and their essential common characters 
are described and illustrated without specification as to 
the several supposedly distinct types. The australopithe- 
cines as a group are regarded as closely related to man, 
either as direct ancestors or as little modified survivors 
of an ancestral stock. 

Pithecanthropus (including Sinanthropus as a syno¬ 
nym) is also considered directly ancestral to later hornin 
ids, It is suggested that descent from Pithecanthropus 
occurred in two difforent lines, one leading to the nean- 
dertaloids as a distinct, specialized offshoot that became 
totally extinct, and the other leading through such forms 
as the Swanscombe, Stoinheim, and Ehringsdorf men to 
modern man, Homo sapiens strictly speaking. 

Each of these phylogenetic decisions invites discussion 
and all will be disputed by one student ot another. This 
is not the place to argue them, and the author continually 
emphasizes that they are matters of opinion in a field 
whore too many of the facts still elude us. 

The book contains no restorations of prehistoric men 
or other fossil primates and is not provided with a 
graphic phylogenetic tree. Most of the illustrations are 
factual drawings of living animals or of known fossil 
remains. The farthest departure from this objectivity it* 
a diagram of the questionable Milankoyitch-Zeuner chro¬ 
nology of the Pleistocene, and the provisional nature of 
this is duly noted. 

This is a well-written, sound, modest book for which 
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we should be duly thankful. Wide distribution in the 
United States of this or of a comparably inexpensive 
American edition would be highly desirable. 

George Gaylord Simpbon 
American Museum of Natural History 

Elmtotvn’s youth: The impact of social classes on adoles¬ 
cents. August B. Hollingshend. Now York: John 
Wiley; London: Chapman & Soil, 1949. Pp. x + 480. 
$5.00, 

Social class in America: A manual for the measurement of 
social status . W. Lloyd Warner, Marchia Meeker, and 
Kenneth Foils. Chicago: Science Research Associates, 
1949. Pp. xiii + 274. $4.25. 

-These two books, both written by sociologists, describe 
the social classes in a Midwestern town which is called 
Blmtown in one book and Jonesville in the other. 

Elmtown’s youth is “an analysis of the way the social 
system organizes and controls the social behavior of high- 
schoobaged adolescents reared in it . 99 The purpose of 
Social class in America is not the description of the town 
as such, but rather, the exposition of methods of ana¬ 
lysing social classes, with illustrative material drawn 
from this town. 

Considered together, the two volumes detract from each 
other. Two sets of pseudonyms are used; yet the char¬ 
acters are recognizable from one book to the other, since 
the leading citizens and informers are naturally the same 
for both. Incidents are somewhat disguised to protect 
the identity of the inhabitants, and these disguises also 
vary, giving a feeling of unreality to the same events in 
this very real community. 

Considered separately, the volumes represent two im¬ 
portant contributions in the study of community life in 
America. 

In Elmtown, Dr. Hollingshend found 735 adolescents of 
high school age in a community of some 10,000 people. 
The comimmity tended to ignore the 345 adolescents who 
were not in school. In general, the children remaining in 
high school belonged to the families in better and more 
stable economic position. 

Many fascinating details are given of the methods used 
to teach children “acceptable and unacceptable behavior 
relative to the family, the job, property, money, the 
school, the government, men, women, sex, and recreation. 
It is perfectly normal for families in the same or an 
adjacent [social] class, concentrated in a particular resi¬ 
dential area, ... to provide their children with signifi¬ 
cantly different learning situations from those of families 
in other classes who Hve in other residential areas . J1 

The analysis of the process by which the young un¬ 
skilled worker adjusts to the demands of the working 
world is particularly interesting. The adolescent takes a 
job to secure “freedom” (from school and from depend¬ 
ence on his parents). The jobs “are mean, dirty, un¬ 
desirable, and generally seasonal or temporary. ” These 
factors ‘ * produce discontent and frustration, which moti¬ 
vate the young worker to seek another job, only to realise 
after a few weeks that the new job is like the old one.” 
The average boy holds five jobs in his first year to a year 
and a half out of school. Afterwards, he becomes a more 


stable worker at a slightly higher rate of pay. 

In Social class in America, Dr. Warner and his co # - 
authors give two measures for analyzing social class. 
The crux of * 1 Evaluated Participation J 1 is persuading a 
community to judge each other’s social class. “The 
Index of Status Characteristics” consists essentially of 
the sociologist rating the individual by judging Ilia posi¬ 
tion ill the social hierarchy in regard to occupation, source 
of income, house type, and dwelling aroa. These facts 
can ordinarily be secured easily. 

The book is probably not the final one in the series 
written by Warner and collaborators. In the reviewer’s 
opinion, there will be still further refinements of these 
measures. The present exposition Will convince most 
readers, however, of the reality of social class; and will 
teach something about the methods of studying a com¬ 
munity. 

My own reaction to the scales of social class is that 
the values used for them are those of the small town 
banker. Most scientists at one time or another must meet 
the inspection of the banker. But in addition, scientists 
class each other’s prestige on a scale having little in com¬ 
mon with tho banker's. 

A class structure for university scientists might be con¬ 
structed along the following lines: 


Upper-Upper. 


Lower-Upper. 


Upper-Middle. 


Lower-Middle. 


Upper-Lower. 


Lower-Lower. 


IInH tho highest originality; constructs 
theories which other scientist test for 
years to come. 

Spends all possible time on research. 
Constructs theories dealing with limited 
areas. Envies the originality of the 
Upper-Upper. 

Is a revered teacher of younger scien¬ 
tists. Can verbalize the theories pro¬ 
posed by two upper classes adequately. 
Publishes an occasional research paper. 
Teaches other scientists, but has no repu¬ 
tation. Has published nothing but his 
doctoral dissertation. 

Teaches a scientific subject in a routine 
manlier to students who are not enthusi¬ 
astic. Turns in grades promptly at the 
end of the term. 

Fails to meet his classes. His students 
complain to the administration about 
him. His knowledge is limited; he takes 
to telling jokes unrelated to his subject. 


A farming community such as Jonesville (Elmstown) 
places at the top people who have been prosperously 
living there for some generations. A group of scien¬ 
tists might place at the top an individual who has been 
rapidly promoted from one institution to another, with 
consequent impoverishment of his bank account, and with 
the additional factor that his' neighbors in a physical 
sense might not know him. Sociologists will have to take 
account of the fact that the human being is complicated 
enough to strive in more than one typo of prestige 
structure, 

HSLMft M, WOLTLR 

American Fsyohdtogical Association 
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NEWS 
and Notes 

Paul P. Ewald, professor of 
mathematical physics at Queen's 
University, Belfast, has arrived here 
to become chairman of the Depart¬ 
ment of Physics at the Polytechnic 
Institute of Brooklyn. Dr. Ewald, 
who is the editor of Acta Cry&tallo- 
grapkioa, plans to return to experi¬ 
mental work in the physics of the 
solid state. 

Robert S. Hotchkiss, formerly at 
Cornell University Medical College, 
has been appointed professor and 
.chairman of the Department of 
Urology, New York University Post- 
Graduate Medical School, a unit of 
the New York University-Bellevue 
Medical Center. Dr. Hotchkiss will 
be in charge of all urological re¬ 
search, teaching, and patient care at 
the Medical Center. 

Sergio De Benedetti, professor of 
physics at Washington University, 
St. Louis, has joined the staff of the 
Physics Department at Carnegie In¬ 
stitute of Technology, Pittsburgh. 
Dr. De Benedetti was associated with 
the Curie Laboratory in Paris dur¬ 
ing the war. 

Linus Pauling, president of the 
American Chemical Society, and di¬ 
rector of the Department of Chemis¬ 
try, California Institute of Tech¬ 
nology, will deliver the second 
bicentennial science lecture of the 
City College Chemistry Alumni As¬ 
sociation on December 7 at City Col¬ 
lege, New York. Dr. Pauling will 
talk on " Structural Chemistry in 
Relation to Biology and Medicine." 

Wallace Waterfall, formerly di¬ 
rector of research and product de¬ 
velopment for the Celotex Corpora¬ 
tion, has been appointed to the newly 
created position of executive secre¬ 
tary of the American Institute of 
Physics. Mr. Waterfall has been a 
member of the AIP Governing Board 
since 1934 and its secretary since 
1943. 


I. C. Gunsalus, professor of bac¬ 
teriology, Indiana University, will 
deliver the second Harvey Lecture 
of the current series at the New 
York Academy of Medicine on No¬ 
vember 17. Dr. Gunsalus will speak 
on "Comparative Metabolism: Bac¬ 
terial Nutrition and Metabolic Func¬ 
tion." 

Visitors to U. S. 

J. F. Toennie., neurophysiologist, 
formerly with the Rockefoiler Insti¬ 
tute in New York, and now engaged 
in electronic developments in Frei¬ 
burg, Germany, is visiting various 
institutions in this country. He may 
Ik? reached at the Institute for Can¬ 
cer Research, Fox Chase, Philadel¬ 
phia 11, Pennsylvania until Decem¬ 
ber 10, when he returns to Freiburg. 

The University of Cincinnati sec¬ 
tion of Sigma Xi presented Ray¬ 
mond A. Dart, of the University of 
Witwatersrand, Johannesburg, as its 
first lecturer of the aeademie year, on 
October 28, Dr. Dart is visiting a 
number of university centers, under 
the sponsorship of the Rockefeller 
Foundation. In addition to the Cin¬ 
cinnati lecture he has presented a 
series of Lowell lectures at Cam¬ 
bridge, as well as others in this coun¬ 
try and Canada. Dr. Dart, dis¬ 
coverer of Australopithecus, lectured 
on "The Fossil Man-Apes from 
South Africa," illustrating his lec¬ 
ture with slides, casts, and fossils 
from his work at Taungs and Ma- 
kapan. 

Visitors at the National Bureau 
of Standards during the week of Oc¬ 
tober 3-7 included: George Camp¬ 
bell of the Plessney Company, Ilford, 
Essex, England; G. Herrberg, chief, 
Division of Physics, National Re¬ 
search Council, Ottawa; G. David 
Scott, assistant professor of physics, 
University of Toronto, Canada; A. 
Strasheim, senior scientific officer, 
National Physical Laboratory, Pre¬ 
toria, South African Union) Richard 
Wieweg, professor, Techaiaehen 
Hoehschule, Darmstadt, Germany y 
F, C. Williams, professor of mathe¬ 
matics, University of Manchester, 
England; and R. W. Gallon, chief 
spectroacopist, Aluminum Labora¬ 
tories, Ltd., Quebec. 


Martin Gusinde, of Vienna, has 
been appointed visiting professor of 
ethnology at the Catholic University 
of America. Dr. Gusinde is giving 
graduate courses in general ethnol¬ 
ogy, and on the Indians of South 
America and the Pygmies of Africa 
and Asia. 

Fritz Strauss, prosector in the 
Anatomical Institute of the Univer¬ 
sity of Bern, is doing research on 
problems of mammalian reproduction 
at the Department of Anatomy of 
the University of Wisconsin. He 
plans to be there most of the 1949- 
50 academic year. 

A. Smekal, professor of physical 
chemistry, University of Darmstadt, 
Germany, Eric K. Rideal, director 
of the Royal Institution of London, 
and W. G. Burgers, professor of 
physical chemistry at the Polytechnic 
Institute, Delft, Holland, were speak¬ 
ers at the Conference on the Solid 
State at the Polytechnic Institute 
of Brooklyn, New York, on October 
15. 

Grants and Awards 

The Nobel Peace Prize for 1949 
has been awarded to Lord Boyd Orr, 
Scottish physiologist and former di¬ 
rector general of the United Nations 
Food and Agriculture Organisation. 
Lord Boyd Orr was president of the 
Congress of World Federalists, held 
recently in Stockholm, and he plans 
to use the prize (this year it amounts 
to about $21,000) to further the 
world federalist movement. 

Rutgers University has an¬ 
nounced the award to faculty mem¬ 
bers of 62 research grants totaling 
$85,560 from the University Re¬ 
search Fund. The grants are for 
the year ending June 30, 1950. Thir¬ 
teen grants, totaling $14,710, were 
made in the field of biological sci¬ 
ences. Sixteen grants, totaling $24,- 
885, were in mathematics and the 
physical sciences. Four, for a total 
of $13,490, were made to support re¬ 
search projects in engineering. The 
other 29 grants were designated for 
the humanities and social sciences. 

The Acoustics Laboratory of the 
Massachusetts Institute of Tech* 
oology has announced the following 
fellowship grants in architectural 
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acoustics for the academic year 
1948-50: the Armstrong Cork Com¬ 
pany Fellowship to Jordan J. Bar¬ 
uch, of Brooklyn, New York; the 
Acoustical Materials Association Fel¬ 
lowship to TJno Ingard, of Gothen¬ 
burg, Sweden. 

Fellowships 

The Harry Bateman Research 

Fellowships in pure mathematics are 
being offered for 1950-51 at the Cali¬ 
fornia Institute of Technology. Fel¬ 
lows must hold a Ph.D. degree and 
will devote the major portion of 
their time to research. In addition, 
they are expected to teach one ad¬ 
vanced course in mathematics. The 
stipend is $3,600 for the academic 
year. For application blanks and 
further information, address the 
Dean of the Faculty, California In¬ 
stitute of Technology, Pasadena 4, 
California. Applications must be re¬ 
turned before February IS, I960. 

At the request of the Office of 
Naval Research, the National Re¬ 
search Council has appointed an ad¬ 
visory committee of astronomers to 
recommend specific research projects 
in astronomy and astrophysics for 
support by ONR. The committee has 
suggested that the average cost per 
project should be about $3,0d0, with 
a maximum of $5,000. When a pro¬ 
posal is selected for support by ONR, 
negotiations will be entered into for 
a contract between the U. S. Navy 
and the institution at which the re¬ 
search will be conducted. Applica¬ 
tions for the support of projects to 
be considered this winter should be 
received at the ONR on or before 
December 15. Full information may 
be obtained from the Chief of Naval 
Research, Washington 25, D. C., 
Attention: Code 432. 

The Educational Testing Service 
Is offering two research fellowships 
in psychometrics for 1850-51,. lead¬ 
ing to the Ph.D, degree at Princeton 
University. Bach carries a stipend 
of $2,375 a year and is renewable. 
Fallows will be engaged in part-time 
research in the general area of psy¬ 
chological measurement at the offices 
of the Educational Testing Service 
and will Carry a normal program in 
the Graduate School. Information 
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and application blanks may be ob¬ 
tained from the Director of the Psy¬ 
chometric Fellowship Program, Edu¬ 
cational Testing Service, Box 592, 
Princeton, New Jersey. 

Colleges and Universities 

The University of Washington’s 
$1,050,050 School of Fisheries 
Building, located on Portage Bay, 
will bo occupied by the school and 
its associated laboratories soon after 
January 1, 1950. The new building 
will house complete facilities for bio¬ 
logical research, including the meas¬ 
urement of the effects of radiation 
on aquatic organisms being carried 
on under the direction of Lauren R. 
Donaldson, in conjunction with the 
Atomic Energy Commission. 

The University of Pittsburgh 
School of Medicine has opened its 
new Addison H. Gibson Laboratory, 
established by a grant from the Ad¬ 
dison H. Gibson Foundation, to pro¬ 
vide additional facilities for studies 
in applied physiology. The labora¬ 
tory will investigate problems of 
arteriosclerosis and provide service 
facilities for the handling of radio¬ 
active isotopes. Campbell Moses has 
been appointed director. 

Meetings and Elections 

Stanford University School of 
Medicine will present its 30 th 
course of Lane Medical Lectures, 
October 31-November 10 at 8:15 
p.m. in Lane Hall, 2398 Sacramento 
Street, San Francisco. The lectures 
will be delivered by James L. Gam¬ 
ble, professor of pediatries and 
chairman of the Department of Pedi¬ 
atrics, Harvard Medical School, on 
various phases of the companionship 
of water and electrolytes in the or¬ 
ganization of body fluids. 

The American Petroleum Insti¬ 
tute will hold its 29th annual meet¬ 
ing in Chicago, -November 7-10. 
Two general sessions will be held 
on the afternoon and evening of No¬ 
vember 9. On November 10 the Di¬ 
vision of Refining will hold a group 
session on “Fuels of the Future/’ 
Papers will be presented at this ses¬ 
sion by William M. Holadsy, of So- 
cony-Vacuum Oil Company, Inc*, and 
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by Walter G. Whitman, of Massachu¬ 
setts Institute of Technology. 

The American Society of Me¬ 
chanical Engineer# wUl hold its 
70th annual meeting at the Statler 
Hotel, New York City, November 29- 
December 2. Seventy-eight techni¬ 
cal sessions will be sponsored by 22 
professional divisions and commit¬ 
tees of ASME, covering the fields of 
power, aviation, applied mechanics, 
fuels, gas turbines, heat transfer, hy¬ 
draulics, industrial instruments and 
regulators, machine design, manage¬ 
ment, materials handling, metals en¬ 
gineering, oil and gas power, process 
industries, production engineering, 
railroad, rubber and plastics, tex¬ 
tiles, wood industries, and petroleum. 

Among the speakers at the meet¬ 
ing will be H. J. Gough, president 
of the Institution of Mechanical En¬ 
gineers of Great Britain, Lillian M. 
Gilbreth, outstanding women engi¬ 
neer, F. C. Ilottcl, of the Massachu¬ 
setts Institute of Technology, Paul 
0. Aebersold, chief of the Isotopes 
Division, Oak Ridge, Tennessee, and 
Hugh L. Dry den, director of aero¬ 
nautical research for the National 
Advisory Committee for Aeronautics. 

A national conference on cardio¬ 
vascular diseases will be held in 
Washington, D. C., January 19-20, 
under the joint sponsorship of the 
American Heart Association and the 
National Heart Institute of the U. 8. 
Public Health Service. H. M. Mar¬ 
vin, president of the American Heart 
Association, and C. J, Van Slyke, 
director of the National Heart In* 
stitute, will be cochairmen of the 
conference, which will bring together 
physicians, scientists, community 
service leaders, and members of al¬ 
lied professions to formulate a com¬ 
prehensive heart disease control pro¬ 
gram. 

The American Meteorological 
Society’s 30th anniversary meeting 
in St. Louis, January 8-fl, 1950, will 
feature ap air pollution symposium. 
On© part of the symposium will be a 
panel discussion on the different 
phases of air pollution abatement. 
This discussion will be opento Sci¬ 
entists, technicians, and the ph$i* 
and/ following a brief 
each panel member** special anbjeet, 
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their comment and questions from 
the floor will be invited. The sec¬ 
ond part will be a series of technical 
papers, selected to emphasize the 
meteorological and climatological 
phases of air pollution, including ur¬ 
ban diffusion of smokes, forecasting 
atmospheric dispersion conditions, 
dispersion from stacks, and climate 
influences on pollution. 

Chairman of the symposium is C. 
A. Gosline, of the E. I. du Pont de 
Nemours and Company, Inc., Wil¬ 
mington, Delaware. 

The Southern Association of 
Science and Industry will hold its 
winter mooting January 23-24 at the 
Hotel Roosevelt, in New Orleans, 
Paul W. Chapman, dean of the Uni¬ 
versity of Georgia, has been named 
general program chairman, and 
James N, Gowanloch, chief biologist 
of the Wildlife and Fisheries De¬ 
partment, of New Orleans, will be 
chairman of the committee on local 
arrangements. There will be three 
discussion sessions on the use of 
research in increasing farm produc¬ 
tion efficiency, preserving and trans¬ 
porting farm products, and finding 
industrial uses for these products. 

The American Association of the 
History of Medicine will hold its 
1950 annual meeting in Boston 'May 
21-23. Members of the association 
who wish to submit papers should 
communicate with the chairman of 
the program committee, Dr. Harold 
Bowditch, 44 Harvard Avenue, 
Brookline, Massachusetts. Papers 
must be submitted before January 
IS. 

The Worcester Foundation for 
Experimental Biology has elected 
the following trustees for a term of 
four years: Charles B. Huggins, pro¬ 
fessor of surgery at the University of 
Chicago; Rear Admiral George W. 
Oalver, U.S.N. (M.C.); and Ralph F. 
Gow, executive vice president of tho 
Norton Company. 

The Institttt Internationale <T- 
Embryologie, an elective body of 
75 members, affiliated with Unesco, 
elected the following officers at a 
recent meeting in Bern, Switzerland : 
president, H. W. Woerdeman, Hol¬ 
land ; vice presidents, E. Fauri- 
FVemiet, France; F. E. Lehmann, 


Switzerland; Paul Weiss, U. &; ex¬ 
ecutive committee members, G. R. de 
Beer, Great Britain, and A. Daleq, 
Belgium; and secretary-treasurer, 0. 
P. Raven, Holland. 

The Coordinating Committee on 
Abstracting and Indexing of Medi¬ 
cal and Biological Sciences met in 
Paris, at Unesco House, June 1-4, 
under the sponsorship of the Nat¬ 
ural Sciences Section of Unesco 
and the World Health Organization. 
The meeting was efficiently organized 
by I. M, Zhukova, head pf Applied 
Sciences, Unesco. Hugh Clegg, Edi¬ 
tor of the British Medical Journal, 
served as chairman, and M. W. 
Woerdeman, editordn-chiof of Ex* 
cerpta Medica and Eileen R. Cun¬ 
ningham, Vanderbilt University 
School of Medicine, served as vice 
chairmen. The meeting was opened 
by addresses from Director-General 
J. Torres Bodet; P. Auger, direc¬ 
tor of the Division of Natural Sci¬ 
ences; N. Howard-Jones, director of 
library and reference services, 
WHO; and F. Verzar, who spoke 
from the point of view of the 
Food and Agriculture Organization. 

Several important decisions were 
made during the meeting. First, 
the members felt that the usefulness 
of the committee which, up to now, 
has been functioning on an interim 
basis, had been fully demonstrated. 
After on appraisal of past activities 
and a discussion of future plans for 
work the members voted unani¬ 
mously to continue on a permanent 
basis under their present relation¬ 
ship to Unesco. Second, while the 
committee recognized that adequate 
indexing of medical literature pre¬ 
sents certain problems not compa¬ 
rable to those of abstracting, it was 
felt that these two methods of mak¬ 
ing information concerning current 
literature available to scientists are, 
in many ways, so closely related 
that the scope of the committee’s 
activities should be enlarged to in¬ 
clude indexing as well. 

Papers given during the meeting 
presented the views of the users of 
abstract services, as well as prob¬ 
lem* involved in the production of 
abstracts. Much evidence was pre¬ 
sented indicating the desirability of 
having the bibliographic detail of 


the entry as complete as possible, 
and of having the author’s name 
come first in the bibliographic en¬ 
try. Both information gathered 
from users of abstracts, and the ex 
pressed views of the members of the 
committee coincided in advocating 
the standardization of the biblio¬ 
graphic form used in the various ab¬ 
stracting services. 

Standardization of abbreviations, 
avoidance of local abbreviations, ana 
adoption of the metric system in all 
medical and biological communica¬ 
tions was endorsed by the committee, 
which also recommended that editors 
of medical and biological journals 
adopt greater uniformity in terms 
and greater precision in the papers 
appearing in their journals. 

Professor Woerdeman and Mrs, 
Cunningham were appointed as the 
committee’s representatives to the 
International Conference on Scien¬ 
tific Abstracting, held in Paris, June 
20-25, following the meeting of the 
Coordinating Committee on Ab¬ 
stracting and Indexing of Medical 
and Biological Sciences (See Sci¬ 
ence, July 29, page 132), Mrs. 
Cunningham presented a report of 
the committee’s activities, which 
was discussed during one of the 
plenary sessions of the conference. 

The official U. S. delegation to 
the international conference con¬ 
sisted of three voting delegates: 
Vemer W. Clapp, of the Library of 
Congress, who served as chairman 
of the delegation and one of the 
vice presidents of the conference; 
Evan Crane, editor of Chemical Ab¬ 
stracts) J. Murray Luck, editor of 
Annual Reviews, and three technical 
advisers; Mrs. Cunningham, Chair¬ 
man, Medical Library Association's 
Committee on Abstracting; John E. 
Flynn, editor of Biological Ab¬ 
stracts, and Eugene W. Scott, Inter 
department Committee on Research 
and Development. Also present as 
consultants and observers were Nor¬ 
man T. Ball, Technical Information, 
Research and Development Board; 
John E. Burchard, Massachusetts 
Institute of Technology; Dwight E. 
Gray, American institute of Phys¬ 
ics; Sanford V. Larkey, Johns 
Hopkins University, Welch Medical 
Library; and R. H. Phelps, Engi¬ 
neering society Library- 
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The conference voted to establish 
a provisional international advisory 
committee to work with Unesco on 
abstracting for one year, pending 
the formation of a permanent com¬ 
mittee. Appointments to this com¬ 
mittee were reported in Science, Oc¬ 
tober 7. 

Eileen R. Cunningham 

Deaths 

Filippo Silvestri, 76, entomologist, 
died at Bevagua, Italy, June 10. 
Dr. Silvestri specialized in the Thy- 
sanura, Entotrophi, and Isoptera. 
He was for many years the director 
of the Laboratory of Entomology of 
the Portici branch of the University 
of Naples, and had retired in 1948. 
He was a Fellow of the Entomo¬ 
logical Society of America. 

William Henry Watters, 73, 

pathologist, died October 10 in 
Hyannia, Massachusetts. Dr. Watt¬ 
ers was at one time professor of 
pathology at Boston University and 
for many years had been an associ¬ 
ate in the legal department of the 
Harvard University Medical Sehool. 

Robert Tilden Frank, 74, gyne¬ 
cologist, died October 1,5 in New 
York City, following a brief illness. 
Dr. Frank has been associated with 
Mount Sinai Hospital since 1006. 
In 1926 he founded its Endocrine 
Research Laboratory and remained 
at its hoad until 1944. 


The dedicatory exercises and for¬ 
mal opening of the now laboratories 
of the Institute for Cancer Re¬ 
search and the Lankenau Hospital 
Research Institute in Fox Chase, 
Philadelphia, are to be held No¬ 
vember 16-16. The flTst day wilD 
be devoted to the formal opening 
exercises, at which Charles F. Ket¬ 
tering will be the principal speaker. 
On the second day, the subject 
1 ‘ Modes of Procedure in Cancer Re¬ 
search ** will be discussed by C. C. 
Little, R. G. Mender, and C. F. 
Huggins, On both days, open 
house and demonstrations will be 
held by the staff. 

An Inaugural sarins of scientific 
programs ia being planned for the 
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spring of 1050 and will be announced 
later, 

A limited number of travel allot¬ 
ments to the Fifth International 
Cancer Congress to be held in 
Paris, July 17-22, 1050, will be 
available to scientists requiring such 
assistance. The recifientB of the 
travel allotments will be selected by 
the several agencies, foundations, or 
societies that support cancer re¬ 
search and that are contributing the 
funds. Applications should be sub¬ 
mitted in letter form, giving in¬ 
formation concerning ago, training, 
publications in cancer or related 
fields, present academic or profes¬ 
sional status, a brief abstract of 
major current investigative work, 
and statement of work to be pre¬ 
sented at the congress. A letter 
from the laboratory director or ad¬ 
ministrative officer approving the 
application is also necessary. Send 
applications to W. U. Gardner, 
Member of Congress Committee, 333 
Cedar Street, New Haven, Connecti¬ 
cut before November 16. 

A Society for Social Responsi¬ 
bility in Science has been formed by 
a group of scientists and engineers 
who met at Haverford College, 
Pennsylvania, on September 15. 

The constitution states the aims 
of the society to be: “. . . to foster 
throughout the world a . , . tradi¬ 
tion of personal moral responsibility 
for the consequences for humanity 
of professional activity, with em¬ 
phasis on constructive alternatives 
to militarism; to embody in this tra¬ 
dition the principle that the indi¬ 
vidual must abstain from destructive 
work and devote himself to construc¬ 
tive work, according to his own 
moral judgment; to ascertain . . . 
the boundary between constructive 
and destructive work, to serve as a 
guide for individual and group de¬ 
cisions and action; to establish and 
operate an employment service . . . 
for those individuals whose convic¬ 
tions necessitate leaving or refusing 
destructive work; to assist those In¬ 
dividuals who suffer economic or 
legal difficulties because of . , , ab 
staining from . -.. destructive ac¬ 
tivity. *:*- 

The first officers are: president, 
Victor Paschkis, director of an on- 
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gineering research laboratory of Cp- 
lumbia University; vice president, 
William F. Hewitt, Jr., physiologist* 
at Howard University School of 
Medicine; secretary-treasurer, Vin- 
eent Cochrane, biologist at Wesleyan 
University. Elected to the council 
of the S8R9 were Leonard Dart, 
physicist for American Viscose Cor¬ 
poration, Marcus Hook, Pennsyl¬ 
vania; Theodore B. Hetzel, of the 
engineering faculty at Havorforck 
College; Fronklip Miller, Jr., physi¬ 
cist ; \ Kenyon College, Gambler, 
Ohio; William T. Scott, physicist at 
Brookhaven National Laboratory 
and at Smith College; and James 
G. Vail, past president of the Ameri¬ 
can Institute of Chemical Engineers. 

The society will work on a unan¬ 
imous basis, rather than by par¬ 
liamentary procedures. Regional 
and functional groups of the SSRS 
are to be organized soon. English, 
Gorman, and Swiss scientists have 
expressed interest in the organiza¬ 
tion. For further information write 
Victor Paschkis, Hidden Springs, 
R.D., NeBhanic Station, New Jersey. 

Recently Received— 

The Maple ton Meteorite. Bharat 
Kumar Roy and Robert Kriss 
Wyant. Geologicul Series of 
Field Museum of Natural His¬ 
tory, Chicago. Vol. VII, No. 7. 
40 ^. 

The Vitamin Content oi Peas as In¬ 
fluenced by Maturity, Fertilisers, 
and Variety . Ethelwyn B. Wilcox 
and Katharine E. Morrell. Agric. 
Exp. Sta., Bull. 337, Utah State 
Agricultural College. 

Annual Report oi the Director oi 
the Department oi Terrestrial 
Magnetism, 1947-48. Merle A. 
Tuvc. Reprint, Carnegie Institu¬ 
tion of Washington Year Book 
No. 47. 

Characteristics oi Residual Insecti¬ 
cides Tosh to the Bouse Fly. 
Willis N. Bruce. Illinois Natural 
History Survey Bull., Vol. 25, Art. 
1. State of Illinois Department 
of Registration and Education, 
Urbana. 

The Spectrum oi Noe a Peraei 1*01, 
Dean B. McLaughlin. Bubl, 
University of Michigan Observa¬ 
tory, Vol, IX, No. 3. 
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Psychology and Scientific Research. 
I. The Nature of Scientific Inquiry 


Hadley Cantril, Adelbert Ames, Jr., Albert H. 

Princeton University, Princeton, New Jersey, 
Hanover Institute, Hanover, New Hampshire, and 
Dartmouth College, Hanover, New Hampshire 

The traditional code of stance—that is, the objectives 
sought und the methods of investigation—cannot satisfy 
the requirements of our critical times, and this is why 
science has failed to measure 14 #, to the opportunities 
and obligations before it. The generally accepted ideas 
of what natural science is and what it is for are out 
of date and need radical revision.—C. J. Herrick {8, V) 

FEELING OF URGENCY for a more ade¬ 
quate understanding of man and his social 
relations can bo sensed in today’s intel¬ 
lectual atmosphere. People are becoming 
more and more anxious about the ability of psycholo¬ 
gists and social scientists to help solve the problems 
arising from our technological advances and from 
the swift social transitions they leave in their wake. 
But unfortunately what Herrick has said about the 
natural sciences applies especially to those sciences 
which deal with man—psychology and the social 
sciences in general. Moreover, in these sciences, in 
contrast to the physical sciences, there seems to be 
less agreement as to what constitutes significant re¬ 
search. 

Obviously, an increase in our understanding of man 
can come about only as we extend our empirical 
knowledge and improve our formulations through 
research of demonstrated significance, And before 
that is possible, w« must increase our understanding 
of the scientific process through which discoveries are 
made. But sometimes the scientist's interest in build¬ 
ing up the content of his discipline sidetracks him 
from a consideration of the scientific process itself 
and creates a lag in the understanding and improve¬ 
ment of scientific tools. What follows is an attempt 
to clarify our thinking about the nature of scientific 
research in those fields which take upon themselves 
the primary mponsibiUty of accounting for man's 
thoughts and behavior, Only then will such research 
accomplish what we have a right to expect of it. 

We shall first consider the nature of scientific in¬ 
quiry, trying to find out why man pursues scientific 
inquiry, anyway—what function it serves him, and 
what-; : Sfwm\ta;,he involved. We Shall then d»- 
■'t^uish;' 1 between scientific inquiry arid scientific 
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method—a distinction which seems necessary to avoid 
certain pitfalls and to assure scientific progress. 
Then we shall try to point out some of the specific 
implications to be derived for psychology from a 
better understanding of the nature of scientific in¬ 
quiry and the role of scientific method and we shall 
indicate to vvhat degree science can be “objective.” 
Finally, some suggestions will be made which might 
accelerate the kind of scientific research that will 
increase our understanding of man. 

The apparent reason for scientific inquiry is es¬ 
sentially the reason for any inquiry—to solve a prob¬ 
lem. Scientific inquiry can never be understood if 
it is somehow put on a pedestal and viewed as some¬ 
thing remote and apart from man’s everyday ac¬ 
tivities. “Science,” says Conant, “emerges from the 
other progressive activities of man to the extent that 
new concepts arise from experiments and observa¬ 
tions” ( 1 , 24). 

These activities of life are carried through in an 
environment which includes people, artifacts, the 
phenomena of nature. Man's only contact with this 
environment is through his senses. And the impres¬ 
sions n»an's senses give him are cryptograms in the 
sense that they have no meaning unless and until 
they become functionally related to man's purposive 
activities. The world man creates for himself through 
what Einstein has called the “rabble of the senses” 
is one that takes on a degree of order, system, and 
meaning as man builds up through tested experi¬ 
ence a pattern of assumptions and expectancies on 
which he can base action. 

Man builds up his assumptive or form world largely 
in an unconscious and nonintellectual way, in the 
process of adjustment and development as he goes 
about the business of life, that is, as he tries to act 
effectively to achieve his purposes. Man often uses 
many of his assumptions without being at all aware 
of them, such as those involved in reflex activity, 
habits, stereotypes, and a whole host of perceptual 
activities. Man is aware of other assumptions from 
time to time as they become relevant to the situation 
at hand, such as loyalties, expectaneies, ideals. Still 
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others, such as intellectual abstractions, can be brought 
to voluntary recall. Man’s actions cannot be effec¬ 
tive unless and until he builds up an assumptive or 
form world that has some degree of constancy and 
verifiability. 1 

What man brings to any concrete event is, then, 
an accumulation of assumptions, of awarenesses, and 
of knowledge concerning the relatively determined 
aspects of his environment as derived from his past 
experiences. But since the environment through 
which man carries out his life transactions is con¬ 
stantly changing, any person is constantly running 
into hitches and trying to do away with them. The 
assumptive world a person brings to the “now” of a 
concrete situation cannot disclose to him the undeter¬ 
mined significances continually emerging. And so 
we run into hitches in everyday life because of our 
inadequate understanding of the conditions giving rise 
to a phenomenon, and our ability to act effectively 
for a purpose becomes inadequate. 

When we try to grasp this inadequacy intellectually 
and get at the why of the ineffectiveness of our pur¬ 
poseful action, we are adopting the attitude of scien¬ 
tific inquiry. Man as scientist tries to understand 
what aspect of his environment is responsible for a 
hitch and then calls upon what knowledge he has 
that is relevant to an understanding of the determined, 
predictable nature of the particular phenomenon in 
question. Modern man uses the scientific method as 
a tool because he has found empirically that he can 
increase his understanding and act moTe effectively 
if his pursuits are guided by some knowledge con¬ 
cerning the determined aspects of the phenomenal 
world. G. H. Mead pointed out (0, 41) that 
. . . Every discovery as such begins with experiences 
which have to bo stated in terms of the biography of the 
discoverer. The man can note exceptions and implica¬ 
tions which other people do not see and can only record 
them in terns of his own experience. He puts them in 
that form in order that other persons may get a like 
experience, and then be undertakes to find out what the 
explanation of these strange facts is. 

Since the scientist’s acquired purpose is to increase 
his understanding of a certain range of phenomena, 
when he experiences a hitch in his understanding of 
such phenomena he tries to bring to conscious aware¬ 
ness the reason for the hitch, that is, he tries to formu¬ 
late intellectual concepts that will explain away the 
hitch., He does this by examining the probable con¬ 
ditional relationships except for which ho, as an ex¬ 
periencing individual in a concrete situation, would 
not fee faced with the hitch. Be abstracts out of the 
hitch-situation those aspects he believes are probably 

.Vibe nature 'ana fraction of man's assumptive or form 
world Is much too large a subject to treat In any detail here 
and most be Reserved forlute* consideration. 


necessary to his understanding of the original hitch., 
In his inquiry, the scientist arbitrarily treats these ab¬ 
stracted aspects of a phenomenon as if they existed 
in their own right. He does not do this simply be¬ 
cause he wants to but because he has to, in order to 
recall and manipulate the phenomenon intellectually. 
The abstractions man is able to form have on him 
whaWDewey and Bentley characterize as a tremendous 
“ liber alive effect,” making possible the voluntary, 
controlled conceptual thinking necessary for scientific 
inquiry and for the use of scientific method. 

From this point of view, we might say in general 
that science is an activity designed by man to increase 
the reliability and verifiability of his assumptive 
world. For it would appear that in the last analysis 
any scientific pursuit—no matter how abstruse it 
seems—is carried on because it is somehow of con¬ 
cern to man. Science is the human effort to under¬ 
stand more about nature and human nature in veri¬ 
fiable, determined terms. The word determined is 
used here in the scientific sense as meaning high in 
prognostic reliability. From this it is clear that real 
progress in any science involves an awareness of out 
assumptive worlds, a consciousness of their inade¬ 
quacy, and a constant, self-conscious attempt to 
change them so that the intellectual abstractions they 
contain will achieve increasing breadth and useful¬ 
ness. Real progress in science means much more than 
merely adding to existing knowledge. 

The processes involved in scientific inquiry would 
seem to be somewhat as follows: (1) sensing the in¬ 
adequacy of the conceptual aspects of our assumptive 
world, thereby being faced with a problem for which 
we must seek an answer; (2) deciding on all those 
aspects of a phenomenon that might have a significant 
bearing on the problem: deciding on those aspects 
except for which the functional activities in question 
would not exist; (3) picking out from the various 
aspects assumed to be involved those that seem most 
important in terms of the original hitch we faeed and 
that will serve as bases for standards we can think 
about and manipulate ; (4) working out some method 
of changing those aspects we have chosen as variables 
or bases for standards and conducting our empirical 
investigations accordingly; (6) modifying our as¬ 
sumptive world on the basis of the empirical evidence 
, concerning the validity of formulations that have re¬ 
solved an immediate problem. 

The solving of the immediate problem will auto¬ 
matically give rise to new hitches and the above proc¬ 
ess constantly repeats itself. 3 

■There eecme to be a striking similarity between the proc¬ 
esses used In scientific hiQulry and tfieprocesees man makes 
use of In bulMing up the assumptive world. Both Science 
and common sense ean be regarded as fanctlonat actlvltiee 
men use* in carrying out Ms Ufe tranaaetlmm. And the 
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Specifically, it seems that scientific inquiry has 
two major functions for man. First, it provides man 
with a bundle of what are called “scientific facts” 
This bundle is composed of his up-to-the-now under¬ 
standings of the determined, predictable aspects of 
nature and is used by him for purposes of predic¬ 
tion and control. There are essentially two varieties 
of these scientific facts: general statements of rela¬ 
tionships of determined aspects of nature which we 
refer to as “scientific laws” and which, in the physi¬ 
cal sciences, tend to be expressed in mathematical 
formulas; second, applications of these general laws 
to concrete situations for purposes of verification, 
specific prediction, or control. The characteristic of 
nil these generalized scientific laws is that tliey dis¬ 
close predictable aspects of types of phenomena no 
matter where or when they occur, irrespective of 
actual concrete situations. 

A second function of science is that it provides a 
conceptual reorganization of the knowledge man has 
already acquired of the determined aspects of nature. 
Here we are trying to increase our range of under¬ 
standing, or, as Dewey and Bentley phrase it, to 
improve our “specification,” that is, our accuracy in 
naming ( 4, 5). Here, for example, the specifications 
involved in relativity are more accurate namings of 
phenomena than are Newton’s concepts, and in this 
sense, Newton’s concepts are not to be regarded as 
“wrong.” This function of science includes that of 
increasing the range of man’s conceptual knowledge 
through the discovery of more and more predictable 
aspects of nature that up to the present time re¬ 
main undetermined. 

Understanding and prediction. The aim of science 
is often defined as the attempt to increase the ac¬ 
curacy of our predictions. While the accuracy of 
predictions is clearly a most important criterion of 

method of Hdentlflc Inquiry seems in many ways to be an 
unconscious imitation of tho«© aire-old process?* man haa 
employed in bis common-sense solutions of problems. In 
common-sense activity, the assumptions and awarenesses on 
which man depends for effective action are the hypotheses 
he has hunt up from hi# many experiences: weighted aver¬ 
ages he unconsciously uses to give him a high prognosis for 
effective action. 

There are, however, certain important differences between 
the steps Involved in pursuing scientific Inquiry and the ap¬ 
parent processes that constitute common sense. A most Im¬ 
portant difference is the fact that In using scientific inquiry, 
man Is the operator who decides what he is going to operate 
on and how. In an everyday life situation, however, man 
is not only the operator but be is also being operated on and 
must carry out his activities in the midst of the situation 
Itself, When we meet hitches in everyday life and try to 
bVsrcome them with hunches for effective action, we test 
these hunches by the action Itself In a more or less Insight¬ 
ful, more or less conscious way. In scientific inquiry, on 
the other bend, hunches are tested by controlled experiments 
afcd a deliberate attempt is made to Intelleotualiae the proe- 
egs« ihyoivad (of, a). 


progress in scientific formulation, emphasis on pre¬ 
diction alone can easily obscure the more fundamental 
aim of science covered by the word understanding. 
When we use the word understanding we are giving 
emphasis to the importance of increasing the range 
of our conceptual knowledge. Increased accuracy 
of prediction will be an inevitable coproduct of in¬ 
creased understanding in this sense. Any increase 
in understanding is also inevitably accompanied, 
sooner or later, by an increased ability to control 
variables and to apply our knowledge. Understand¬ 
ing also avoids the implication of a rigid determinism 
which seems, among other things, to be inconsistent 
with the fundamental indeterminism of modern 
physics. 

Every scientific investigator must bear in mind 
that it is impossible for scientific research to disclose 
the unique specificity involved in any one actual oc¬ 
casion—e.g., the student of modern physics knows 
that there is no law governing the behavior of an in¬ 
dividual atom. And the investigator must also re¬ 
member that it is impossible to predict with any com¬ 
plete accuracy the specific nature of growth and 
©mergence, which are themselves undetermined. 
While it is impossible to determine the undetermined 
nature of emergence, it is still possible to increase our 
scientific knowledge about emergence through under¬ 
standing more about the relatively determined phe¬ 
nomena immediately related to these undetermined 
emergent aspects. For example, we may hope to un¬ 
derstand more about the extent of the undetermined 
field; to understand more about the conditions which 
make it possible for the undetermined aspects to 
emerge. In other words, our understanding of emer¬ 
gence can improve only insofar as we become more 
and more aware of the boundaries of our determined 
world. 

It is here that many of those who equate science 
with prediction or who use a narrow working defini¬ 
tion of operationiBm are also those who will say they 
want nothing to do with the speculations of philoso¬ 
phy. And yet it is only by taking the philosopher’s 
point of view, by bringing in freely all factors that 
might conceivably be involved in a single situation* 
that we can become aware of the boundaries of our 
up-to-the-now, determined scientific world. In dis¬ 
cussing the role of philosophy, Conant writes that 
“there must be constant critical appraisal of the prog¬ 
ress of science and in particular of scientific concepts 
and operation” (1, 13 f.). In their book on The 
evolution of physics, Einstein and Infeld repeatedly 
emphasize the new philosophic views which have 
both helped to evolve and have evolved from physical 
research. Any scientific investigator who pushes his 
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field of inquiry beyond the realm ot‘ the determinable 
and the repeatable out into the no man'a land of 
emergence will inevitably become entangled with meta¬ 
physical problems. In so doing, he can hope that 
what is metaphysical for him today can tomorrow be 
part of the understood, physically determined, repeat- 
able, and verifiable. 

Transactional observation. Our own philosophical 
basis for our thinking concerning the nature and func¬ 
tion of scientific inquiry and scientific method should 
be made explicit. We are using as our take-off point 
What Dewey and Bentley havo referred to in a series 
of articles as a “trans-actional approach.” 3 What 
they mean by the term transactional can best be gath¬ 
ered by their own words. “Observation of this general 
(transactional) type sees man-in-action not as some¬ 
thing radically set over against an environing world, 
nor yet as merely action ‘in' a world, but as action 
of and by the world in which the man belongs as an 
integral constituent” (4, 228). Under this procedure 
all of man's behavings “including his most advanced 
knowings,” are treated as “activities not of himself 
alone, nor even as primarily his, but as processes of 
the full situation of organism-environment” ( 6 , 506). 
“From birth to death every human being is a Party , 
so that neither he nor anything done or suffered can 
possibly be understood when it is separated from the 
fact of participation in an extensive body of trans¬ 
actions—to which a given human being may con¬ 
tribute and which he modifies, but only in virtue of 
being a partaker in them” (5, 198). 

Dewey and Bentley distinguish this transactional 
procedure from two other procedures which they feel 
have largely dominated the history of science up till 
now. First is what they call the antique view of 

* Since this article we* written, Dewey and Bentley have 
brought together In a single volume, Knowing and the known 
(Boston : Beacon Press, 1949) references 3, 4, 3, and 7 

cited here together with other articles previously published 
by them. 


“self-action; where things are viewed as acting unde;? 
their own powers.” Second 1 2 is the interaction view 
of classical mechanics, “where thing is balanced 
against thing in causal interconnection.” In trans¬ 
actional observation, “systems of description and nam¬ 
ing are employed to deal with aspects and phases of 
action, without final attribution to ‘elements' or other 
preemptively detachable or independent ‘entities/ 
‘essences/ or ‘realities/ and without isolation of pre¬ 
sumptively detachable ‘relations' from such detach¬ 
able ‘elements’ ” ( 6 , 509). 4 

While it is easy enough to understand this point 
of view intellectually, it is not nearly so easy to put 
it into operation in pursuing actual scientific inquiry. 
It tends to go against the grain of the psychologist's 
working procedures to regard any formulation merely 
as a certain “connection of conditions” (£, 217). 
And it is perhaps particularly difficult for psycholo¬ 
gists to understand the full implications of the trans¬ 
actional point of view, because, as Dewey and Bentley 
have pointed out, “The interactional treatment, as 
everyone is aware, entered psychological inquiry just 
about the time it was being removed from basic posi¬ 
tion by the physical sciences from which it waa 
copied” (7, 546). But we must remember that psy¬ 
chology, by comparison, is still in its infancy, that 
the transactional approach, which Dewey and Bentley 
trace to the preface of Clerk Maxwell's Matter and 
motion, dated 3877, antedated the first psychological 
laboratory. 

4 In citing these distinctions made by Dewey and Bentley 
we are not Implying (and they may not be) that In our own 
view cither self-action or interaction can by uny mean* he 
completely ruled out In any adequate explanation. Self- 
action Is seen in the behavior of the simplest bodily cell, in 
the uniqueness of individual behavior, in the behavior of "na¬ 
tions," etc., while interactional assumptions nppear to he 
essential first steps in providing an intellectual grasp of the 
form for the flow of transactional processes. The role of 
self-action and Interaction in an Inclusive transactional view 
must be left open as a problem, and cannot be considered 
here in detail. 


(This is the first of a series of three articles.) 
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The MIT International Conference on the Physics of 
Very Low Temperatures, September 6-10, 1949 

John C. Slater 

Massachusetts Institute of Technology, Cambridge , Massachusetts 


L OW TEMPERATURE PHYSICS is a field 
which has been slow and deliberate' in its 
growth. During the last century a group of 
brilliant experimenters succeeded in liquefy¬ 
ing one after another of the “permanent" gases, until 
finally helium succumbed, and there were no more left 
to conquer. ThiR curly work wob international: Eng¬ 
land, Holland, France, a number of countries took 
part in the progress. Then during the first years of 
the present century a great laboratory devoted ent irely 
to very low temperatures was set up at Leidi n, by 
Kainerlingh Onnes. A succession of brilliant dis¬ 
coveries came from this great installation, and estab¬ 
lished it as the foremost laboratory of the world in 
the field. It was not long to stand unchallenged, how¬ 
ever. In England, Kapitza pioneered in the modern 
school of low temperature work, at Cambridge; there 
the Royal Society Mond Laboratory was founded, 
carrying on in the field after Kapitza’s departure for 
Russia, and today, is one of the leading English low 
temperature laboratories. The Clarendon Laboratory 
at Oxford, profiting from Jhe departure from Ger¬ 
many of some of the leading low temperature workers 
of that country as a result of Hitler’s policies, has 
built up a low temperature laboratory of the first 
magnitude. The Russian school of low temperature 
physics, established by Kapitza on his return to that 
country, forms one of the leading groups in the field. 
In Canada the laboratory at Toronto, in the United 
Stuteg those at the University of California and the 
National Bureau of Standards, were working before 
the war. A few other institutions have been active, 
but before the war it was a branch of physics con¬ 
fined to a few places, largely because of the magnitude 
of the installations required, and the difficulty of the 
experimental techniques encountered. 

Since the war, the interest in low temperature phys- 
ics has greatly increased, particularly in the United 
States. There are probably two quite different rea¬ 
sons for this. One is a practical, experimental one. 
The development of new techniques of liquefaction, 
as a result of work undertaken for military purposes, 
has made the production of liquid helium (at least in 
this country, where the helium itself is plentiful) no 
lunger a ma jor undertaking, but a relatively easy task. 
This has led a considerable number of laboratories 


to move into the fascinating field of low temperature 
research, perhaps partly unaware of the fact that the 
production of liquid helium is only a small part of 
the experimental problem encountered in getting sig¬ 
nificant new scientific results. The other reason for 
the increasing interest in very low temperatures is 
probably the attraction of a field where major prob¬ 
lems still stubbornly refuse to yield to theoretical 
explanation. 

There are probably three principal lines of low tem¬ 
perature research at present: superconductivity, the 
properties of liquid helium, and low temperature 
paramagnetism, with its related technique of adiabatic 
demagnetization. The first two of these still defy all 
attempts at the construction of theories. It is true 
that partial theories exist; but they are very far from 
being complete or satisfactory. This is the only point 
at which the study of matter in bulk still shows the 
qualities of a challenging puzzle, qualities which are 
so characteristic of nuclear physics. Until the physi¬ 
cist can explain these strange facts, he will not rest 
content. 

The olher active field, low temperature paramagne¬ 
tism and adiabatic demagnetization, shows no such 
mysteries, but it nevertheless has its particular rea¬ 
sons for being interesting just now. It relates to the 
energy levels of electronic spins in crystals. These 
energy levels arc associated with absorption fre¬ 
quencies in the microwave part of the spectrum; and 
the greatly expanded interest in microwaves as a re¬ 
sult of wartime developments has turned physicists 
in this direction. Not only the electronic, but also 
the nuclear resonance is concerned in these proper¬ 
ties; very shortly after the war, it was found that 
nuclear absorptions occur in the radiofrequency part 
of the spectrum. These studies lead to an exciting 
possibility : just as the adiabatic demagnetization 
using electron spins has led to the lowest tempera¬ 
tures so far attained, a few thousandths of a degree, 
so there is the possibility that use of nuclear reso¬ 
nance may make it possible to reach temperatures of 
the order of millionths of a degree. 

Before the war, there were relatively few low tern- 
perature physicists. They had meetings, among 
others, every four years in connection with the Re¬ 
frigeration Congresses of the International Institute 
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of Refrigeration, on organization largely devoted to 
the practical side of refrigeration, but having a very 
active committee, largely stimulated by the group at 
Leiden, concerned with the fundamental side of very 
low temperature research. This organization became 
dormant during the war, but in July 1948, at the 
Amsterdam meeting of the International Union of 
Pure and Applied Physics, a group of low tempera¬ 
ture workers was called together, at the initiative of 
Gorter of Leiden, to consider reviving the interna¬ 
tional meetings of low temperature physics. Two 
suggestions were made: either to encourage the Inter¬ 
national Institute of Refrigeration to resume its ac¬ 
tivities, or to organize a Commission on the Physics 
of Very Low Temperatures under the auspices of the 
International Union of Pure and Aj>plied Physics, an 
organization which has been much more active since 
the war than before. Even better than either of these 
suggestions was the possibility of following both of 
them. This is essentially what is being done. 

The International Union of Pure and Applied 
Physics was already in active existence, it was known 
to be favorable toward a suggestion for forming a low 
temperature commission, and Gorter and Slater, both 
of whom were at the Amsterdam meeting, were vice 
presidents. Accordingly it was felt that a meeting 
could be arranged more expeditiously through this 
union than through the International Institute of Re¬ 
frigeration, The suggestion was made that a confer¬ 
ence be called for 1949, associated with the Union of 
Physics, preferably in America, and nn invitation was 
at once issued by the Massachusetts Institute of Tech¬ 
nology. It is this conference which has just occurred. 
On the other hand, the other approach was not neg¬ 
lected. The scientific committee of the International 
Institute of Refrigeration has been reestablished, 
under the joint presidency of F. E. Simon of Oxford 
and C. J. Gorter of Leiden, and it is actively working 
on plana for a future conference on the physics of 
very low temperatures, under the joint auspices of the 
Institute of Refrigeration and the Union of Physics, 
to meet probably in England in 1951. Meanwhile, the 
low temperature commission of the Union of Physics 
has been constituted, under the presidency of Simon, 
with Gorter acting as secretary, and it held its first 
meetings in connection with the MIT conference. 

The planning of the MIT conference was carried out 
by Simon, Gorter, and Slater, with much use of the 
airmail, as well as personal discussions on the occasion 
of the Amsterdam meeting, and at more recent oppor¬ 
tunities. It was realized from the first that, in order 
to have & truly international meeting in the United 
States, most of the leading workers in the field would 
have to be present, and this would involve securing 


of funds, in,dollars, enough tomake possible the jour* 
ney of a considerable number of scientists across the 
ocean. The preliminary estimate was sixteen, and this 
proved to be remarkably accurate: just this number 
had the major part of their traveling expenses paid, 
us well as several to whom partial payments were 
made, and several others who found other sources of 
funds, so that some twenty-five European worker* 
were present. 

Application for funds was of course made to the 
International Union of Pure and ^Applied Physics, 
which has at its disposal small grunts which come 
from Unesco. Largely through the friendly interest 
’and efforts of Professor Floury, secretary of the 
union, funds to the amount of $2,500 were secured, 
intended principally for the traveling expenses of the 
members of the Commission of the Union. It was 
obvious from the first that the major part of the sup¬ 
port would have to be raised from American sources, 
in dollars, and it was an interesting experiment in the 
financing and arranging of international conferences 
in this country to see how difficult this would be. For¬ 
tunately, we appealed to President Killian, of MIT, 
for suggestions, and he personally agreed to help with 
the securing of funds. Through his efforts, successful 
appeals for support were made to the Research Cor¬ 
poration, which made a contribution of $5,000, and 
Arthur D. Little, Inc., which contributed $2,500. In 
addition, MIT itself agreed to make a substantial 
contribution. Without these sources of funds, the 
conference could not have been held. 

Announcements were sent to a fairly large mailing 
list, with requests for suggestions of additional persons 
who should be invited, and it was possible to invite 
all those who were thus suggested. This procedure 
was one which had been used for other MIT confer¬ 
ences on various subjects, and it seemed to be a good 
compromise between a very small, exclusive confer¬ 
ence, and a very large one, announced publicly, with 
no semblance of an invitation list, which plan we at no 
time considered for the present conference. The re¬ 
sult of this procedure was an attendance of about 200. 

Two other conferences were in a way combined with 
this one. In the first place, the Office of Naval Re¬ 
search arranges small, closed conferences at periodic 
intervals for its contractors who are working in the 
Low temperature field, a group which includes almost 
all the principal low temperature laboratories in the 
United States. They agreed to omit the conference 
which they would have scheduled at approximately the 
time of the MIT conference, feeling that that would 
adequately take its place. In addition, a group in 
the United States hacl scheduled conferences on low 
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temperature calorimetry at periodic intervals, often in 
conjunction with the ONE conferences. Members of 
that group were also invited and held their confer¬ 
ence on one of the days of the larger conference, in 
parallel with it (see Science, 1949, 109 , 348). Thus 
a considerable number of industrial representatives 
were present, a fact which should prove to be a 
stimulus to low temperature work in industry in this 
country. 

In arranging the program, os in choosing the mem¬ 
bership of the conference, there were two possibilities: 
to have only invited papers, suggested by the commit¬ 
tee, or to throw the meeting open to a wider group of 
speakers. Here again the choice was for the wider 
invitation, since we felt that there were many cases 
where speakers whose work was not well known to the 
committee might have important and interesting con¬ 
tributions to make. Accordingly the possibility was 
opened for any one attending the conference to sug¬ 
gest topics on which he would like to talk. This re¬ 
sulted in a rather full program; the only restriction 
which the committee placed on the suggested papers 
was that they should represent rather new work. The 
consensus of those attending the conference was that, 
though the meetings were strenuous, there was great 
value in getting a more complete view of the field. 

The papers on the program fell naturally into a few 
main divisions, based on the current fields of iuterest 
in low temperuture research. There was liquid he¬ 
lium, with numerous speculations about the theory of 
the superfluid phase, new results on the liquid helium 
film, and much new information on the behavior of 
the isotope He 8 , which appears not to show the super¬ 
fluid behavior, lending support to the hypothesis that 
it is the Bose-Einstein statistics (which govern the 
behavior of'He 4 but not of He 8 ) which are responsible 
for some of the peculiar properties of liquid helium. 
Paramagnetic resonance, nuclear resonance, and adi¬ 
abatic demagnetisation came in for a good deal of 
discussion. There were a number of papers on super¬ 
conductivity, both theoretical and experimental. In¬ 
teresting low temperature effects on electrical conduc¬ 
tion, semiconductors, diamagnetism, and various other 
topics were discussed; and there was a session on he¬ 
lium liqueflers, including a treatment of the Collins 
cryostat, developed at MIT during the war, and per¬ 
fected by Arthur D. Little, Inc., which has furnished 


much of the recent impetus to the development of low 
temperature work in this country. 

All of the topics of present interest in low tempera¬ 
ture research were covered; and, more important, all 
the important laboratories were represented by their 
principal workers, so that discussion was lively and 
authoritative. Nearly everyone whose earlier work 
was mentioned was in the room, ready to comment on 
the papers. The only important group missing was 
that from Russia. They were invited, but sent their 
regrets, the term in Moscow starting too early to per¬ 
mit their attendance. Unfortunately, their letter of 
regret, enclosing numerous reprints, reached Cam¬ 
bridge too late to be reported at the conference, but 
their work was of course well known to the other re¬ 
search groups, and was thoroughly considered at the 
conference. 

The members of the conference lived together at a 
new dormitory on the MIT campus. In many ways 
the most useful feature was the way in which all the 
workers in the field became acquainted. Many of the 
European visitors had opportunity not only to visit 
Cambridge for a longer period than the actual week 
of the conference, but to visit numerous other Ameri¬ 
can low temperature laboratories. Such an inter¬ 
change of acquaintance and ideas can well be invalu¬ 
able in advancing the field of low temperature research. 
A number of the European workers spoke of the 
stimulus which they received as a result of the op¬ 
portunity to hear in a connected way the whole pres¬ 
ent status of the low temperature field. Much greater 
than this, however, was the benefit to the American 
scientists, many of whom were new to the field, and 
who had the opportunity to come to know the masters 
of the subject personally and to learn at first hand of 
the difficulties and intricacies of research in this diffi¬ 
cult field. The conference may well have hud the 
effect of speeding up by a number of years the time 
when the many new American groups in low tempera¬ 
ture research will get through the process of learning 
techniques, and will be able to start making significant 
contributions. 

Based on the introduction to the Proceedings 
of the Conference on Low Temperatures , to be 
published shortly by the Research Laboratory of 
Electronics of the Massachusetts Institute of 
Technology . 
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Haney Colloquium on the Mechanism of Carbon 
Combustion, September 27-30, 1949 

Lothar Meyer 

Institute for the Study of Metals, University of Chicago, Chicago, Illinois 


T he reaction of carbon with 

OXYGEN is probably die chemical reaction 
used more than any other one. However, 
our knowledge of its mechanism is still sur¬ 
prisingly limited. It was, therefore, of great general 
interest that the Centre Nationsle de la Recherche Sci- 
entiflque of Prance organized a colloquium on the com¬ 
bustion of carbon, in Nancy, France, September 27- 
30, 1949. Only about twenty-five to thirty scientists 
invited from France, Belgium, England, and this 
country participated. In this way a splendid oppor¬ 
tunity was created for a thorough exchange of opinion 
in a field where there are many discrepancies between 
the different investigations. 

The colloquium was opened by Professor Terroine, 
president of the foreign relations commission of the 
center, who welcomed the visitors and stressed the im¬ 
portance of research and the exchange of ideas for 
postwar recovery. 

The first day was devoted to fundamental research. 
R. Strickland-Constable (London), X. Duval (Nancy), 
and L, Meyer discussed the reactions of pure graphite 
with pure oxygen, CO a , H s O, and N a O under such 
conditions (e.g,, very low pressures) that one can be 
reasonably sure of investigating only the primary 
reaction of the attacking gas with the solid surface. 
Such investigations were initiated in 1915 by I. 
Langmuir, who even then found contradictory re¬ 
sults. The discrepancies between tbe more recent 
investigations are still far beyond ordinary experi¬ 
ments 1 errors and are probably due to the peculiar 
properties of graphite. 

There exists an almost continuous transition from 
amorphous carbon to graphite. Graphite itself has 
a great tendency for “stacking errors.” The graphite 
crystal consists of parallel planes of carbon atoms ar¬ 
ranged in neat hexagons and held together by strong 
chemical bonds. Each plane is held to the next by 
comparatively weak van der Weals forces. Even if 
the planes are parallel to each other there still exists 
a great variety of possible “disorder” in the sense 
that the planes may be rotated relative to each other 
around the hexagonal axis. 

Miss R. FranMin (Paris) reported on a very inter¬ 
esting systematic 

amorpboittB carbon to graphite over different crystal 
StateThedisttmcehe- 


* 

tween ordered planes is 3.34 A, but increase* to 
3.41 A if a Stacking error occurs. The apparent dis¬ 
tance found in x-ray pictures depends on the degree 
of order, as it is the average of the number of ordered 
and the number of disordered distances. 

Usually stacking errors and similar faults in crys¬ 
tals produce only effects of second order. In graphite 
they apparently have a strong first order influence 
on physical properties (such as electric conductivity) 
and kinetic behavior in chemical reactions. The 
amazing discrepancies in kinetic investigations (not 
only of the primary reaction but also technical investi¬ 
gations) probably must be blamed on differences in 
degree of order and crystal size. H. L. Riley (Work¬ 
sop, England) emphasized, therefore, the necessity 
for a better correlation of systematic structure inves¬ 
tigations with kinetic research. 

Audubert and Busso (Paris) reported on experi¬ 
ments to measure and evaluate the radiative effects 
of the reaction C + O a . Daudel (Paris) discussed 
the properties of graphite from tbe point of view 
of quantum mechanics, and Busso compared these 
calculations witb experimental evidence. 

The contributions about the reaction of carbon in 
the form of fuel under conditions similar to the tech¬ 
nical processes revealed such an amazing amount of 
detailed experience (partly due to British Wartime re¬ 
search) that it is impossible to give a short account. 
The group (D, T. A. Townsend, D. H. Bangbam, 
H. C. Crone, J. R. Arthur) representing the British 
Coal Utilization Research Association (BCURA, 
Leatherhead, England) presented extensive material 
about widely differing problems such as the role of 
peroxides in the oxidation, the modes of burning of 
fuel, the mechanism of energy release, and the influ* 
ence of impurities on the mode of combustion. The 
latter problem was also discussed by K* W. Sykes 
(Swansea, England) on the basis of wartime research 
- results, E. Mertens (Louvain, Belgium) and Arthur 
(BCURA) fried to determine the primary reaction 
of combustion at the surface by adding substances 
which inhibit secondary reaction in the gaB phase. 
Prattre (Lyon, France) gave & short report on an im¬ 
proved method of calculating producers. 

If. Letort (Nancy) and his eo-workers presented 
new detaiie about- foe 
' cred by Letort. If 
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ture in an indifferent atmosphere—such as N a —after 
having burned for a time, the reactivity increases 
strongly. By repeating this treatment the reactivity 
can be increased up to five times the initial one. 

Papers and discussion remarks were given in Eng¬ 
lish and French. P. Goldfinger (Brussels, Belgium) 
acted as interpreter; his summaries in the language 
not used by the speaker were in themselves a valunble 
contribution to the discussion. 

All contributions and the full discussion will be 
published shortly in Journal de Physique et de Chimic, 
PariB. 

The organization of the meeting (by M. Lotort, 


Nancy) was an impressive example of French hospi¬ 
tality. Receptions by the mayor of Nancy and the 
director of University of Nancy in the respective his¬ 
toric buildings, a night visit to the ancient Ducal 
Palace, visits to the modern foundry at Pont h Mous- 
son (at whose ancient university Pere Marquette was 
professor before coming as an explorer to this coun¬ 
try) and the salt mine at St. Nichlas gave excellent 
opportunities to get acquainted with different aspects 
of life in France. One waB convinced that the heroic 
efforts of France, not only to repair the material dam¬ 
age of the war, but also to keep alive her great cul¬ 
tural tradition, have been amazingly successful. 


Symposium on Brucellosis, September 22-23, 1949 1 

James T. Culbertson 

National Institutes of Health, Bethesda, Maryland 

A SYMPOSIUM ON BRUCELLOSIS was the disease in swine have not justified field trial of 
held at the National Institutes of Health, these agents, W, L. Boyd (University of Minnesota) 
Bethesda, Maryland, September 22-23, pointed out that brucellosis may occur in such farm 
1949, under the auspices of the National animals as gouts, sheep, horses, dogs, cats, and poul- 
Institutes of Health, the Bureau of Animal Industry, try, although only in the goat and horse, among those 
and the National Research Council. The meeting was species just named, is the infection significant in either 
organized by C. L. Larson, National Institutes of human or veterinary medicine in the United States. 
Health, and C. K. Mingle, Bureau of Animal Indus- In closing the morning session, H. L. Gilman (Cornell 
try. Dr, Larson served as chairman at all sessions. University) emphasized the importance of the 
In the opening paper, Alice C. Evans (Bethesda, slaughter of infected animals, particularly sporadic 
Maryland) described the early history of brucellosis reactors, as a method of controlling the spread of 
and the studies which led up to the recognition, in brucellosis. 

1918, of the relationship between the Brucella meli - In the afternoon session of the first day B. T, 
$<?»#»$ and Br. abortus organisms. Dr, Evans advised Simms (Bureau of Animal Industry) brought out the 
that the term undulant fever be dropped from medical fact that as long as the present mobility of the live- 
literature because of its erroneous implications. The stock population is permitted, contagious diseases 
remainder of the first session was devoted to a dis- such as brucellosis cannot be stopped at state brtund- 
cussion of brucellosis in farm animals and its control aries. The federal government must work with state 
in the animal population. C. A* Manthei (Bureau of livestock sanitary authorities in developing uniform 
Animal industry) reported that the artificial immuni- methods of attack on the disease, and aid in prevent** 
eation of cattle with Strain 19 of Nr. abortus reduced ing reinfection of areas where herds have been ae- 
the duration and severity of the infection following credited, Jacob Traum (University of California) 
exposure to virulent Organisms. Aureomycin had not discussed Nr, abortus Strain 19 vaccine, as used in 
proved effective in the treatment of cattle infections, extensive field trials in California. Robert Pennell 
L. M. Hutchings (Purdue University), from study of (Sharpe and Dobme, Inc.) summarized the research 
the porcine infection with Nr. suis, concluded that no on the fractionation of the Brucellae into constituent 
satisfactory method of vaeoination was yet available, antigens. As yet, it is not possible to differentiate 
and that the results ‘obtained thus far with aureomy- the species of Brucella by chemical means. Protein- 
cln, streptomycin, and the sulfonamides in therapy of nucleates of moderate serological activity and other 
* Th« papers presented are to be published in monograph complexes of high activity have been isolated from 

forto f tv amoHeeo Astoctttlon for the Advancement of 
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TECHNICAL PAPERS 


The Liver Cord Concept after 
One Hundred Years 1 * 3 

Han* Elial 

Communicable Diteate Center, U. S. Public Health 
Stride*, Atlanta, George 3 and Department 
of Anatomy , Chicago Medical School 

One hundred year a have passed since Gerlach (5) stated 
that the liver parenchyma consists of hepatic cells in 
linear arrangement. This concept has been developed, 
chiefly by Beale (1), and PflUger (.9), into the theory 
of the hepatic cord, almost universally accepted by the 
authors of modern textbooks. Accidentally, in the last 
year of its first century of existence, the validity of the 
liver cord theory came to be questioned. 

A film strip on the histology of the liver for use in 
medical schools was prepared according to the description 
found in standard textbooks. This film strip consisted 
of stereograms, and presented the liver as composed of 
cords of cells (Fig. 1), surrounded by blood spaces called 
dnusoidB. The liver cord is a double row of cells, as 
all textbooks agree (except Sharpey-Schafer f a [10] )• *A 
bile capillary runs between the colls through the center 
of the cord. The textbooks have also agreed that these 
coll cords, columns, or trabeculae anastomose with one 
another and are in essence arranged radially around the 
central vein of each liver lobule (Fig. 2). The film strip 
was prepared according to these conceptions. 

After completion of the stereograms for the film strip, 
it seemed essential to supplement the view diagram- 
matieally presented by means of wax plate reconstruc¬ 
tions and photomicrographs. It seemed easy to find lon¬ 
gitudinal sections of cords (Figs. S and 4) in sections 
perpendicular to central veins. But the long rows of cells 
seen invariably in such sections are all too numerous. If 
tortuous but linear columns did exist in radial arrange¬ 
ment about the central vein, the chances of cutting them 
lengthwise with the microtome for any considerable dis¬ 
tance are very slight. There should not be more than 
one longitudinal section of cord per microscopic field at 
high power, even in sections perpendicular to a central 
vein. The majority of sections of cords, if they did 
exist, should bo oblique, i.e., about three to four cells 
long. While it had been suspiciously easy to find ap¬ 
parently longitudinal sections of cords, it was practically 
impossible to find cross sections of cords, despite the fact 

iThe contents of this report are being described snd dis- 
cussed more thoroughly in the American Jour not of Anatomy, 
The paper was read before the American Association of An- 
atom 1st ft, April 38, 1*4*. and abstracted In Anat. Rsc., 1*48, 
100 , 23 . 

*A preliminary report. 

•Tram Pfoducttoh tnvfeiton. Atlanta, Georgia. 



Fio. 1. Stereo*™in of the conventional concept of anas¬ 
tomosing liver cords, containlu* axial bile canallcull. 

Fio. 2. Conventional interpretation of the structure of 
an hepatic lobule. 

Fio. g. Section of human liver lobule perpendicular to 
central* vela. The arrow points to a cross section of an 
lnterlamiuary bridge. 

Fio. 4. Section of liver lobule of horse, perpendicular to 
central vein. This, «» well as the preceding section, consists 
of long rows of cells, one cell wide, 

that they should be very numerous in tangential sections 
of a lobule (see Fig. 2). In man (Fig. 5) and the cat, 
sections parallel to the central vein showed long rows of 
cells simulating cords. 

In whatever direction we may cut a human or cat liver 
lobule, we always obtain long linear rows of cells. And 
at widely scattered places we find isolated patches of 
hepatic cells in an epithelial arrangement (Fig. 6). 

The liver of man and the cat, hence, can not consist 
of cords or columns. It must be fashioned of structures 
which will show, in almost whatever direction they are 
sectioned, long rows of cells on© cell wide, and which at 
- a few places may give sections appearing as larger 
epithelial masses. Clearly, the formations that ©an yield 
these sections cannot be anything but curved plates, 
sheets, or laminae, one cell thick. 

This logical conclusion can easily be verified by means 
of wa* plate reconstructions and also by etomining thick, 
unstained sections mounted in glycerin. Fig. 7 shows a 
group of hepatic plates drawn with the camera ludda 
from a section perpendicular to a central vein and 90 41 
thick The plates are curved, frequently perforated, and 
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wherever they are out the section is a row of cells one 
cell wide. It is dear that sections cutting these sheets 
in other directions will appear as single rows of cells. 
But it will also be possible, if the level and angle of 



Flo. B. Section of human liver lobule parallel to central 
vein. Also In this direction, long towb of cells, one cell wide, 
are seen. Note the Incompatibility of this as well as of the 
succeeding section with Figs. 1 and 2. 

Fio. 6. Tangential section of liver plate (lamina hepatlca) 
of cat. 

Fia. 7. Liver of cat, showing anastomosing, cribriform, 
curved, hepatic plates. The spaces which they surround are 
Irregular in shape. Camera luclda drawing of frozen sec¬ 
tion, 80 u thick, cut perpendicularly to central vein, not 
stained, mounted in glycerin. 

Fio. 8. Liver of cat, showing anastomoses of hepatic 
plates, saccular shape of hepatic lacunae, InterlamInary 
bridges (upper left), perforations of laminae. Technique 
as In Fig. 7, sectioned parallel to central vein. 

cutting is favorable, to obtain tangential sections of these 
laminae, such as the section shown in Fig. 6. In the 
upper left-hand corner of Fig, 7, unicellular bridges can 
be Seen connecting neighboring plates. Such unicellular 
and sometimes bicellular bridges account for the occa¬ 
sional occurrence of apparent cross sections of cords, as 
seen at the tip of the arrow in Fig. 3, 

Fig, 8 shows a 30-^-tliick section parallel to a central 
vein, from the same cat *s liver as seen in the preceding 
figure. It shows that the tortuous laminae anastomose 
with one another and form wide tubes with irregularly 
curved, and undoubtedly flexible, walls. 4 We are look¬ 
ing into these saccular lacunae which run toward the cen¬ 
tral vein, But we are following their course for a dis¬ 
tance of only 30 Wax plate models showing the same 
arrangement were obtained by taking serial, optical sec- 

* The flexibility of the hepatic laminae becomes obvious In 
sections of livers from which the blood has been drained, 
after severe hemorrhages. In this case the lacunae become 
collapsed. 


tions with the motion picture camera, moving the micro¬ 
scope *s fine adjustment from frame to frame for 1 p. 

For the conventional idea of the hepatic cord, consist¬ 
ing of a double row of cells (Fig. 1), there must, there- 



Fig. 0. Schematic stereogram of hepatic plate. 

Fig, 10. Schematic stereogram of the saccular liver. 
Note in terlam in ary bridges. 

Fig. 11. Bemidlagrammatlc stereogram of the human 
liver (hepur aacculnre). 

Fig. 12. Stereogram of the equine liver (hepar tubulare). 

fore, be substituted the concept of the hepatic lamina 
(Fig. 9) which is one cell thick and frequently perforated 
to permit the passage of sinusoids. However, hepatic 
sheets are not straight and they never occur isolated. 
They form a continuous tissue of connected walls which 
enclose between them the spaces in which the sinusoids 
run. This arrangement is shown schematically in Fig. 
10. In reality, the plates are curved as seen in Fig. 11. 
The liver of man and the cat may tentatively be called 
the saccular typo of liver, since the spaces between the 
plates have the character of long sacs. 

A second type of liver is to be found in the horse and 
in the rabbit. This is the tubular liver, one in which the 
spaces between the hepatic laminae or walls are narrow 
and cylindrical* Fig. 13 shows some of these tubes from 
a horse, cut longitudinally, that is, perpendicularly to the 
central vein of the lobule. Fig. 13 is also a 30-n-thick 
section, unstained, and mounted in glycerine. As Fig. 4 
shows, this tubular type of liver also yields, in thin sec¬ 
tions, long single rows of cells. Fig. 12 is a stereogram 
of the tubular liver. 

The knowledge of the laminary liver structure makes 
it much easier to understand the existence of the well- 
known polygonal meshwork of bile capillaries. These 
polygonal networks, which are so easily demonstrated 
with Golgi r a silver method or with Chrsansscsewsky ’* in- 
digocamine method, do not fit at all into the oonven* 
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tion&l picture of columnar liver structure. The bile 
capillaries run, in the majority of cases, between the cells 
and form hexagonal, intercellular, and pericellular net¬ 
works within the liver plates. 



Pig. 13. Liver of horse, showing the tubular character 
of the lacunae, technique as in Figs. 7 and 8, perpendicular 
to central vein. 

Fio. 14. Same as Fig. 13, but cut parallel to central vein. 

From a historical point of view these observations are 
very interesting, The earliest account of the intimate 
structure of the liver was given by G-erlnch in 1849 and 
Upheld by Beale in 1856 (I). Beale described the liver 
as consisting of membranous tubes which contained rows 
of liver cells. Basically, this is the conception of mod¬ 
ern textbooks. A cell cord surrounded by a network of 
lattice fibers is essentially the same as a row of cells con¬ 
tained in a noncellular tube. 

In 1859, Budge (4) raised doubts. Ho objected to 
the inadequate methods Beale had used (maceration for 
days in water, not even in saline, at room temperature; 
teasing; no use of sections), but he did not find the 
correct solution. 

In I860, Bering (6) analyzed and described, in all 
correctness and exactly as outlined in this paper, the 
tubular type of liver (not using this expression) in the 
rabbit. 

In 1807, Kulliker (8) described the human liver as a 
network of tender leaves and strings. Thus, he took a 
position intermediate between Beale and the view pre¬ 
sented in this paper. 

In 1869, Ffitiger (9) ridiculed Bering and upheld the 
opinion of Gerlach and Beale. Both Beale and Pfliiger 
were prominent men; hence their view was almost uni¬ 
versally accepted. Pfliiger ignored KiiUiker’s findings. 

Once more, in 1872, Bering (7) asserted his viewpoint, 
bringing more evidence and considering very carefully 
the geometrical, three-dimensional aspect of the subject. 
However, his opinion was not accepted. 

As late as 1889, Beale (£) restated and tried to prove 
his original concept by obsolete methods; washing the 
liver through the portal vein with water (not saline), 
then letting it soak for some time in soda water before 
beginning to inject his material and observe it with the 
teasing method. Inadequate as his methods were, Beale 
nevertheless prevailed, and the most modem textbooks 
presented the mammalian liver as made of cell columns 
ensheathed in an argyrophil network. 

There are two exceptions to the majority of opinions 
in textbooks: Braus (8) found plates in the liver of man. 


These are, however, according to him, two cells thick 
and occur simultaneously with cords which are also two 
cells thick. The other exception is Sharpey-Sehafer (10), 
who described the liver as a parenchyma pervaded by 
cylindrical sinusoids. This is almost in accordance with 
Hering, from whom a figure is reproduced. But Sharpey- 
Sehafer does not mention the fact that tbs walls separat¬ 
ing the sinusoids are only one cell thick. 

All i&her textbooks have accepted without question the 
statements of Beale and Pfliiger and perpetuated for 99 
years a fundamental misconception of this important 
organ. 

It was the problem of stereographic screen projection 
of liver anatomy which stimulated a re-examination of 
the architecture of this organ. 
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Perchloric Acid in the Cytochemistry 
of Pentose Nucleic Acid 1 

Ralph O. Erickson, Katharine B. Sax, 
and Maurice Ogur 

Department of Botany , University of Pennsylvania 

Cytochemical methods for demonstrating pentose nucleic 
acid (PNA )in tissue sections are baaed on the removal by 
ribonuclease of the ability of certain cell constituents to 
be stained by basic dyes, such as pyronin in Uuna’s 
pyronin-methyl green mixture (1), methylene blue (8), 
and toluidine blue (4). Parallel sections, treated and 
not treated with ribonuclease, are stained simultaneously 
and compared. The specificity of the demonstration, of 
course, depends upon the freedom of the enzyme prepara¬ 
tion from proteolytic activity. 

Analytical work in this laboratory (£, C) on root tip 
homogenates has led to a method for the differential acid 
extraction of the constituents of PNA and dosoxypontose 
nucleic acid (DNA) into separate fractions, which may 

1 This work was supported by grants from the American 
Cancer Society, upon recommendation of the Committee on 
Growth of the National Research Council, and from the Na¬ 
tional Cancer Institute, 
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then be assayed by spectrophotometrie or other means. 
In the procedure used, the homogenate, after preliminary 
extraction with acidified alcohol, alcohol-ether, and cold 
2% perchloric acid, is treated with 10% perchloric acid 



Flo, 1. Merlstematlc cells from nearly adjacent sections 
of a single primary root Up of Zea mays, fixed in ethyl alco¬ 
hol, stained simultaneously In toluidlne blue, and photo¬ 
graphed Identically, x 1,000. , A—Untreated cells. B—Cells 
treated with 10% perchloric odd for 18 hr at 4* C. C— 
Cells treated with 0% perchloric add for 20 min at 70* C. 

for 4-18 hr at 4* C. This treatment removes PNA but 
not DNA from the residue, and appears to have prac¬ 
tically no proteolytic effect. Subsequent treatment with 
perchloric acid at an devoted temperature removes DNA 
from the residue. 

Similar treatment of sectioned material might be ex¬ 
pected to have similar effects. In particular, it should 
be possible to nee cold perchloric acid, instead of ribo- 
nuclease, together with a basic dye to demonstrate PNA 
in sections^ We have attempted such a demonstration 
in root tip sections. Although several problems, mairly 
of fixation, require more study, the results to date appear 
to be of sufficient interest to warrant publication, 

la the experiments reported bore, primary root tips of 
Zea may* seedlings have t een fixed in 75% alcohol for 48 
hr, dehydrated, embedded in paraffin, and sectioned longi¬ 


tudinally at 8 a. The paraffin ribbon obtained from each 
root tip was cut into segments of two sections. Segments 
from a single root tip were attached alternately to each 
of a set of slides, which were then passed through xylene 
and alcohols to water. This treatment undoubtedly re¬ 
moves water and fat-soluble constituents from the sec¬ 
tions, as does the preliminary extraction of the homogen¬ 
ate in the analytical procedure. One or more slides from 
a root tip were then placed in 10% perchloric acid for 
18 hr at 4° C, while control slides were kept in water 
nt the same temperature. Other slides were placed in 6% 
perchloric acid for 20 min at 70° C, with control slides 
being given similar exposure to water. All the slides of 
a set were then washed in water, fastened into a wire 
clip ( 3 ), dehydrated together in 70% alcohol, and stained 
for 3 hr in a 1% solution of tolnidine blue O in 75% 
alcohol. They were destained and dehydrated on the clip, 
by passing quickly through normal butyl alcohol to xylene, 
and mounted. Similarly treated slides, which have been 
passed through the solutions on the same clip, appear to 
be quite uniformly stained. Sections treated in this way 
were photographed with a rod filter (Corning 2018) at 
the same exposure and printing times, and at a relatively 
low degree of contrast (Eastman Pmiatomic-X film and 
B-76 developer, No. 1 bromide paper). 

Pig. 1, of morifltematic cells of a single root tip, illus¬ 
trates the results of this procedure. Ethyl alcohol is 
admittedly not a good fixative for plant material. It pro¬ 
duces a great deal of shrinkage of the cell as a whole, 
and does not yield a good imago of either cytoplasmic or 
nuclear structures. From a cytochemical point of view, 
however, the fixation is simple, and the effect of the 
perchloric acid treatment is clear. In Fig. 1A, of con¬ 
trol cells treated with cold water, tho cytoplasm, nucleoli, 
^ and chromosqmcs are strongly stained. In Fig. IB, of 
' colls treated with cold perchloric acid, neither cytoplasm 
nor nucleoli stain appreciably, while the chromosomes 
stain well. In agreement with the analytical findings, 
treatment of sections with 5% perchloric acid at 70° O 
for 20 min leaves the cells practically unstainable with 
toluidine blue (Fig. 1C), whereas the hot water control 
is indistinguishable from Fig. 1A. Similar sections have 
been stained by the Feulgen reaction. The chromosomes 
are Feulgen-positive before and after treatment with cold 
perchloric acid. After treatment with hot perchloric acid, 
no staining whatever occurs. 

' It appears from these results that treatment of sec¬ 
tioned material With cold and hot perchloric acid should 
be useful in the cytochemistry of the nucleic acids. The 
cold perchloric acid treatment, which appears to be quite 
comparable to that by ribonuclease, is of particular 
interest in tho demonstration of PNA.* 
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Molecular Rearrangements in the Sterols 
V. The Mechanism of Formation 
of i-Cholesterol 


Mostaf* M. Hafez, George Halsey, Jr., 
and Everett S. Wallis 

Frick Chemical Laboratory , Princeton University 


The present accepted structure of t-choleeterol (I) was 
first proposed by Wallis, Fernholz, and Gcphart (9). 



Proof of this formulation has been submitted by Ford, 
Chakravorty, and Wallis ( 4) and by Ladenberg, Chakra- 
vorty, and Wallis (6). These investigators ( 4 , 6 f 9) pre¬ 
pared mixed acetates of cholesterol and i-cholesterol by 
heating cholesteryl p-toluencsulfonato with acetic anhy¬ 
dride in the presence of potassium acetate. A mixture 
of the two isomers was also prepared by Ben yon, Heii- 
bron, and Spring (I) by hydrolysis of the same ester 
In aqueous acetone containing potassium acetate. In re¬ 
cent years it has been shown that the formation of 
i-steroids is a general property of all steroid compounds 


having a hydroxyl group in the 0 configuration at C a , 
and a double bond at C*—C* (5). 

In this paper we wish to describe the results of certain 
studies we have made on the mechanism of this isomeriza¬ 
tion. For this purpose we have carried out tho hydrolysis 
of a series of four sulfonic acid esters of cholesterol with 
different electron-donating powers in the acid residue. 
In order further to elucidate the mechanism we have 
varied the conditions of hydrolysis in the case of one of 
those esters'—cholesteryl p-toluenesulfonate. The results 
of these studies are described in this paper. 

From these results it is concluded that rearrangement 
of ri is preceded by ionization—a conclusion in agree¬ 
ment with a mechanism recently proposed by Weinstein 
and Adams (10). The cholesteryl ion TII is then either 
attacked by a negative ion and converted into the normal 
structure IV or it undergoes a rearrangement to the 
t-e hole story] ion V, which is similarly converted to the 
isomeric sterol VI. 

The first step of this process is slow, It is followed 
by a rapid conversion or rearrangement to the corre¬ 
sponding alcohols. On this concept the mechanism is, 
therefore, of the unimolecular type. 

The breaking of the C—O linkage with ionization in¬ 
stead of the 8—O linkage agrees with the work of Ferns 
and Lapworth ( S ) on the hydrolysis of sulfonic acid 
esters, and with the work of Phillips (7) on the Walden 
inversion of the p-toluenesulfonate of benzyl methyl car- 
binol. In the present instance we believe that our re¬ 
sults show that the cholesteryl ion rearranges to the 
i-cholestoryl ion while still a free ion. This rearrange¬ 
ment may be looked upon as being the result of an elec¬ 
tron shift at tho double bond CV—C„ towards C*, thereby 
binding the cationic center at Ch and creating another 
cationic center at C e . The negative hydroxyl ion or 
acetate ion, as the case ma\ be, then attacks this new 
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center, forming t-choloaterol or its acetate. If such an 
attack occurs before the rearrangement of the cholesteryl 
ion then the normal product is produced. 

It should be pointed out that this polarizability of 
C*—C„ double bond is in agreement with the interpretation 
of Shoppee ( 8 ) in explaining certain replacement reac¬ 
tions at the C 8 position of cholesterol, which takes place 
with retention of configuration while the same reactions 
with dihydro cholesterol result in a Walden inversion. 

TABLE 1 

Partial Hydrolysis, under Identical Conditions, 
of Fotitt Cholesterol Enters* 


Eater 

Wt 

In K 

Wt of 
dlgl- 
tonlde 

% 

hydrol¬ 

ysis 

Kj/sec 

p-M ethoxy benzene 

sulfonate . 

1.9920 

1.2800 

08.5 

3.2 x 10-* 

p-Toluenesulfonate 

1.3520 

0.4092 

87.1 

5.7 x 10-* 

Bonzenesulfonate . 

1.3170 

0.3908 

00.1 

0.7 x 10" 4 

p-Nitrobenzene- 

sulfonate . 

1.4206 

0.2970 

92.6 

7.2 x 10-* 


• One four-hundredth mole of the ester and 8/400ths mole 
of KOAc was refluxed for 1 hr at constant temperature with 
50 ml of 90% aqueous acetone. The unhydrolysed material 
was completely hydrolyzed with aqueous acetone and a very 
small amount of KOH. Cholesterol was precipitated os 
illgltonkk*. 

This unimolecular mechanism is also in accordance 
with the observation (1, 4 , 6 ) that no trace of epi- 
cholesterol is detected, indicating that the replacing ion 
does not attach itself to the ester directly, but after 
ionization. Similarly, the very presence of rearrange¬ 
ment points to a unimolecular mechanism according to 
the views of Dostrosky and Hughes (£). 

In Table I we have recorded results obtained in partial 
hydrolysis, under identical conditions, of four cholesteryl 
esters. The rates of hydrolysis show that the strength 


TABLE 2 

Hydrolysis or Tan Four Esters in Tarlb 1, 
Carried to Completion* 


Ester 

Wt of 
dlgttonide 
in g 

% 

Conversion 

to 

{•cholesterol 

p-Methoxybenzenesulfonate ... 

0.4764 

88,1 

p-Toluenesulfonnte .. 

0.4840 

87.9 

Benzenesulfonate . 

0.4800 

88.0 

p-Nltrobenzenesulfonate . 

0.4832 

87.9 


* One four-hundredth mote of the ester and 8/400the mole 
of KOAc were boiled for 8 hr with 00 ml of 70% aqueous 
acetone end then hydrolysed with alcoholic KOH. 


of the C—0 bond is dependent, as expected, on the elec¬ 
tron-donating power of the add residue. The elimination 
of the sulfonate ion is facilitated by the weakened 0—0 
bond, and is inversely proportional to the electron-donat¬ 
ing power of the acid residue. Although these results 
can be reconciled with either a unimolecular or a bi- 
molettulat mechanism of hydrolysis, the fact that no 


traces of epicholesterol are formed strongly indicates that 
the replacing ion does not attack the ester directly and 
the reaction is consequently unimolecular in nature. 

This point of view is definitely shown when the 
hydrolysis of the same four esters is carried to com¬ 
pletion. In this case we find that the acid residue has 
no influence on the proportion of rearrangement, as is 
shown in Table 2, The rearrangement takes place in the 
cholesteryl ion after loss of the acid residue, which then 
has no effect on isomerization. 

It is also of interest to observe tho effect on isomeri¬ 
zation of varying the water content of the hydrolyzing 
medium. This effect is shown in Table 3. Similarly, the 
influence of the potassium acetate concentration is shown 
in Table 4. Our results show that the lower the con- 


TABLE 3 

Effect on Isomerization of Varying the Water 
Content of the Hydrolyzing Medium* 


Concentration 
of water 

Concentration 
of acetone 

% i-Cholesterol 

5% 

95% 

80.4 

85% 

05% 

88.3 

50% 

50% 

86.5 


* One four-hundredth mole of cholesteryl p-toluenosulfonate 
was completely hydrolyzed !u acetone solution in presence of 
8/400ths mole of KOAc. 


TABLE 4 

Effect on Isomerization of Varyino the 
Potassium Acetate Concentration* 


Moles KOAc 

% Conversion 

2 

89.5 

8 

87.9 

32 

87.0 


* p-Tolueuesulfonate was completely hydrolyzed Jn 80% 
aqueous acetone In presence of varying concentrations of 
KOAc. 


centration of the active reagent, i.e., water and potassium 
acetate, the higher is the yield of ^-cholesterol. Again 
this is understandable in the mechanism described above. 
The cholesteryl ion has a better chance to rearrange be¬ 
fore the attack of the reagent. 

There are, however, other alternatives for the rear¬ 
rangement : 

1. The rearrangement occurs concurrently with ioniza¬ 
tion. This case is very unlikely because the electron- 
donating power of the acid residue, which governs the 
ionization, does not affect the proportion of isomeriza¬ 
tion (Table 2). 

2. The rearrangement takes place concurrently with 
addition of the negative Ion at the moment of its attack. 
This case is unlikely because the proportion of isomeri¬ 
zation is changed by changing the water or acetate con¬ 
centration and it is not apparent bow this ehange would 
affect isomerization taking place at the moment of attack 
by a single ion. 
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8. The oholesteryl ion, first formed, rearranges to form 
the cholesterol ion, but (a) the rearrangement does not 
reach equilibrium, or (b) tho rearrangement does effec¬ 
tively reach equilibrium but the proportion of the two 
ion* is changed by a change in the medium. 

It is not possible to eliminate possibilities (a) or (b) 
on the basis of the data presented here. However, if 
rearrangement of the ehoiesteryl ion can be thought of 
as an intramolecular reaction between an ion (the car- 
boniuxn ion at C«) and a neutral molecule (the double 
bond at C 6 —C«), alternative (b) can be eliminated; because 
there Is no primary salt effect in such a reaction. 
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Degradation of Glucose-l-C 14 and a 
Possible New Step in the Mechanism 
of Fermentation 1 


S. Aronoff, V. A. Haae, and B. Fries 2 

Institute for Atomic Research and Deportment of Botany , 
Iowa State College, Ames , and 

Radiation Laboratory and Department of Chemistry, 
University of California, Berkeley 

The availability of glucose-l-C 34 8 has permitted the 
verification of a scheme of glucose degradation applied 
to sugars formed in photosynthesis to determine the dis¬ 
tribution of isotopic carbon within the sugar (Jt). As a 
result of the present investigation, there appears to be 
a second, though minor, pathway of fermentation by the 
test organism, La&tobacfflus oasci e. 

The degradation procedure is depicted in Fig. 1 and 
involves the following sequence of reactions: the fer- 

1 This work woe supported in part by funds from the 
Atomic Bporgy Commission, The research was initiated at 
the Radiation Laboratory, University of California, and con¬ 
tinued at the Ames Laboratory, Iowa State College, 

■Permanent address: California Research Corporation, 
Richmond, California. 

* The glucose used by the senior author was synthesised by 
John C. Bowden (S); that used In the California laboratory 
was Synthesized by 13. Mahler according to Bowden’s general 
method (4). 
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OH 


1,6 H-G*4, + 
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0 
"OH 
HiC* 


toctlc ocld 


2.S C-O- 0H -f 


oetticoeM 

JS& 

2,5 BoCOj 

+ 

*,« HjC* 

2.5 ^J-0 

1.6 HjV 


Fia. 1. 


mentation of glucoso to lactic acid; the oxidation of lae- 
tic acid to carbon dioxide (carbons three and four of the 
original glucose) and acetic acid; the pyrolysis of bar¬ 
ium acetate to acetone and barium carbonate (carbons 
two and five); and the formation of iodoform (carbons 
one and six) from the acetone. The various steps in the 
process have been tested with (a) methyl- and carboxyl- 
labeled acetate, (b) a-lftbeled lactate, 4 and (c) glucose- 
1C U . 


Both methyl- and carboxyl-labeled acetates have been 
pyrolyzed under a variety of conditions, a number of 
which can bo so unfavorable (e.g., that at 450° C with 
flowing argon), as to result in the appearance of more 
than 8% of the activity of methyl-labeled acetate in the 
purified residual barium carbonate. Under similar con¬ 
ditions, with carboxyl-labeled acetate, less than $ of 1% 
of the activity is in the iodoform. Using flowing argon, 
at a temperature of 530° C for 10 min, and liberating 
the carbon dioxide from the residual carbonate with lac¬ 
tic acid, only 0,86% of the activity of the methyl-labeled 
acetate is found in the carbonate. 

Electrolysis of sodium acetate (£), the products of 
which are carbon dioxide and ethane, resulted in 1% of 
the radioactivity of the methyl group in the carbon di¬ 
oxide from methyl-labeled acetate. 


1 he chromium trioxide oxidation of a labeled lactate 
(7) purified and rocrystaflued as the zinc salt, resulted 
in 4.3% of the activity in the carbon dioxide evolved. 
This activity arises primarily from oxidation Of com¬ 
pounds other than the acetic- acid itself, as less than 1% 
of the theoretical barium carbonate arises from acetic 
acid under identical conditions. 

The degradation of lactate from the bacterial fermen¬ 
tation, similarly isolated and purified as the zinc salt, 
resulted in 9.3 ± 0.1% of the activity in the barium car¬ 
bonate, rather than the empirical 4.3 ±0.1. The differ¬ 
ence of 5% must be ascribed to the activity of carbons 
three and four. In fermentation the carboxyl group of 
the lactic acid is presumed to arise solely from carbons 
three and four of glueoee, whereas in ordinary 

‘ The acetates were synthesised by Dr. a, Tolbert, and the 
lactic acid by Dr. H. Lemmon (both at the Univenaty of 
California Rad is ti 00 Laboratory), ■ 
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alkaline rearrangements resulting in lactic acid (5) the 
carboxyls may stem from carbons one and six. This is 
certainly so in the case of gluconic acid, where 1.3 moles 
of lactic acid per mole of gluconic acid can be obtained. 

These experiments are in general accord with the re¬ 
cent note by Koshland and Weafcheinoer (5) on the fer¬ 
mentation of glucosel-C 14 by yeast. In yeast fermenta¬ 
tion, the carbon dioxide may bo derived from a variety 
of intermediary products of metabolism. Furthermore, 
the ability of yeast to fix carbon dioxide is pronounced. 
In view of these and tho rather InTgo counting devia¬ 
tions in their experiments, a quantitative interpretation 
of their results is not possible. 

At least three apparent explanations of our results 
are suggested, the latter two of which represent devia¬ 
tions from the normal fermentation mechanism: (a) 
that metabolic carbon dioxide (from the radioglucose) 
is reversibly reincorporated in lactic acid, in which caBO 
the activity would reside primarily in the carboxyl group, 
(b) that there is a fermentation mechanism in which 
carbons one and six rather than three and four are 
oxidized, (c) during the courso of the normal fermenta¬ 
tion mechanism the triose phosphates are in (partial) 
equilibrium with the free triosCB, as in Fig. 2. This 
would, of course, result in activity appearing in both car¬ 
bons one and three of lactic acid, to an extent depend¬ 


ing on the amount of approach to an equilibrium. We 
have not investigated the enzyme systems involved and 
are thus not able to choose between the second and 
third explanations. The first explanation appears diffi¬ 
cult to reconcile with the fact that the fermentation is 
conducted in m/10 bicarbonate (pH 6.8), with subse¬ 
quent dilution of carbon dioxide formed by metabolism. 
Furthermore, control experiments with inactive glucose 
but with radiocarbonate (2.8 x 10 fl disintegrations per 
min in 5 ml of reaction mixture) resulted in approxi¬ 
mately 0.02% of the activity in the lactic acid formed. 
There still remains the possibility, albeit dubious, that 
the metabolic carbon dioxide is preferentially used at the 
site of formation, prior to the diffusion and subsequent 
dilution effects of the solution’s inactive bicarbonate. 
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Diurnal Responsiveness of 
Brysiphe graminis to Nutrients 

C l. Yarwood end Morris Cohen 

XHvUUm o / Plant Pathology, 

University of California, Berkeley 

Because it can be grown readily on barley in the 
greenhouse throughout tile year, because the conidia ger¬ 
minate Well on various culture media, and because gem 
tube growth is sharply increased by a number of nutri¬ 
ent chemicals, the fungus EryHphe graminis D C* appears 
well suited to Studies of growth in vitro of a powdery 
mildew. No member of the Eryaiphaceae has been cul¬ 
tured on a nonliving substrate, and ail are commonly 
regarded as obligate parasites. 

Previous studies of Rrysiphe graminis have indicated 
no diurnal oyele In the germinability of the conidia or in 
the division of the generative cell such as is exhibited by 
JftrgHiphe polggoni (1) 4 On an agar substrate, gem tube 


(growth of E. graminis is increased by crude animal and 
plant extracts, especially a solution of hen’s egg yolk; by 
iron sulfate, sucrose (£), disodium a-tocophcrol phos¬ 
phate, and Tween 00 (4). More recently, ft medium con¬ 
sisting of 0.8% agar, 0.6% fructose, and 0.003% animal 
lecithin has been used. Using this medium, there has 
been great variation in germ tube length in different 
trials; such variation being associated, apparently, with 
tlie time of day the trials were started. 

To cheek on the effect of time, plates of plain agar and 
lecithin-fructose agar, prepared simultaneously and stored 
at 0" C, were seeded with conidia of E. graminis from 
greenhouse plants at various times throughout the day and 
incubated at 16 s C in the dark, and the germ tube growth 
was measured 5 days after seeding. Results of the first 
trial, started on February 11, 1949, are presented in Fig, 
1, and indicate that gem tube growth on nutrient agar 
was greatest from seeding* made about 12 sc., and poor¬ 
est from seedings made at 8:30 am, The gem tubes of 
the 12:30 see ding were 85 p greater or 175% greater 

than the gem tubes of the 8:30 a.m. seeding, fitom 
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tube growth on nutrient agar was 40% greater than 
growth on plain agar at 8:30 a.m., and 236% greater 



Fig. 1, Diurnal cycle of responelveuesa of conldla of 
Bryeiphe graminis to lecithin-fructose agar. Each value is 
tlie average of 20 germ tubes. Data of the 2 lower graphs 
are for February 10-11, 1649. The weather was cloudy 
before and during these teste nnd also during those of Msrch 
10 and 31. The weather wae clear before and during the 
test of April 1. 

than on plain agar at 3 2:30 p.m. In three subsequent 
trials, an attempt was made to compare only the approx¬ 
imate peak and trough of this diurnal cycle of respon¬ 
siveness to nutrients. In these trials, the increase in 
germ tube length due to nutrients averaged 56% for 
seedingB made from 4:3.5 to 5:30 a.m., and 244% for 
eeedings made from 11:50 a.m. to 12:20 p.m. (see Fig. 
1). In all trials, germination Tanged between 25% and 
92% and showed no apparent diurnal cycle and no ap- 
parent correlation with germ tube length. 

Concurrent attempts to study in a similar way germ 
tube growth in vitro of Erysiphe polygani from bean, and 
Uncinula necator from grape (both fungi show a clear 
diurnal cycle of conidiophoro maturation, and the bean 
fungus also shows diurnal variation in sensitivity to cop¬ 
per sulfate [£]) failed to evince any marked response to 
the lecithin-fructose medium at any time tested. This 
indicates that there are specific differences between 
closely related species of powdery mildews with respect 
to nutrient response. 

As the principal index of the nutrient value of a test 
chemicql is the difference in growth of germ tubes on 
media with and without the test chemical, this diurnal 
responsiveness to nutrients, as in the genninabllity of 
the conidia of E. polygon* (1) , is apparently the result 
of diurnal changes in the fungus while grown on the host 
plant before use in these tests. Diurnal responsiveness 
may be of considerable importance in studies pi the 
growth i* vi<ro of some powdery mildews* 
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A New Method for the Study in Vitro 
of Kfimen Digestion 

J. G. Loaw , 2 Harold H. Williams, and L. A. Maynard 

Department of Biochemistry and Nutrition and 
School of Nutrition,, Cornell University, l 
Ithaca , New York 

■The utilization of cellulose has long been recognized as 
a primary factor in the nutrition of ruminants and par¬ 
ticularly so among those subsisting largely on roughages. 
It is believed, therefore, that the rate of cellulose diges¬ 
tion in vitro by the microorganisms of the rumen may be 
used as a measure of how nearly it is possible to approach 
cellulose digestion Hn vivo. 

A technique for the study of digestion in the rumen in 
vitro has recently been published by Marston (d). His 
procedure appears to simulate more closely the natural 
environment in the rumen than any earlier investigations. 
There is, however, one significant omission. No provision 
is made for the removal of nongaseous fermentation 
products which, as they accumulate, might be expected to 
slow the rate and eventually inhibit digestion. 

To test the influence of such an accumulation of break¬ 
down products, cellulose digestion was compared after 
incubation with fresh rumen fluid in a closed vessel (the 
technique of Marston), and in a semipermeable bag 
suspended in a large volume of aqueous growth medium. 

Samples of rumen liquor were collected by scooping 
semisolid material from the lower regions of the rumen 
of a fistulated cow and straining this through three 
layers of cheesecloth, pressing the residue by hand direetly 
into a glass container in which the air had previously been 
replaced by nitrogen or carbon dioxide. To minimize 
heat losses, the receptacle was wrapped in paper. After 
thorough mixing, 700-ml aliquots of this liquor were in¬ 
cubated with 12.0 (and later 20,0) g of Whatman #12 
filter paper (ground in a Wiley mill to pass the 0.6 mm 
sieve), 15.0 ml of 1 m KH*P0 4 , and 7.5 ml each of 2 M 
(NH 4 ) s SO ( , 1 u Mg S0 4 and 0*5 m CaGl* in a glass 
bottle and in a semipermeable bag, using the type of ap¬ 
paratus presented in Fig. X. Two fermentations were 
conducted at one time in duplicate apparatus, differing 
only in vessel B , which in one was a glass bottle, and in 
-tlie other a “Visking” cellulose sausage cosing of 4f in. 
diam. In both, vessel B is closed by a, which is a wood 
stopper surrounded by a rubber gasket and coated with 
wax, and suspended in a 12 x 12-in. water bath H. Tubes 
o and d serve as inlets and outlets for gas, respectively; 
tube e is connected to a burette containing 0.5 M Na*CQ*j 
g is a mercury-sealed shaft of an adjustable speed stirrer; 

1 Permanent address : Department of Biochemistry, Vet¬ 
terinary Research Institute, Oaderstepoort, South Afrfea. 
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Fua. 1. Apparatus for study of rumen digestion in vitro. 

and / is a tube fitted with a stopcock and a reservoir into 
which fluid can be drawn for pH determinations. The 
tomperaturc of the water baths was thermostatically con¬ 
trolled to a temperature of 39° C. After Experiment 1, a 
current of nitrogen gas replaced the motor-driven stirrer 
in the bath carrying the semipenneable bag. This ensured 
adequate mixing as well as improved anaerobic conditions. 

Prior to commencing an experiment, tube c was pushed 
well down into the fluids in B and a rapid current of ni¬ 
trogen containing 5% carbon dioxide passed through for 
about 3 min, after which the tube was raised above the 
surface of the fluid and the gas flow maintained at a low 
rate for the duration of the experiment. The pH of the 
fluids in B was then adjusted to 6.8, by running in alkali 
through e while stirring. The inorganic salt concentra¬ 
tions and pH were adjusted in the water bath to the 
levels inside the semipenneable bag, and the fermenta¬ 
tion allowed to proceed at 39* C in both the glass bottle 
and in the semipenneable bag for a period of 24 hr at or 
near a pH of 6.8. 

The frequency and amount of stirring to which the 
fermenting fluids were subjected varied with the different 
experiments, as indicated in Table 1. The pH was ad¬ 
justed to about 6.8 at 2-hr intervals. As the pH seldom 

TABLE X 

In Vitro Digestion or Cbllolosb 
S emipenneable bag Glass bottle 


Wt In g of cellulose Wt In g of cellulose 


meat 

At 

start 

Resi¬ 

due 

Di¬ 

gested 

At 

start 

Resi¬ 

due 

Di- 

gested 

X* 

11.89 

8.00 

0.89 

11.80 

6.91 

MS 

2* 

11.98 

8.77 

7 .81 

11.68 

6.66 

6.9 S 

8t 

10.07 

8.42 

16.98 

10.OT 

10.26 

a.8i 

4$ 

10.36 

8.10 

18.00 

10.36 

8.12 

i*.n 


* Stirred for 1 min at X'hr Intervals, 
t Stirred for 1 min at i-hr intervals. • 

t Stirring in glass bottle the same as In Experiment 8 ; 
stirring In the bag for 8 min at 1-hr and for 10 min at 2-hr 
Intervals. 


dropped below 6.3 in the course of 2 hr, more frequent 
adjustments were deemed unnecessary. 

At the end of 24 hr, the u brews 99 were made up to 
definite volumes, well shaken, and aliquots, usually 60 or 
100 ml, taken for the determination of residual cellulose 
using the method of Cr&mpton and Maynard (X). The 
cellulose content of the rumen liquor before incubation 
was also estimated. 

The production of volatile fatty acids was determined 
in the final experiment, 4. The volatile acids in the steam 
distillates were transferred to 26 ml of chloroform con¬ 
taining 10% butanol (CB J0 ), according to a method fol¬ 
lowed by Elsden (£). Total acids were then titrated with 
0.1 N Ba(OH) fl solution, using phenol red as indicator. 
Finally, 1-ml aliquots of the CB 10 extracts were used to 
separate the total volatile acids chromntographically, 
according to the method of Peterson and Johnson (4), 
into a propionic acid fraction representing the portion 
eluted by benzene, and an acetic acid fraction represent¬ 
ing the portion eluted by CB W . 

Homo preliminary data on cellulose digestion during 24 
hr are presented in Table 1. In comparison, calculations 
from Marston’s {loc. cit.) data showed that he obtained 
cellulose digestion to the extent of 5-7 g. 

The variable, so far as could be determined, was the 
type of container in which the digestions were conducted. 
Therefore, the differences in favor of the semipenneable 
bag recorded in Table 1 for all four trials appear to be 
due only to an inhibitory influonce of fission products ac¬ 
cumulating in the glass bottle. And if this is so, dif¬ 
ferences in rates of fermentation may be expected to be 
greater, the higher the activity of the particular sample of 
rumen liquor incubated. This is borne out by the results 
of Experiments 1-3. Precisely what led to these differ¬ 
ences in activity in samples of rumen fluid collected, ad¬ 
mittedly on different dates, but at the same time of day 
from the same animal on the same dietary regime, it 1 b not 
possible to say at present. Mention must be made, how¬ 
ever, of the probability that the ideal, according to which 
the transfer of the rumen liquor from the living animal to 
the artificial environment should be undertaken with the 
least delay, exposure to air, and loss of heat, was progres¬ 
sively approached from Experiments 3-3. 

For reasons not connected with this work the ration of 
tho cow was changed about a week prior to Experiment 
4, from hay plus a concentrate to hay only. Judged by 
tho frequency of certain characteristic churning move¬ 
ments set up periodically in the fermenting liquors by gas 
accumulating in the cellulose settling gradually to the 
bottom of the containers and then escaping to the surface, 
the rumen sample obtained after tills change of diet was 
particularly active. This conclusion was supported by the 
comparatively high rate of cellulose breakdown registered 
for the glass bottle in Experiment 4. The rate of fermen¬ 
tation in the semipenneable bag again exceeded that in 
the glass bottle but not to the extent that might have 
been expected from results of Experiment 3. An ex¬ 
planation may be the amount of stirring used, as noted 
in Table l, The higher rate of stirring applied to the 
semiperraefiLhle bag may have had an adverse effect, in 
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view of Marston's observation that rapid and frequent 
stirring caused decreased fermentation. 

Results of the analysis of the fermentation products ob¬ 
tained in Experiment 4 are presented in Table 2. These 
data indicate that: (1) acetic and propionic acids are 


TABLE 2 

Volatile Acids in “Brews” and Dialvzath After 
24-Ha Fermentation (0) 



Intro¬ 

duced 

with 

700 ml 
rumen 
liquor 


Semi per me able bag 


Glass 

bottle 




Acid 

In¬ 

side 

Out¬ 

side 

Total 

propionic 
Acetic .... 

1.50 

2,20 

5.11 

0.28 

2.58 

2.22 

2.64 

2.38 

5.22 

5.60 

Total ■ .. 

, ( 3.82 

10.39 

4.80 

6.02 

10.82 


formed in the same proportions, irrespective of whether 
fermentation is curried out in the glass or cellophane con¬ 
tainer; (2) apparently less total volatile acid/g of cellu¬ 
lose digested is formed in the semipermeable bag than 
in the glass bottle, and (3) acetic acid diffuses at a 
greater rate from the bag than does propionic acid. 

In conclusion it may be mentioned that there was no 
microscopic evidence of attack by the ruminal organisms 
on the cellophane bag. This is indeed fortunate, and may 
be explained on the basis that attack on cellulosic mate- 
rials usually begins at broken or torn ends and no such 
surfaces were exposed in these experiments. 

This work ib being continued to explore ways of im¬ 
proving the technique. 
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A Simple Universal Dairy Products 
Phosphatase Test 

Frank V. Koeikowsky 

Department of Dairy Induttry , 

Cometi University, Ithaca 

Dairy products vary quite widely in character and com¬ 
position. For example, there is the extreme contrast that 
exists between whole milk and ripened cheese. This vari¬ 
ability has affected the applicability of standard phos¬ 
phatase methods to various dairy products. Until 
recently! the Kay-Graham phosphatase test could not be 
used for ripened cheese or for chocolate milk products 
because interfering substances in them turned blue with 
the Foiin*Cio<talteu reagent; resulting in false positive 
readings. 

In addition, in all present-day phosphatase tests, in¬ 
cluding Banders and finger's ($), the concentration of 
the buffer and precipitating agent has to be shifted for 


many of the dairy products having different buffer ca¬ 
pacities. This has led to a great deal of added effort 
and much confusion. 

TABLE 1 

Sensitivity of the Cornell Phosphatase Method with 
Fresh Whole Milk and 15-Month-Old 
Cheddar Cheese 


Milk 


r- B 

g* 
& © 

Cm ?- 


Cheddar 

cheese 


o to 

a 

g © 

f 3 ^ 
cu *- 


Pasteur!zedt 1.3 Made from 

44 +0.1% raw 14.2 pasteurised 

44 +0.4% raw 47.0 milk 

** + 1.0% raw 04.0 “ 


1.2 

+ 0.1% raw 8.4 
+ 0.4% raw 22,0 
+ 1.0% raw 80.0 


* Tentatively, any value over 5,0 7 phenol/0.5 ml milk or 
0,25 g cheese is considered underpasteurUed. 

t Pasteurized milk for this test is milk heated to nt least 
14fl° F for 30 win. 

During the past year, an other extraction technique has 
boon evolved for the elimination of all interfering sub¬ 
stances in dairy products when using the Kay-Graham 
phosphatase method with tho Folin-Ciocalteu reagont 
(1). This work also brought out the fact that the bar¬ 
bital buffer used in the Kay-Graham test was unsatis¬ 
factory. As a result, a highly concentrated sodium car¬ 
bonate-sodium bicurbonato buffer was substituted, with 
excellent results (jff). 

Though the extraction process proved highly satisfae 
tory in improving the Kay-Graham test, information 
obtained during this investigation pointed toward the 
development of a very simple procedure for all dairy 
products without extraction when using 2,6-dibromoqui- 
nonechlorimide (BQC) as the color indicator. 

The method used in this new test is to incubate dairy 
product samples with a sodium carbonate-sodium bicar¬ 
bonate buffer substrate at pH 9,5-9,7 for a period of 
time, then to precipitate the protein with an acid pre¬ 
cipitant. After filtration, the filtrate is brought back to 
an alkaline reaction with carbonate, and BQC is then 
added. Blue color is produced if sufficient phosphatase 
was present in the milk during incubation to split the 
added disodium phenyl phosphate in the buffer substrate. 

Tli is test differs from others in that (1) the buffer and 
precipitating agent are of different nature, (2) only one 
concentration of buffer and precipitating solutions is re¬ 
quired for all dairy products, and (3) it is not necessary 
to heat-inactivate the phosphatase enzyme after incuba¬ 
tion, since the precipitating agent reduces the milk-sub¬ 
strate solution to pH 1-2. 

The details of the method are briefly outlined as fol¬ 
lows: 1 ml of milk or fluid dairy product or 0.5 g of 
cheese or other solid dairy product is mixed with 10 ml 
of warm carbonate buffer substrate (sodium carbonate 
11.5 g; sodium bicarbonate 10.5 g ; disodium phenyl phos¬ 
phite 1.09 g/1). 

The test tubes are then incubated at 82-87* C for Ift- 
24 hr. After incubation, 1 ml of an acid precipitant 
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solution (25,0% trichloracetic acid +18% hydrochloric 
acid) is added to each tube. The resulting precipitate 
is filtered off through Whatman No. 42 paper (11 cm). 

Five ml of the filtrate is pipetted into a small test tube, 
followed by the addition of 1 ml of 0.05% copper sulfate 
plus 2% Calgon solution, and 5 ml of 8% sodium car¬ 
bonate solution. Then 2 drops of BQO solution (50 
mg/10 ml absolute methyl alcohol) are added, and the 
colors allowed to develop for 15 min at 37° C. The 
developed colors are compared with suitable standards. 

For ripened cheese, the color development procedure is 
the same, except that 1 ml of 10% Oalgon solution is 
substituted for 1 ml of the copper sulfnte-Onlgon solu¬ 
tion. 


Tentatively, for the long incubation method any value 
over 5 y phenol/0.5 ml milk or 0.25 g cheese indicates 
underpasteurization or raw milk products. A 1-hr test 
using the identical steps but with a different critical 
standard has also been developed. 

The sensitivity and accuracy of this test are very high, 
and the value of blanks is low. Table 1 shows some data 
obtained with milk and aged Cheddar cheese. 

Reference! 

1. Kosikowsky, F. V. and Dahlbek u, a. C. 7. dairy 8 ol t 
1948 , 31. 581 . 

2 Ibid., 1940, 3fl, 751. 

3. Sanobrs, G. P. and Sacbk. O. S. 7. dairy 8ci,, 1947, 31, 
900. 


Comments and Communications 


Electronic Enhancement of X-Ray Film Contrast 1 

A viewing device for x-ray films, which makes use of 
some principles of television, promises to be of aid in cer¬ 
tain loiig-standiug problems of roentgenology. Many 
films contain questionable faint shadows whoso existence 
and outlines ought to be ascertained definitely. If such a 
film is scanned by a densitometer, small but distinct dif¬ 
ferences in density can sometimes be found in homo¬ 
geneous-looking regions of the film. 

A television camera, using an orthicon tube or other 
scanning device, is employed as a continuously acting 
densitometer. The electrical output from the efimera is 
amplified, “clipped” as described here, and fed into a 
kinescope, or viewing tube, as in conventional television 
practice. 

The new feature of this method lies in the clipping. 
Unlike photographic film, which necessarily has black as 
the origin of its intensity-axis, a camera-amplifier-clipper 
combination can bo arranged to ignore all light of less 
than a proscribed intensity. This is possible because a 
vacuum tube can be made insensitive to voltages more 
negative than a chosen threshold. The tube can also 
have an arbitrarily placed upper limit beyond which it 
fails to respond. Thus the voltages representing the 
darkest and the lightest portions of the film are clipped 
off, permitting those parts of the signal between the 
limits to be amplified as desired. 

Thus a suitably high ; gain video amplifier with adjust¬ 
able cut-offs for both the block and the white ends of the 
signal can Expand any portion of the gray to the full con¬ 
trast of which the kinescope is capable. Everything 
darker than a certain gray is reproduced as black and 
everything brighter than another (lighter) gray comes 
through as white, but the outlines of those areas which 
have intermediate brilliance but small contrast are 
vividly portrayed by the picture tube. 

*Th* authors wish to express their thanks to the Bala ban 
and Kats Television Studios, Station WBKB, Chicago, for 
making available equipment for these experiment*, 


Successive parts of the blaok-gray-white scale can be 
examined by rotating a knob, analogous to the brilliance 
control of a television receiver. Let us imagine a solid, 
formed by erecting a line perpendicular to the film at 
each point of its surface, each line having a length pro¬ 
portional to the density of its foot. This solid is cut by 
two planes parallel to the film (one plane representing 
black on the kinescope and the other white), and the 
frustum can be examined in detail. The brilliance con¬ 
trol regulates the distance of those pianos from the base, 
and the contrast (sensitivity) control adjusts their dis¬ 
tance from each other. The result can be metaphorically 
described as taking serial sections along the density axis 
of the film. 

To date, a few x-rav films have been viewed by this 
method, and the improvement in contrast is striking, espe¬ 
cially when one personally operates the controls and 
watches the shifts in emphasis. If the kinescope is pho¬ 
tographed with the controls properly set, a more vivid 
picture results than can be taken from the film directly. 

John S. Garvin and Craig W. Goodwin 
Illinois Psychiatric Institute t 
University of Illinois 

The High School Biology Teacher 

Victor A. Greulach (Science 1949, 109, 385) in sharing 
Ur. Van Overbeek's concern over the inadequacy of high 
school biology teaching, (Science 1949, 109, 210) ex¬ 
horts “professional biologists through their societies to 
support a program designed to improve the quality and 
quantity of secondary school biology. ” 

A practical and more immediately feasible suggestion 
might be for some university departments of biology to 
remove—or at least to open—the aoademio curtain that 
they keep tightly drawn between themselves and depart¬ 
ments of education. 1 know of one large university in 
the East in which the zoology department schedules its 
courses at hours which seem deliberately designed to 
keep out high school biology teachers. 
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It is gratifying to learn of the preoccupation of at 
Leant some professional biologists with improvement of 
the biology literacy of the American public. National, 
state, and local associations of high school biology teach¬ 
ers are equally concerned and they would welcome the 
cooperation of their colleagues in colleges, universities, 
and research institutions, 

Zachariah Subabskt 

Department of Biology, 

The Bronx High School of Science, New York 

Correction 

In my report on the Echo Lakes Symposium on Cosmic 
Kays (Science, September 2, 3949) the a- and ^-symbols 
were interchanged, in the line before last of the second 
column, p. 242, and in the first line of the third column 
in the same page. The portion of the text containing 
these two lines should read: i( . . . the latest values for 
the masses of the \i - and the n-meson (215 and 285 
electron masses respectively) and for the mean life of 
the n-meson (0.63 x 10"* sec). M In a recent letter to the 
writer, Er. Barkas states that this value for the mean life 
of the jt-meson has been superseded by more accurate 
measurements. These measurements, made on positive 
n-mesons, give a mean life of 1.97 x 10" 8 sec. T)r. Barkas 
also indicates that new mass measurements give 276 elec¬ 
tron masses for positive or negative n-mesons and 210 
electron masses for positive ^-mesons. 

Bbuno Rossi 

Massachusetts Institute of Technology , 

Cambridge, Massachusetts 

Psilotum Gametophytes Matured under 
Greenhouse Conditions from 
Self-sown Spores 

Recently, young sporophytie plants of Psilotum nudum 
(L.) Griseb. (Eames, A. J. Morphology of vascular 
plants, lower groups . New York: McGraw-Hill, 1936) 
were found growing in the pot of a ten-year old Cibotium 
plant and in the soil around a dead Adiantum plant 
taken from the former pot. Mature sporophytie plants 
of Psilotum have been growing for 10 to 12 years in the 
vieinity of the Cibotium plant in the Cornell University 
Conservatory. 

Numerous whole or fragmentary pieces of gameto- 
phytas (Darnell-Smith, P. A. Trans , Boy . 8oo . Edin¬ 
burgh, 1917, 52, 79; Holloway, J. E. Ann . Bot., 1939, 3, 
313; Lawson, A. A, Trans. Boy, Boo , Edinburgh, 1917, 
52, 93) were found in the soil supporting the sporelings, 


but none were found in the larger pot where they probably* 
first appeared. Gemmae were observed arising from both 
the gametophytes and the sporophytie rhizomes as de¬ 
scribed by Holloway* Antheridia were fairly abundant, 
and the characteristic four-rowed archegonial necks, 
both entire and decapitated, were observed on nearly 
all of the gametophytes. Structures which could un¬ 
questionably bo called embryos were not seen. During 
the examination of the gametophytes in water under a 
dissecting microscope, the beat from the electric light bulb 
warmed the water sufficiently to cause the antheridia to 
open apically to discharge the sperms. Under the arti¬ 
ficial conditions, the sperms were shoprt-lived and died 
within an hour or less if they did not come in contact 
with archegonia. The striking, ceiled, hyaline sperms 
were not seen to enter the archegonia, but apparently to 
lie down, as it were, and remain across the open end 
of the decapitated necks. 

This brief description of a possible source of game- 
tophytes of a plant so important to morphologists and 
system at ists seems worthy of note, for, insofar as the 
authors are aware, the gametophytes of Psilotum have 
not before been cultured to maturity, either intentionally 
or, as here, unintentionally, and such culture is considered 
impossible by many. Lawson germinated spores under 
nearly natural conditions but it is not clear from his 
report whether he grew the gametophytes to maturity 
or not, 

M. F. Moseley, Jr., and 
Bessie C. Zimmkrlv 

Santa Barbara College , 

University of California, 

Santa Barbara, California and 
Department of Botany, 

Cornell University, Ithaca, New York 

Rainfall of Fish 

With regard to the communication (Science, 1949, 109, 
402) concerning the rainfall of fish, another pertinent 
experience may be of interest. 

While stationed on the island of Guam in September, 
1936,1 witnessed a brief rainfall of fish, one of the speci¬ 
mens of which was identified as the tench (Tinea tinea ) 
which, to my knowledge, is common only to the fresh 
waters of Europe, The presence of this species at a 
locale so remote from its normal habitat is worthy of 
note. 

J. Hedqepath, Major, U* 8. Abut (ret.) 
General Delivery, 

Aberdeen, Maryland 
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Book Reviews 


Unitary principle in phytic* and biology* Lancelot Law 

Whyte. New York (10): Henry Holt, 1949. Pp. 

xxlii-fl62, $3.50. 

The development of fundamental sciences during the 
first half of the preeont century was characterized on one 
hand by clarification of basic principles underlying phys¬ 
ical phenomena (relativity, uncertainty, elementary par- 
tides), and on the other by much deeper insight into 
basic phenomena from the realm of biology (interpreta¬ 
tion of genes and viruses as single molecules, etc.) which 
gives us promise of understanding tho phenomena of life 
on a purely physical basis. This led recently to a much 
closer collaboration between physicists and biologists, and 
induced many theoretical physicists (for example, E, 
Sehroedinger) to attempt an extension of the well-devel¬ 
oped methods of physical theory into the virgin field of 
fundamental biology. Although, as could well be ex¬ 
pected, the development of the theory of organic matter 
still represents tremendous difficulties, one can hope that 
further experimental studies of elementary biological phe¬ 
nomena, and more extensive work on their interpretation 
in the language of molecular physics, will lead in the 
future (maybe not so distant) to the complete solution 
of the ancient riddle of life. 

That is why one witnesses with a deep chagrin the 
appearance of such books as one by Lancelot X^nw Whyte 
who claims to be able to turn upside down both physics 
and biology, and to arrange them into new order on the 
basis of a newly invented philosophical (in the bad sense 
of this word) principle of 1 * unitarity . 99 

It is hardly necessary to discuss in any details the con¬ 
tents of this book, which will be quite unacceptable to all 
physicists (even to those possessing a great sense of 
humor), and of little help to any biologist. Thus we 
will give only a few quotations typical for the entire 
presentation. The "Unitary Principle” from which all 
laws of physics and biology are to be derived reads: 

” Asymmetry tends to disappear, and this tendency is 
realised in isoluble processes.” In applying this prin¬ 
ciple to physical phenomena, the author comes to a 
number of conclusions which, according to him "offer 
a ohallinge to the theoretical physicist* either to justify 
them by quantitative confirmation, or to show that they 
contradict established facts. * ’ Here are two examples of 
such conclusions: "Atom is a stable pattern with one 
center of (latent) symmetry. * * 1 * Electronic current 

(at temperatures not close to absolute zero) is a con¬ 
tinued induction, by a chemical source of polarization, of 
an extended state of polarization (in a conductor) which 
continually collapses into disordered molecular polari¬ 
zation, ” 

Having revolutionized physics by these and other simi¬ 
lar statements, the author tarns to biology and defines, for 
example, a green plant ost ". . . a continuous process 


of local cbirol fields stabilized by hereditary units and 
supported by stationary structures conforming to an ex¬ 
ternal axis. ’ * 

Not being a botanist, the reviewer is unable to judge 
the merits of this definition. 

The quotations are sufficient commentary on this book, 

George Gamow 

George Washington University 

Factors of evolution: The theory of stabilizing selection, 

I. I. Schmalhausen. (Theodosius Dobzhanaky, Ed,; 

I. Dordick, Trans.) Philadelphia: Blakiston, 1949. 

Pp. xiv + 327. (Illustrated.) $6.00. 

Although its dust jacket calls Factors of evolution the 
" first full discussion of new contributions to evolution 
in more than a decade,” it fails to show any advantage 
of its recency. It was written six years ago, but the 
bibliography does not cite any non-Russian papers after 
1940, and only a few Russian ones. However, a large 
body of data from the USSR is revealed, and most biol¬ 
ogists should find a number of interesting notes on work 
in their own field. 

This book is directed toward establishing the separa¬ 
tion of natural selection into a dynamic role and a 
stabilizing one. Those factors which tend to chango the 
average phenotype of a population are considered dy¬ 
namic, while those which tend to preserve the population 
within a narrow range of variation are considered stabi¬ 
lizing. Schmalhausen focuses attention on that group of 
factors which have the effect of stabilizing the genetic and 
morphogenetic systems of organisms, and which, together 
with the elimination of harmful mutants, form the basis 
of stabilizing selection, 

A broad background of work in genetics is used as an 
introduction to the book, followed by a discussion of 
natural selection and its consequences, and then a section 
on tho evolution of morphogenetic reactions. The con¬ 
cluding section consists of a discussion of the factors 
involved in rates of evolution. In each case the facts are 
selected to fit into the general picture of stabilizing 
selection, little attempt being made to present a discus¬ 
sion of the whole field of evolution. 

The main value of this book will undoubtedly be in the 
intensive discussion and work it will generate. This is 
because the number of interesting ideas presented is 
large, but often the evidence for them is sufficiently 
meager Or the interpretation sufficiently questionable to 
warrant much further investigation. The publisher’s 
suggestion fUr using the book as a text, or its use for 
any general purpose, should find little acceptance- The 
language is difficult and often obscure. Readers with 
a general knowledge of taxonomy or genetics will dis¬ 
cover many errors and inconsistencies, 

It should be noted that Schmalhausen 'b ideas come 
from within the framework of Mendelian genetics. 
Throughout tho book the discussion of the roles of en- 
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vironment and heredity in development are distinctly 
stated without prejudicing either one. However, the ad* 
vocacy of Mendelism in this book cost Schmalhausen his 
position in August of 1948. 

Herman Slatis 

Uni versify of Chicago 

From Euclid to Eddington: A study of conceptions of the 

external world. (The Tamer Lectures, 1947.) Ed¬ 
mund Whittaker. New York: Cambridge TTniv, Press, 

1949. Pp. is + 212. $4.00. 

Although the title suggests a systematic history of 
cosmological speculations, and the subtitle hints at a 
philosophy of science, the present book (containing the 
substance of the Turner Lectures for 1947) is in fact 
neither. Its aim is to outline the development of some 
of the chief theoretical principles of modern physics, es¬ 
pecially those which contribute to the systematic unifi¬ 
cation of physical knowledge and have a bearing on 
larger cosmological questions. The volume is thus ad¬ 
dressed to readers concerned with the state of current 
theory; and Whittaker employs historical materials pri¬ 
marily to introduce modern notions and to make evident 
what is novel in them. His exposition is divided into five 
parts, dealing in sequence with basic ideas in the analysis 
of space and time, with the fundamental concepts of clas¬ 
sical physics, with the notions underlying general rela¬ 
tivity, with the concepts of quantum theory, and finally 
with Eddington ’s cosmological views. 

Whittaker writes with his customary clarity, though he 
does assume more than mere literacy on tho part of his 
audience; and he makes excellent use of his unusual 
mastery of the history of science to illuminate recent 
attempts at a unified conception of the physical world 
by showing the relevance of earlier efforts in this direc¬ 
tion. Moreover, he expounds the remarkable achievements 
of modern theoretical physics with contagious admira¬ 
tion and enthusiasm; and his reasonably intelligible 
account of Eddington's fascinating but not widely known 
contributions to physical cosmology constitutes a specially 
useful service to tho general reader. 

However, the book has little to offer to anyone in¬ 
terested in the philosophical and logical analysis of mod¬ 
ern theoretical formulations. Whittaker is indeed often 
on the verge of interesting methodological reflections, as 
in his brief comment on electrons as not being “parti¬ 
cles in the old sense/' or in his over-all remark on the 
use of alternative models in interpreting the t ormaliam of 
quantum theory. Ho also tantalises his readers by such 
asides as that recent work on the unified field theory, 
while marking important contributions to pure mathe¬ 
matics, does not possess much physical significance. It is 
also evident that Whittaker does not subscribe to the 
positivist-pragmatist account of the function of physical 
theory/as is dear from his somewhat negative evolu¬ 
tion of Newtonian gravitational theory because of the 


latter's silence on the origin and mode of transmission♦ 
of gravitational influences. But none of these essentially 
incidental observations are adequately developed, and in 
consequence the reader is never permitted to inspect tho 
intellectual center from which Whittaker surveys and 
evaluates the fundamental ideas of modern physics. 

Ernest Nagel 

Columbia University 

Atmospheric electricity. J. Alan Chalmers. New York 

(11): Oxford Univ. Press; Oxford, Engl: Clarendon 

Press, 1949. Pp. 175. (Illustrated.) $3.75. 

The appearance of a new book on atmospheric elec¬ 
tricity is most welcome. The textbooks of Cliauvenu, 
Maehe and Schweidler, Beundorf, Benndorf and Hess, et 
al. t are all more or less obsolete and for English readers 
only the short monograph of Schonland (1932) and three 
chapters in Fleming's Terrestrial magnetism (1939) by 
Cisli, Torreson, and Behonland were available until now. 

Chalmers' book is well written and up to date. One 
can immediately see that the author has worked a great 
deal (with Whipple) in this field. 

It is especially commendable that the new ideas on the 
mean lifetime of ions and the equilibrium between small 
and large ions (Nolan, Whipple, Schweidler) are fully 
presented and that the thunderstorm phenomena are de¬ 
scribed in modern form, taking into account the results 
of the altieloctrograph recordings. 

The author mentions in the preface that he purposely 
omitted a chapter on cosmic rays (as, for instance, given 
in Schonland's book) and I agree with him that a full 
presentation of these phenomena is not necessary for the 
explanation of atmosphcric-oleotric phenomena. I wish, 
however, that the importance of ionization by cosmic rays 
had been stressed in the discussion of the ionization bal¬ 
ance of tho lower atmosphere, especially over the oceans. 
Also, I think, the treatment of the main problem of 
atmospheric electricity (maintenance of the earth'» nega¬ 
tive charge), although excellent, is perhaps incomplete, 
since tho reader does not get any information with regard 
to the transfer of charges from the upper part of the 
thunderstorm regions to the ionosphere. 

I also should have wished to see a quantitative treat¬ 
ment of the role of the various ionizing agencies in the 
atmosphere: contribution of the alpha, beta and gamma 
rays from the radioactive products in the atmosphere, 
their distribution with altitude (W. Schmidt's theory of 
mass exchange) and contribution of ionization by cosmic 
rays in the free atmosphere in the troposphere and tho 
stratosphere. 

In all other respects, Chalmers' book is a very fine, 
modern text, which deserves full recognition as a standard 
monograph and wide distribution among geophysicists 
and specialists in the field of atmospheric electricity. 

VioToa F. Hess 

Fordham University 
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{Continued from page 469.) 

Brucella organisms. Werner Braun (Camp Detrick) 
reported on the variation of Brucella and on a selec¬ 
tive factor present in the serum of normal Brucella- 
susceptible species which is able to suppress the estab¬ 
lishment of avirulent variants. This factor is absent 
from the serum of relatively insusceptible species, as 
well as from the serum of infected or vaccinated in¬ 
dividuals of susceptible species. It is hoped to de¬ 
velop a now method of therapy baaed on the inactiva¬ 
tion of this U SS” factor in vivo. In his discussion of 
the physiology of Brucella, B. H. Hoyer (National 
Institutes of Health) reported that the urease activity 
of Br. abortus strains is much lower than that of Br. 
melitensis or Br. suis strains, and that the urease test, 
used quantitatively, represents an additional aid in 
differentiating Brucella cultures. Sanford Elberg 
(University of California) discussed the relatively 
low resistance of large and small animals to reinfec¬ 
tion with Brucella organisms, particularly in respect, 
to tissue response, and the dissemination of the or¬ 
ganisms in the internal organs of immune animals as 
compared with susceptible animals. 

The evening session of the first day was devoted to 
a discussion of clinical problems and an evaluation of 
available chemotherapeutic materials. W. W. Spink 
(University of Minnesota) reported on his experience 
over a period of 12 years with over 250 culturally 
proved cases of brucellosis. He emphasized that an 
unequivocal diagnosis of brucellosis is established only 
when Brucella organisms are Cultured from the tissues 
or body fluids. Positive agglutination tests are help¬ 
ful in diagnosing the disease, although skin tests and 
opsonocytophagic tests are of only doubtful value. In 
his evaluation of the effectiveness of currently avail* 
able chemotherapeutic agents, Wesley Eisele (Univer¬ 
sity of Chicago) took the point of view that no satis¬ 
factory drug was yet available for the treatment of 
brucellosis and that many of the reported successes 
in therapy represented spontaneous recoveries. Dr. 
Eisele admitted that streptomycin plus sulfadiazine, 
aureomycin, and some other agents often, or usually, 
suppressed the disease, but considered that relapse of 
the infection could be anticipated with great frequency 
after treatment with such agents. 

In opening the morning session of the second day, 
IL R. Irwin (University of Wisconsin) reported on 
the presence of bacterieidins, particularly for Br. 
abortus, in the blood of experimentally infected or 
vaccinated cattle, as well as in some normal animals, 
these antibodies being distinct from agglutinins. A. 


I. Braude (University of Minnesota), in discussing the 
pathology of brucellosis, pointed out that the disease 
in experimental animals is characterized by the for¬ 
mation of granulomas in the tissues, by the develop¬ 
ment of hypersensitivity, and by the appearance of 
tho Brucella organisms within the macrophages. The 
limitations and interpretations of the common labora¬ 
tory tests used in diagnosing brucellosis were described 
by N. B. McCullough (University of Chicago and 
National Institutes of Health). The use of the guinea 
pig for chemotherapeutic tests was reported on by B. 
N. Carle (National Institutes of Health). F. M. 
Anderson (Federalsburg, Maryland) reviewed an out¬ 
break of brucellosis in the small town of Federalsbnrg, 
Maryland, in closing the morning session. 

The afternoon session of the second day was devoted 
to the epidemiology of brucellosis. C. F. Jordan 
(Tarrant County, Texas, Health Department) re¬ 
ported that, for the seven-year period 1940-194A, the 
average yearly aggregate of reported cases of brucel¬ 
losis in the United States was at the rate of 3.11 per 
100,000 population. Br. abortus infections predomi¬ 
nate in areas devoted to dairying or cattle-raising, 
whereas Br. suis infections are most common in the 
meat-packing industry and in hog-raising areas. S. 
R. Damon (Indiana State Health Department) pre¬ 
sented the results of studies on the epidemiology of 
brucellosis in Indiana, a much lower incidence of the 
infection being encountered than was considered prob¬ 
able when the study was initiated. P. Morales Otero 
(Santurce, Puerto Rico) reported that brucellosis was 
first discovered in 1921 in Puerto Rico, and that, in 
the years since, the infection had become disseminated 
in cattle throughout the island. The incidence of the 
infection in man has increased correspondingly and is 
currently five times that reported in the island in 1930. 
Inuring 1948, the Insular Government inaugurated a 
brucellosis eradication program in Puerto Rico. The 
incidence of brucellosis in Canada varies greatly 
among different provinces, according to R. Gwatkin 
(Canadian Department of Health). Steps are being 
taken by the Canadian Government to aid in the con¬ 
trol of the disease among cattle and swine. R, New¬ 
ton (Swift and Company) briefly outlined the prob¬ 
lems which the meat-packing industry faces in 
brucellosis. In closing the meeting, C< M. Carpenter 
(University of California at Los Angeles) summarized 
his experiences in studying brucellosis over approxi¬ 
mately twenty-five years, particularly in respect to 
the use and interpretation of skin test responses to 
Brucella antigen. 
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Association Affairs 


THE DECEMBER MEETING 

All arrangement a for the 116th Meeting of the AAA8, 
December 26-31, are proceeding on schedule despite indi¬ 
cations that this will be the largest annual convention in 
the 101-year history of the A A AS. All but one of the 
Association*s 17 sections and subsections and nearly 60 
participating societies will have programs—most of them 
with multiple sessions. The five Penn Zone hotels and 
the Manhattan Center (with some sessions on the campus 
of Columbia University) make it possible to maintain 
the integrity of each society # s sessions and yet retain 
the advantages of a large diversified meeting in one 
compact area within a radius of three city blocks. 

Ten symposia sponsored by the Association are for the 
moat part grouped on Thursday and Friday, December 
29 and 30. A summary of all the programs and a de¬ 
scription of the 70 exhibits that fill the 86 booths—all 
that could be made available this year—will appear in 
the proconvention issue of Science, December 9, 1949. 
Advance registrants will receive the general program, of 
over 300 pages, the first week in December. 

It would be impossible to make arrangements for the 
large and complex meetings of the A A AS, to ensure 
their smooth operation, and to secure adequate publicity 
for the programs and special events without the coopera¬ 
tion of a great many individuals and the generous con¬ 
tribution of their time and effort. This year, the 70-odd 
section and society secretaries (with few exceptions) 
were prompt in sending in their copy, including more 
than 2,000 titles; the printer of the general program has 
maintained a tight schedule for galley and page proof, 
and the AAAS local committees already have begun their 
substantial duties. A complete list of these committees 
follows t 

General Chairman 

Joseph W. Barker, president, Research Corporation. 

Executive Committee 

(Composed of the chairmen of the six local committees) 

Joseph W* Barker, chairman; George 8. Avery, Jr 
Harold H. Glum ; Stuart C. Doriww; Robert Barron ; R. 
W . King; George B. Pogrom, 

Advisory Committee 

George B, Pogrom, vice president, Columbia Univer¬ 
sity, chairman; Frank G, Boudreau, executive director, 
Milbaak Memorial Fund; Donald E. Lanoefield, Queens 
College; Albert R, Farr, director, American Museum of 
Natural History; WMUm J, Bobbins, director, New York 
Botanical Garden; Sam F, Trelease, Columbia University. 

Equipment and Projection Committee 

Sartii S, Ohtm, Huirter CoUegu, ohainnsnj E. G, 
Atoaum, Brooklyn College; P. L. Bailey, The City Col¬ 


lege; C, A, Berger, 8.J., Fordham University; Bichard 
B, Conklin, Brooklyn College; Gordon G. Darlcenwald, 
Huntfr College; J, A, Dawson, The City College; Bay F, 
Dawson, Columbia University; William T . Gormley, 
Hunter College; Louis Levine , The City College; Daniel 
Ludwig, New York University; Walter H. Mats, Brooklyn 
College; Edwin B. Matzke, Columbia University; Morris 
Meistcr , principal, Bronx High School or Science; Arthur 
W, Pollister, Columbia University; Don D, Bitchie, Bar¬ 
nard College; B. W. Root, The City College; Leonard P. 
Sayles , The City College; Simon Share, Queens College; 
Arthur Sweeny, Jr,, Hunter College; Edward M . Thorn¬ 
dike, Queens College; * George S. Tulloch, Brooklyn Col¬ 
lege; Morris Winokur, The City College; Bertha Witt- 
lin-gcr, Jamaica High School; Wilson W, Woodcock, 
Hunter College; Donald D. Wright, Brooklyn College; 
Fred Zaher , Brooklyn College. 

Finance Committee 

8. W. tong, Bell Telephone Laboratories, chairman; 
J, C. Boyce, Department of Physics, New York Univer¬ 
sity; C. L, Brown, Standard Oil Development Company; 
H. M, Chadwell, Atomic Energy Commission; Richard 
Courant, Institute for Mathematics and Mechanics, New 
York University; L. M, Currie, National Carbon Com¬ 
pany, Inc .; R. J, Dub os, Rockefeller Institute for Medi¬ 
cal Research; C. G. King, Nutrition Foundation; B. E. 
Kirk, Polytechnic Institute of Brooklyn; R. C, Swain, 
American Cyanamid Company. 

Publicity Committee 

Robert Barron, Director of Public Information, Colum¬ 
bia University, chairman; Lawrence W, Bass, vice presi¬ 
dent, U. S. Industrial Chemicals, Inc,; Martin J. Free¬ 
man, director of public relations, Hunter College; Richard 
8. Henry , Office of Public Information, Columbia Uni¬ 
versity; Israel E. Levine, assistant director of public 
relatione, The City College; Edward B. Lyman, assistant 
to the president, Fordham University; Henry S. Miller, 
director of public relations, Queens College; Robert L, 
Taylor, editor, Chemical Industries; Louise Warner, 
publicity director, Polytechnic Institute of Brooklyn; 
Hayden Weller, director pf press relations, New York 
University, vice chairman. 

Reception and Entertainment Committee 

George S. Avery, Jr., director, Brooklyn Botanic Gar¬ 
den, Chairman ; Ralph A, Beals, director, The New York 
Public Library; W* Tresper Clarke, chief chemist, Bock- 
wood and Company; John Q, Phillips, president. Inter¬ 
national Business Machines Corporation; George L> Me- 
New, director; Boyce Thompson Institute for Plant Be- 
search ; /. B, Poppele, vice president and chief engineer, 
WOB; Allen Porter, sectary, Museum Of Modern Art; 
Leander Query, pubVfc relations manager, New York Tolc^ 
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phone Company; Floyd D . Roger*, Jr., manager, public 
relatione, The Metropolitan Museum of Art; Bardinge 
8cholic, director, Museum of the City of New York; 
John Tee-Van, executive secretary, New York Zoological 
Society; F* E. Vila* f Consolidated Edison Company of 
New York. 

Reference Committee 

Stuart C. Dorman, manager, College Department, 
McGrnw-Hill Book Company, chairman; Afahion A*hford f 
New York Academy of Medicine; Robert 8, Mathews , 
Bonnett and Pleasant; Boh* F. Nigrelli, New York 
Aquarium; Elliott R. Weyer , vice president, Pfizer 
Chemical Company. 

The 116th Meeting of the A A AS, and the unnual meet¬ 
ing for the year 1949, is also the sixth New York meeting. 
The previous occasions when the Association met in New 
York City wore 1887, 1900, 1906, 1916 and 1928. It will 
bo noted that an interval of 21 years has elapsed since 
the fifth New York meeting, when Henry Fairfield Os* 
born and Arthur A. Noyes were president and retiring 
president, respectively. 

The organization of the meetings is much the same, a 
number of the exhibitors in the 1949 Annual Science Ex¬ 


position wore present in 1928, the roster of the participat¬ 
ing societies retains many of the same namee~-and there 
will be a gratifying number at the sessions of 1949 that 
also were there 21 years ago. George B‘. Pegram, of 
Columbia, who was general chairman of local committees 
in 1928; Bam F. Trelease, who edited the program that 
year; and Donald E. Lancefield, then chairman of the 
special committee on local transportation, are ail serving 
on the Local Advisory Committee this year. Edmund W. 
Binnott, of the 1928 Local Committee on Exhibitions, is 
the 1949 retiring president of the Association, while 
Roger Adams, current president elect, was chairman of 
the AAAS Committee on Prize Awards at the fifth New 
York meeting. Once again, the Biologists* Smoker will 
be held at the American Museum of Natural History. 

But there are differences. A whole generation of 
young scientists has reached maturity and increased the 
membership of the Association. This year’s meeting is 
larger in participating organizations and includes new 
societies, the papers are more numerous, the attendance 
is greater, and there are more exhibitors. The greatest 
differences, however, are the advances that have been 
made in science itself, the technological innovations and 
their effects on man’s thinking. 


NEfVS 
and Notes , 

George D. Stoddard, president of 
the University of Dlinois, has been 
elected chairman of the U. 8. Na¬ 
tional Commission for Unesco. Dr. 
Stoddard succeeds Milton 8. Eisen¬ 
hower, whose terms of office have 
reached the limit of three set by the 
bylaws. 

Karl A, Folkers, director of or¬ 
ganic and biochemical research for 
Merck and Company, Inc., will de¬ 
liver the fifth annual Harrison Howe 
Lecture at a meeting of the Roches¬ 
ter Section of the American Chemical 
Society, November 7, Dr. Folkers 
will speak on “Research on Vitamin 

B m 
i** 

Tse-Tuan Chen, formerly profes¬ 
sor of zoology at the State Teachers 
College at Bemidji, Minnesota, baa 
joined the Department of Zoology 
staff of the University of Southern 
California. Dr. Chen will continue 


his work on protozoan cytogenetics, 
which has boon supported by a Public 
Health Service grant. 

Alma P. Beaver, associate pro¬ 
fessor of psychology at Santa Bar¬ 
bara College of the University of 
California, will conduct a survey of 
educational and clinical methods in 
the Scandinavian countries from Jan¬ 
uary to June, 1950. Dr. Beaver is on 
sabbatical leave from the university, 
and is now making a study of psy¬ 
chological theories and methods of 
therapy at the Langley Porter Clinic, 
San Francisco. 

Clarence F. Winchester, formerly 
associate professor of nutrition at 
the University of Florida, is now 
physiologist at the Animal Hus¬ 
bandry Division, U. S. Department 
of Agriculture Research Center, 
Beltsville, Maryland. Dr. Winches¬ 
ter is in charge of research projects 
relating endocrinology to problems 
of nutrition, 

Elkabeth A* Lockwood has been 
appointed as field consultant in 
health education by the National 
Foundation for Infantile Paralysis. 
She will advise professional groups 
and state representatives Of the foun¬ 


dation in the development of health 
education programs relating to polio¬ 
myelitis. 

George Howard Parker, profes¬ 
sor emeritus of zoology, Harvard 
University, has been made patron of 
the Bermuda Biological Station for 
Research by election of the station’s 
board of trustees. 

James F. Kerwin, research chem¬ 
ist, has been named assistant head 
of the Organic Chemistry Section of 
Smith, Kline and French Labora¬ 
tories in Philadelphia. 

Visitors to U. S. 

Pandit Jawaharlal Nehru, Indian 
prime minister, and his sister, am¬ 
bassador to the U. S., conferred in 
Boston last week with James B. 
Conant and Harlow Shapley, of Har¬ 
vard University, about a new 
Schmidt-type telescope for the Alla¬ 
habad University Observatory in 
north India, and a sun-observing 
coronagraph for Mt. Kodaikanal So¬ 
lar Observatory in southern India. 
A. C. Baaeift of Allahabad, and A. 
K. Das, of Mt Kodaikanal, will visit 
Harvard later to work out the de¬ 
tails of the project. 
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Sven Htlla n trom, professor and 
chief of the Dermatologic and Vene¬ 
real Disease Clinic of the University 
of Stockholm, lectured last week at 
the New York University-Bellevue 
Medical Center. 

Felisberto Pinto Monteiro, of 
Bio de Janeiro, is in this country 
for research In the field of fish and 
wildlife. Mr, Pinto has received a 
three months 9 grant-in-aid from the 
U. S. Department of State. 

Becent visitors at the National 
Bureau of Standards included: D. 
J. Badkas, assistant professor, In¬ 
dian Institute of Science, Bangalore, 
India; D. H. Black, director, Tele¬ 
communications Research and Devel¬ 
opment, Ministry of Supply, Eng¬ 
land ; E. Heymann, associate profes¬ 
sor of physical chemistry, University 
of Melbourne, Australia; L. E. 
Howlett, associate director, Division 
of Physics, National Research Coun¬ 
cil, Ottawa, Canada; J. S. McPetrie, 
superintendent of research, Signals 
Research and Development Establish¬ 
ment, England; C. Pot, general di¬ 
rector, Electro-Smit Dynamoworks, 
Slikkerveer, Holland; H. N. Ra- 
machandra Rao, assistant professor, 
Department of Power Engineering 
and Electrical Technology, Indian 
Institute of Science, Bangalore; 
Yves Rocard, chef du Service des 
Recherchea, Direction Centrale des 
Constructions et Armes Navales, 
Paris, France; T. Edward Allibone, 
director, Associated Electrical Indus¬ 
tries, Ltd., Research Laboratories, 
Aldemiaston, Berkshire, England; 
Lucien Biguet, director, Department 
of Chemical Products, S* A. Cofra- 
met, Paris; Luis Braxnao, chief, De¬ 
partment of Soils, Portugal; A. J. 
Dale, director of research, Johnson 
Brothers, Ltd., Stoke-on-Trent, Eng¬ 
land; and M. A. Malik, electrical 
engineer, Public Works Department, 
Lahore, Pakistan. 

Grants and Awards 

The 'Board of Foreign Scholar- 
ships of the State Department has 
announced the teaching and research 
awards made for this academic year 
under the terms of the Futbright Act 
Among the American exchange 
scholars are; Bernard ■ Freeman 
/ New 


England Deaconess Hospital, Bos¬ 
ton, selected as visiting lecturer in 
pathology at University of the Phi¬ 
lippines; Fred Egg an , professor and 
chairman of the Department of An¬ 
thropology, University of Chicago, 
for anthropological research in the 
Philippines; Pauline Fertseh, assist¬ 
ant professor of psychology, Univer¬ 
sity of Texas, visiting lecturer in 
psychology at the University of the 
Philippines; Ruth M . Leverton, di¬ 
rector of human nutrition and food 
research, Department of Home Eco¬ 
nomics, University of Nebraska, to 
teach nutrition at the Philippine 
Women's University; Jesse E. 
Thompson, chief resident surgeon, 
Massachusetts Memorial Hospital, 
Boston, for research in medicine at 
Nuffield Medical Research Institute, 
Oxford University; Robert L. Driver, 
interne, Hospital of the University of 
Pennsylvania, for research in neuro¬ 
pharmacology and neurophysiology, 
University of Edinburgh, Scotland; 
Randolph W. Chapman, professor of 
petrography, Johns Hopkins Univer¬ 
sity, visiting lecturer in geology, St. 
Andrews University, Scotland; El¬ 
mer B . Tolsted, Jr., assistant profes¬ 
sor of mathematics, Pomoua College, 
visiting lecturer in mathematics at 
University College of the Southwest, 
Exeter, England; Roger W . Russell, 
associate professor of psychology 
and resident fellow in neurophysiol¬ 
ogy at University of Pittsburgh and 
Western State Psychiatric Institute, 
for research in animal psychology at 
the Institute of Psychiatry, Univer¬ 
sity of London ; Elwood C . Zimmer¬ 
man, associate entomologist, experi¬ 
ment Station of the Hawaiian Sugar 
Planters Association, for research on 
insects of Hawaii at the British Mu¬ 
seum of Natural History; Darragh 
E. Nagle , instructor in physics, Mas¬ 
sachusetts Institute of Technology, 
for research in nuclear physics, Cam¬ 
bridge University; David E, Schnei¬ 
der, teaching fellow, Department of 
Social Relations, Harvard Univer¬ 
sity, lecturer in anthropology, Lon¬ 
don School of Economies; Sewell 
Wright, professor of zoology, Uni¬ 
versity of Chicago, visiting lecturer 
in statistical genetics, University of 
Edinburgh; Josef F. Bunnett, as- 
afcefcaat professor of chemistry; Reed 
College, Portland, Oregon, for re¬ 


search in theoretical organic ebem-* 
istry, University College, London; 
Ernest Sachs, Jr., senior fellow In 
neurosurgery, Yale University, re¬ 
search in lobotomy, National Hospi¬ 
tal, University of London; Clyde 
Stormont, assistant professor of 
genetics, University of Wisconsin, 
for research in dairy science at the 
Animal Research Station, Wallaee- 
ville, New Zealand; Basil E, Mont¬ 
gomery, associate professor of en¬ 
tomology, Purdue University, Lafay¬ 
ette, Indiana, for research in the 
ecology of the bumble bee in relation 
to the fertilization of red clover, 
University of New Zealand, Auk- 
land; William R. Vance, assistant 
professor of natural science, Chico 
State College, Chico, California, vis¬ 
iting professor of public health, Uni¬ 
versity of Rangoon, Burma; C. Don¬ 
nell Turner , chairman, Department 
of Biology, Utica College of Syracuse 
University, visiting professor of biol- 
ogy, University of Rangoon; Roy 6. 
Bose, professor of psychology, City 
College, Santa Monica, California, 
visiting lecturer in child guidance, 
Philippine Normal School, Manila; 
William J. Emerson, medical investi¬ 
gator, Massachusetts General Hos¬ 
pital, Boston, for research on medi¬ 
cine, University of Paris; Edgar 
Bright Wilson, Jr., professor of 
chemistry, Harvard University, for 
research in chemistry, Queens Col¬ 
lege, Oxford University; John Rich¬ 
ard King, postdoctoral student at 
Harvard University, visiting profes¬ 
sor in agriculture, State Training 
College for Teachers, Rangoon; 
Kerro Knox , research fellow, Brook- 
haven National Laboratory, for re¬ 
search in chemistry in the Depart¬ 
ment of Physical Chemistry, Cam¬ 
bridge University; Edward M. Cor¬ 
son, senior physicist, Armour Re¬ 
search Foundation, Illinois Institute 
of Technology, Chicago, for research 
in physics, Edinburgh University; 
John W , Swensson, formerly physi¬ 
cist at University of California Ra¬ 
diation Laboratory, for research in 
physios, University of Liftge, Bel¬ 
gium; Barry B, Tumey-Bigh, pro¬ 
fessor and head of the Department 
of Anthropology and Sociology, Uni¬ 
versity of South Carolina, Columbia, 
for research In eoCiology at Unriner- 
sity of Li&ge; Peter Van de Kemp, 
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professor of astronomy, Swarthmore 
College, director of 8proul Observa¬ 
tory, visiting lecturer in astronomy, 
Institut d } Astrophysique, Paris; 
Horace M, Miner, associate profes¬ 
sor of anthropology and sociology, 
University of Michigan, for research 
in sociology, University of Algiers, 
Algeria; Nathan James Smith , re¬ 
search fellow in hematology, Chil¬ 
dren *s Hospital, Boston, for research 
in medicine, University of Paris; 
Guy W. Adriance , head of the De¬ 
partment of Horticulture, Agricul¬ 
tural and Mining College of Texas, 
College Station, TexaB, for research 
in horticulture, Italy; and Howard 
W. Etzel, research physicist, Car¬ 
negie Institute of Technology, Pitts¬ 
burgh, for research in physics at the 
Laboratoire de Physique, University 
of Paris. 

The J. Lawrence Smith Medal 

of the National Academy of Sciences 
has been awarded to Fred Lawrence 
Whipple, chairman of the Depart¬ 
ment of Astronomy of the Harvard 
Observatory. Dr. Whipple received 
the award in recognition of his re¬ 
search in the field of the motions and 
nature of meteoric particles in the 
earth’s atmosphere, and especially 
for his derivation of the variations 
of air temperature with altitude, 
based on his studies of meteors. 

Fellowship 

Approximately 600 U. S. Gov¬ 
ernment award* for foreign study 
are available from the Department 
of State for graduate study or re¬ 
search during the academic year 
1950-61. The countries with which 
this educational exchange program 
is now in effect are Belgium and 
Luxembourg, Burma, France, Greece, 
Iran, Italy, Netherlands, New Zea¬ 
land, Norway, the Philippines, and 
the United Kingdom. Closing date 
of these competitions is December 1. 
The awards, made available through 
the Fulbright Act, provide tuition, 
transportation, and maintenance for 
one academic year. Candidates for 
student awards must be American 
citizens, and must have a college de¬ 
gree or its equivalent, as well as a 
knowledge of the language of the 
country in which they intend to 
•tpdy. They should apply to the In¬ 


stitute of International Education, 
2 West 45th Street, New York City 
19. Candidates at the postdoctorate 
level, ot those not having a doctor¬ 
ate but of recognised professional 
standing, who propose to teach or 
carry out an independent program of 
research abroad, should apply to the 
Conference Board of Associated lie- 
search Councils, 2101 Constitution 
Avenue, Washington 25, D. C. 

Colleges and Universities 

University of Michigan scientists 
have recently obtained samples of the 
earth ’s- atmosphere at a height well 
over 40 miles by the use of V-2 and 
Aerobee rockets. The research is 
being done by the Department of 
Aeronautical Engineering as a part 
of the U. 8. Army Signal Corps pro¬ 
gram of investigation of meteorologi¬ 
cal phenomena at high altitudes. 
The project, which is under tho di¬ 
rection of Leslie M. Jones, of the 
uni versity ’a Engineering Research 
Institute, is particularly concerned 
at present with the concentration of 
helium at the earth’s surface and in 
the upper atmosphere. Preliminary 
analysis of the samples indicates that 
the atmosphere up to 230,000 feet 
hns the same relative proportions of 
gases ns at ground level. The gas 
analysis was done by F. A. Paneth 
of Durham University, England, who 
has been investigating the concen¬ 
tration of helium in the atmosphere 
on a world-wide basis. Results of 
this research will eventually be used 
in studies of rocket design and 
weather. 

The University of Wisconsin 

opened its new Enzyme Institute on 
November 1, under the direction of 
David E. Green. The Atomic Energy 
Commission and the U. 8. Chemical 
Corporation will collaborate with the 
institute in certain phases of re¬ 
search, and have allocated $30,000 
and $20,000, respectively, to the proj¬ 
ect The university’s Alumni Re¬ 
search Foundation built the $950,- 
000 laboratory and staff salaries are 
paid by the university. 

Meetings and Elections 

the Fifth Qmwr«l Aitambly of 
tb* International Council of Sci< 
catific Union* wm held la Copes- 


hagen, September 14-16, at the 
Royal Danish Academy. In wel¬ 
coming the delegates, the president 
of the academy spoke of the great 
value of close cooperation among 
scientists of different nations and of 
the need in days of rapidly increas¬ 
ing control of the forces of nature 
to override the limits imposed by 
national boundaries. 

The main business of the meeting 
was to consider a revision of the 
statutes to meet the change of con¬ 
ditions since they were drawn up in 
1931. The two chief alterations 
agreed upon wore the formation of 
a bureau within the executive board, 
and a classification of the unions 
into two groups, general and special¬ 
ised. Of the existing unions the 
following were classed as general: 
astronomy, geodesy and geophysics, 
chemistry, physics, and biology. 
The remaining unions—radio sci¬ 
ences, geography, crystallography, 
mechanics, and history of sciences— 
were classed ns specialized. No new 
unions were accepted as adhering 
organization* but the bureau was 
instructed to appoint a policy com¬ 
mittee to examine and report upon 
tho principles which should govern 
the admission of new unions. Some 
anxiety was shown regarding a reso¬ 
lution adopted by the Executive 
Board of Unesco recommending that 
grantB-in-aid should be made prin¬ 
cipally to new projects, but It was 
decided at the General Conference 
of Unesco, which followed almost 
immediately after the General As¬ 
sembly of IC8U, to continue the 
grants-in-aid which had given moBt 
useful and valuable help to Unesco 
and its unions. 

The following were elected as the 
bureau for the next three years: 
president, A. von Muralt, Switzer¬ 
land ; vice presidents, E. Borel, 
France, and H. Solberg, Norway; 
members, D. $. N. Mukherjee, India, 
and E. Herbays, Belgium; immedi¬ 
ate past president, John A. Fleming, 
U. 8.; general secretary, F. J. M. 
Stratton, Great Britain. 

F. J. M. Stsatton 

The National Malaria Sodaty 
will meet conjointly with the Ameri¬ 
can Society of Tropical Medicine 
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and the American Academy of 
Tropical Medicine at the Hotel 
Peabody, Memphis, Tennessee, No¬ 
vember 6-9. The National Malaria 
Soeiety has scheduled three scientific 
sessions, including a joint meeting 
with the American Society of Tropi¬ 
cal Medicine. 

A symposium on dynamic prop¬ 
erties of polymeric materials, spon¬ 
sored by the Institute of Polymer 
Research, will be held November 19 
at the Polytechnic Institute of 
Brooklyn. W. J. Hamburger, H. 
M. Morgan, and M. M. Platt, of 
Fabric Research Laboratories, Bog’ 
ton, will speak on 44 Mechanics of 
Ballistic Performance of Textile Ma¬ 
terials M ; A. V. Tobolsky, of Prince¬ 
ton University, on 4 * Relations Be¬ 
tween Dynamic and Static Properties 
of Polymers M ; G. M. Kavanaugh 
and A. G. H. Diets, of Massachusetts 
Institute of Technology, on 4 4 Ultra¬ 
sonic Determination of Mechanical 
Properties of Synthetic Resin Ad¬ 
hesives M ; and T, W. George, of 
the Naval Research Laboratory, 
Washington, D. C., on 4 4 Dynamic 
Localisation of Plastic Flow. ’ * 

New York University, in coopera¬ 
tion with the Atomic Energy Com¬ 
mission, will hold a three-day con¬ 
ference on industrial and safety 
problems of nuclear technology, 
January 10-12. Speakers include 
Gordon Dean, AEC commissioner, 
W. E. Kelley, manager of the New 
York Operations Office of AEG, G. 
K. Green, chief of the Accelerator 
Project at Brookhaven National 
Laboratory, Serge A. Korff, pro¬ 
fessor of physics at New York Uni¬ 
versity, and G. Failla, professor of 
radiology, Columbia University. 

The 18th International Physio¬ 
logical Congress will be held at 
Copenhagen August 15-18, 1966. 
Preliminary programs and registra¬ 
tion forms will he sent out at the end 
of this year and will be obtainable, 
after January 1, from local societies 
of physiology, biochemistry, end 
pharmacology, or from the bureau 
of tho congress, Zoofysiologlsk Lab- 
oratorium, 32 Juliana Mariesvej, 
Copenhagen O. 

The annual meeting of the Scan- 
dhintrinw Pkionicato sidd Society 


will take place in Copenhagen, Au¬ 
gust 19-20, 1950. Members of phar¬ 
macological societies outside Scandi¬ 
navia will be invited to attend thiB 
meeting. 

Deaths 

Charles F. Briscoe, formerly 
head of the Department of Bacteri¬ 
ology at Mississippi State College, 
died on October 9. Dr. Briscoe was 
well known for his research on tuber¬ 
culosis of farm animals and the re¬ 
sponse of soybeans to artificial in¬ 
oculation. 

Carl E. Seashore, 83, psychologist 
and dean emeritus of the Graduate 
School, University of Iowa, died 
October 16 in Lewiston, Idaho. Dr. 
Seashore, a native of Sweden, de¬ 
vised intelligence tests that were 
used by the U. S. Army during the 
firBt and second world wars. He 
was also known for his experimental 
work in the analysis and develop¬ 
ment of musical sound. 

Raymond B. Wilcox, 60, patholo¬ 
gist at the U. S. Department of 
Agriculture station at Pemberton, 
New Jersey, died October 22 of a 
heart attack. Dr. Wilcox did re¬ 
search in diseases of small fruits and 
virus diseases of plants. 

A National Foundation for Eye 
Research was recently formed in 
Washington, D. C., to encourage pub¬ 
lic support for research aimed at 
discovering the causes of ocular dis¬ 
eases leading to blindness, and de¬ 
veloping more efficacious remedies. 
The activities of the foundation will 
be limited entirely to supporting and 
establishing research centers for oph¬ 
thalmology, leaving other aid to the 
blind to existing agencies. George 
Swartz has been selected as national 
chairman. Allocation of research 
funds will be made upon the advice 
of a scientific advisory board consist- 
ing of V. Everett Kinsey, chairman, 
Francis Heed Adler, Edwin B, Dun- 
phy, Jonas Fiiedenwald, and Alan 
C. Woods. Several more members 
will be added to the board as the 
need for expansion arises. 

The Registry of Rare Chemicals, 
36 West 33rd Street, Chicago 16, has 


submitted the following list of f 
wanted chemicals: usneol, divaricatic 
acid, atr&norin, shikimic acid, obtu- 
satic acid, physodlc acid, 1,2,4* 
trimethyl-8-hydroxyphenazini), berbe- 
riue, 2,6-dimtro-4-hydroxylaminotoI- 
uene, senecioic acid, 2-4-diaminO-6- 
methylpyrimidine, 2,3-dimercaptopro- 
pyl ethyl ether, butyl fluoride, azome- 
th&ne, dec&fluorocyclopentane, carne- 
ginct, 2,3-dimercaptobutane, isobutyl 
peroxide, 4-amino-8-nitroquinoline, 2- * 
methyI-8-hydroxyqyinoline, apigenin, 
apiin, and eanadine. 

Bibliography of Books and Pub¬ 
lished Reporta on Gaa Turbinea , Jet 
Propulsion, and Rocket Power 
Plants, Circular 482, by Ernest F. 
Fiock, has been published by the 
National Bureau of Standards and 
is now available from the Superin¬ 
tendent of Documents, U. S. Govern¬ 
ment Printing Office, Washington 
25, D. C. at 20 cents per copy. 

Make Plans for— 

Gulf and Caribbean Fisheries In¬ 
stitute, second annual meeting, No¬ 
vember 15-18, Robert Richter Hotel, 
Miami Beach, Florida. 

American Institute of Chemical 
Engineers, New York Section, No¬ 
vember 17, Hotel Statler, New York 
City. 

American Society for Pharma¬ 
cology and Experimental Thera¬ 
peutics, flrst interim meeting, No¬ 
vember 17-19, Indiana University 
Medical Center, Indianapolis. 

American Physical Society, 
295th meeting, November 25-26, 
University of Chicago. 

Central Association of Science 
and Mathematics Teachers, Novem¬ 
ber 25-26, Edgewater Beach Hotel, 
Chicago. 

National Council of Geography 
Teachers, 86th annual meeting, No* 
vember 25-20, Hotel Cleveland, 
Cleveland. 

Amerkan Mathematical Society, 
November 25-26, Illinois Institute of 
Technology, Chicago; November 26, 
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W E HAVE HAD TO DISCUSS the na¬ 
ture of and the apparent reason for sci¬ 
entific inquiry because “scientific re¬ 
search” has so often been thought of 
merely as a technique or method of investigation. 
What we know as the scientific method is a means for 
pursuing scientific inquiry. If we do not bear this 
in mind, real progress in scientific research is apt 
to be thwarted. For the implicit equating of scien¬ 
tific inquiry and scientific method to a technique of 
investigation leaves out an all-important considera¬ 
tion : the problem of formulating a problem for scien¬ 
tific investigation. For the formulation of the prob¬ 
lem for investigation must contain within itself the 
possibility of going beyond what is now scientifically 
established if it is to satisfy the definition of scientific 
research. If the formulation of the problem does not 
do this, then succeeding steps in investigation are 
futile. 

Although there is likely to be little argument here, 
some “research” in psychology seems to reflect only 
a lip service to this fundamental tenet. It may be 
appropriate to underscore the point here in the words 
of modern scientists. Whitehead has pointed 1 out 
that “no systematic thought has made progress apart 
from some adequately general working hypothesis, 
adapted to its special topic. Such an hypothesis di¬ 
rects observation, and decides upon the mutual rele¬ 
vance of various types of evidence. In short, it pre¬ 
scribes method” (12, 280) . Einstein and Infold have 
written that “the formulation of a problem is often 
more essential than its solution, which may be merely 
a matter of mathematical or experimental skill. To 
raise new questions, new possibilities, to regard old 
problems from a new angle, requires creative imagina¬ 
tion and makes a real advance in science” (5, 95). 
Oppenheimer indicates that the experimental tech¬ 
niques of science enable us to define and detect our 
“errors of conception”* (9, 22). 

It should be emphasised that if an hypothesis is 
to be regarded as adequate it must be more than a 
statement or description of current data and more 
than a prediction that data will reproduce themselves. 


An hypothesis must be tested both in terms of its 
ability to predict immediate events and its promise 
of leading to further, more adequate hypotheses. 
For in scientific procedure there is a never ending 
process of hypothesizing, a constant flow of one hy¬ 
pothesis from another, with each hypothesis trying to 
go beyond established formulations in its inclusive¬ 
ness. 1 

It is the way in which the investigator poses his 
problem that determines where he will come out— 
what functional activities he will feel have a bearing 
on the problem, which of these he will use as the 
bases for standards in empirical investigation, and 
what methodological procedures he will follow or try 
to devise. In this connection it is relevant to note 
that the popular conception of what makes a scientist 
“great” is that he has solved problems that have long 
baffled others. While this may be true enough, a re¬ 
view of the history of science will show that in general 
the solution of a problem is relatively easy once the 
problem has been posed and that the real scientiflc 
contribution of those scientists we now regard as out¬ 
standing is due to the way in which they have formu¬ 
lated problems which they or others have solved. The 
tremendous advances in the physical sciences since the 
17th century, for example, are due more to improved 
formulations than to changes in methodology. In 
the 17tb century and continuing into the 20th, science 
sought all-inclusive ‘flaws” and felt that reality was 
firmly in hand. But today both all-inclusive laws and 
reality seem more elusive than ever. Contemporary 
physics is seeing its ultimate particle disappear, 
physiology is realizing that it is not dealing with 
the classical closed energy system. The need for a 
basic conceptual reformulation to bring about newer 

Ma a memorandum concerning the conceptualisation of 
novel problems, Horace Fries has called attention to the 
necessity of making a distinction between an increase in our 
understanding and the solution of an immediate problem. 
He points out that “the degree of success in the resolution 
of the difficulty is always relative, l.e„ better or worse rela¬ 
tive to the Interests or desires affected, But the solution of 
a problem brings about an adequate resolution of the diffi¬ 
culty in proportion to the adequacy In which the difficulty 
Is organised into a problem, l.e., the adequacy of the profc 
lwniiatlou of the difficulty*' <«>. 
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and greater understanding is apparent on all sides. 
In hie history of science, Dampier-Whetham has noted 
that “insight, imagination, and perhaps genius, are 
required firstly to pick out the best fundamental con¬ 
cepts” (2, 457). 

Search versus research. Much that now passes for 
scientific research, not only in psychology but in many 
fields, has precious little to do with what may be 
honestly called scientific pursuit. But the surface 
similarity between much current work and real scien¬ 
tific investigation may be sufficient to deceive the in¬ 
vestigator himself. If investigators are not to hood¬ 
wink themselves and each other and pervert scientific 
inquiry for some end that has little if anything to do 
with increasing our understanding of man, it is 
clearly imperative that they be concerned as con¬ 
sciously as possible with research that will bring 
about major reformulations. Otherwise they are 
forced to close their eyes to important problems that 
face them or to devote themselves only to methodologi¬ 
cal problems, rationalizing these activities as research. 

One variety of this perversion is represented in the 
shotgun approach, in which the idea seems to be that 
if one only gathers enough data, possibly with the 
use of new gadgets or apparatus, one must sooner or 
later come out with some sort of scientific result. A 
precedent for this type of activity wag set by Francis 
Bacon who held that “by recording and tabulating 
all possible observations and experiments, the rela¬ 
tions would emerge almost automatical!y” (3, 58). 
And in the three hundred years since Bacon’s time, 
many investigators have proceeded either without any 
clear hypothesis or with what they call “limited hy¬ 
potheses,” often so limited that they cannot possibly 
provide a springboard for further emergence. Much 
of such data today is concerned with correlational 
relationships. The situation is such that to an out¬ 
side observer reviewing the history of modern thought, 
psychology seems to be merely “trying correlation 
after correlation in the hope of stumbling on some¬ 
thing significant” (11, 495). 

Another perversion of scientific method is found 
in the tendency in some areas of psychology to work 
out elaborate classifications, with the implication that 
if the behavior of an individual can only be properly 
pigeonholed in some static system, then further analy¬ 
sis of a functional nature is relatively unimportant for 
understanding. Karl Pearson’s emphasis on classi¬ 
fication as a major pursuit of science undoubtedly did 
a great deal to establish this misconception. One 
needs only to review the literature in the field of 
personality or to watoh many clinicians diagnose psy¬ 
chiatric patients to see how some men in these areas 
are struggling to free themselves from older elaasi- 
fleatory systems. 


Scientific inquiry and scientific method are also nob 
to be confused with investigations limited solely to 
a so-called “quantitative approach.” An overcon¬ 
centration on problems of measurement as such can 
easily sidetrack the investigator from the more im¬ 
portant concentration on what data are significant to 
gather and can blind him completely to the problem 
of ploblemization, with its concurrent problem of 
selecting the standards worth measuring. Further¬ 
more, those who are wedded solely to a quantitative 
approach are all too frequently unwilling to tackle 
problems for which there are no available quantita¬ 
tive techniques, thus limiting themselves to research 
impressive only in the elaborate quantitative treat¬ 
ment of data. Current attempts to refine sampling 
techniques in the field of public opinion research, for 
example, while indispensable, run the danger of mak¬ 
ing investigators myopic to certain areas of inquiry 
that would seem much more important for an under¬ 
standing or prediction of public behavior—for cn- 
ample, the problem of asking the right questions, of 
determining the surety of opinion under different cir¬ 
cumstances, or the effect of different interviewing 
situations on response. The current vogue of factor 
analysis in the study of personality, while most sig¬ 
nificant as a means of testing a theory as Eysenck’s 
report shows (5), frequently reflects insufficient con¬ 
sideration of the relevance or adequacy of the varia¬ 
bles thrown into the hopper for analysis. 

The function of experimentation and measurement. 
In saying that what now passes for research (scien¬ 
tific inquiry instrumented by scientific method) is 
often only scientific pretension, we do not mean to 
imply at all that reasonable problems for scientific 
research can be formulated or operated on without 
including empirical investigation. Experimentation 
is clearly indispensable as a test of formulation. An 
hypothesis can be tested only if one is able to do 
something with it. But it is often forgotten that the 
value of an experiment is directly proportional to 
the degree to which it aids the investigator in formu¬ 
lating better problems. And while a single experi¬ 
ment may solve a problem, it can never give us com¬ 
plete understanding. If an investigator believes that 
by solving a problem he has achieved complete under¬ 
standing it only shows that his problem has been 
defined inadequately and is not a step in the constant, 
never ending scientific search for more and more 
comprehensive formulations. 

The importance of any scientific experiment in 
which relevant variables are manipulated must be in 
terms of the breadth of the formulation it has a bear¬ 
ing on. It should be borne in mind that the first and 
most significant step in experimentation is to deter¬ 
mine if the variation of one abstracted phenomenon 
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affects other abstracted phenomena at all. The next 
most disclosing step is to determine how the variation 
of one abstracted phenomenon affects other abstracted 
phenomena. We confirm or deny the validity of an 
hypothesis by determining if and how the manipula¬ 
tion of one variable affects another variable or the 
total group of phenomena in which we are interested. 
In the process of using the scientific method of rele¬ 
vant variables, the investigator can discover if and 
how variables are affected only with reference to some 
inclusive, higher-order formulation. Otherwise rele¬ 
vant variables could be manipulated forever without 
making any scientific advance at all. It is also im¬ 
perative to beur in mind that how much a- change 
in one variable affects another variable does not give 
us new insight on the “if” and “h<7w” relationship. 
We determine how much one variable affects another 
in order to increase our prediction and control, not 
to increase our range of understanding. 

In the process of experimentation, the investigator 
must be ready to use whatever procedures appear most 
relevant to an understanding of the problem at hand. 
These procedures will be both quantitative and non- 
quantitative. Obviously if we select some phenom¬ 
enon or characteristic as a variable for experimenta¬ 
tion we can do so only because it exists in some 
degree, some amount, some quantity in relation to the 
abstracted standard upon which it is based. In 
scientific research quantitative and nonquantitative 
procedures are interdependent, and highly refined 
quantitative investigation may be necessary before 
one can establish a nonquantitative formulation as, 
for example, the relationship between the Michelson- 
Morley experiment and Einstein’s formulation. Thus 
the establishment of any dichotomy between quantita¬ 
tive and nonquantitative procedure is an artificial 
barrier to scientific progress, separating and taking 
apart what really belong together in scientific method. 
Scientific inquiry will be strapped if the investigator 
feels that he cannot be scientific without being one 
hundred percent quantitative. 

Because scientific methodology is now so often 
equated solely with quantitative procedures, it may be 
useful here to distinguish what seem to us to be the 
function of quantitative procedures in scientific 
method. 

First is the design of controlled experiments or 
other systematic investigations which involve measure¬ 
ment for the specific purpose of checking a hunch, 
validating an hypothesis, or testing a general law in a 
specific concrete situation. As we have already em¬ 
phasized, the verification of this hypothesis is itself to 
be regarded only as a stepping stone to further, more 
inclusive hypotheses. In the fields of psychology and 
the social sciences, this general function usually trans¬ 


lates itself into the purpose of checking some experi¬ 
enced relationships and causalities in an effort to 
intellectualieo and systematize hunches that seeni 
significant. 

A second role played by quantitative measurement 
is the systematic recording of data. But it must be 
emphasized again in this connection that the accumula¬ 
tion of quantitative results is profitable only to the 
extent that some previous intellectual excursions have 
led to an hypothesis which is subjectively held with 
some degree of surety. Recording without an hy¬ 
pothesis in mind, if it is indeed possible at all, has 
no place in scientific method.* 

A third function of quantitative research is to estab¬ 
lish norms for the purpose of studying single cases— 
in psychology, for example, individual or group vari¬ 
ations. As any experimental, clinical, or social psy¬ 
chologist knows, quantitative standards are of the ut¬ 
most importance in predicting how specific individuals 
or groups of individuals will react in specific situa¬ 
tions. But again it must be borne in mind that one 
undertakes measurement for such purposes only after 
the formulation of some hunch which may itself be 
based on nonquantitative evidence. And we must fur¬ 
thermore remember that we can only measure some¬ 
thing relative to an arbitrarily established norm. 

Whereas most investigators would undoubtedly give 
a nod of approval to the thesis that quantitative and 
nonquantitative procedures are interdependent in 
scientific method, much current work in psychology 
and the social sciences indicates that in practice this 
kind of thinking and research-planning is not fol¬ 
lowed, and that;, on the contrary, there is often a con¬ 
scious or unconscious attempt to imitate the physical 

1 Occasionally Charles Darwin’s work has been used as an 
Illustration of the way in which an hypothesis suddenly ap¬ 
pears If one can only accumulate sufficient data. But in the 
famous first paragraph of his introduction to the Origin of 
epccie* (1859), Darwin clearly belies any such contention. 

When on board H.M.S. “Beagle” as naturalist, I was much 
struck with certain facts in the distribution of the organic 
beings inhabiting South America, aud in the geological rela¬ 
tions of the present to the past inhabitants of that continent. 
These facts, as will be seen in the latter chapters of this 
volume, seemed to throw some light on the origin of species 
—that mystery of mysteries, as it has been called by one of 
our greatest philosophers, On my return home, It occurred 
to me, in 1837, that something might perhaps be made out of 
this question by patiently accumulating ana reflecting on all 
sorts of facts which could possibly have any bearing on it. 
After five years’ work 1 allowed myself to speculate on the 
subject and drew up some short notes; these I enlarged In 
1844 into a sketch of the conclusions, which then seemed to 
me probable: from that period to the present day I have 
steadily pursued the same object. I hope that I may be ex¬ 
cused tor entering on these personal details, as I give them 
to show that I have not been hasty in coming to a decision. 

And we find in Darwin’s letter this further statement (4, 
183) : 

In October 1838, that Is, fifteen months after I had begun 
my systematic enquiry, I happened to read for amusement 
Malthua on population, and, being well prepared to appreci¬ 
ate the struggle for existence which everywhere goes on from 
long-continued observation of the habits of animals and 
plants, it at once struck me that under these circumstances 
favorable variations would tend to be preserved, and unfa¬ 
vorable ones to be destroyed. The result of this would be 
the formation of new species. Here then 1 had at last got 
a theory by which to work. 
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scientists, in the false belief that their success has been 
due chiefly to the quantitative techniques they have 
designed. It may therefore be worth a brief historical 
glance at Isaac Newton's procedure to gain some per- 
spective on the role of quantitative experimentation in 
verifying and extending nouquantitative observations. 

Although Newtonian concepts have been superseded, 
the Newtonian method remains essentially unchanged 
and still provides the framework for most of modern 
science. While Newton's aim was to And absolute, 
mathematical “laws of nature,'' his method clearly 
consisted of (1) simplification and isolation of funda¬ 
mental concepts, (2) formulation of relevant hypothe¬ 
ses on the basis of these essentially nouquantitative 
concepts, and (3) intensive quantitative verification 
and amplification of these* hypotheses. Although the 
concepts of mass and the mutual attraction of gravita¬ 
tion are inherent in a falling apple, it is doubtful if 
they would ever emerge from a statistical study of all 
falling objects on the face of the globe. As Newton 
expressed it, “Our purpose is only ... to apply what 
we discover in some simple cases, as principles, by 
which ... we may estimate the effects thereof in 
more involved cases." The inverse of this, the at¬ 
tempt to find the “principles” in the welter of “in¬ 
volved cases,” would have seemed senseless to Newton. 

In developing his methodology, which he nowhere 
explicitly defines, Newton was in effect systematising 
what had become over the centuries the ds facto 
method of the “natural philosophers." Nineteen 
hundred years before Newton, there was sufficient 
evidence for Aristarchus to advance his heliocentric 
concept of the universe. This significant concept 
was, of course, lost until Copernicus,, reading the 
ancients, discovered that some philosophers had 
“thought the earth was moved." “When for this 
reason, therefore, I had conceived its possibility, I 
myself also began to meditate upon the mobility of 
the earth.” The immediate result of this fruitful hy¬ 
pothesis was, of course, a systematic theory which, 
however, still depended for its acceptance on the 
principle of mathematical simplicity. Galileo, sensing 
the importance of experimental verification, provided 
the last historic step by means of his telescope. 

The Newtonian era probably represents one of the 
most significant and fruitful epochs in human thought. 
Relevant to our discussion here, the birth of scientific ' 
inquiry was accompanied by a formulation of concepts 
which have determined and dominated thinking up to 
the present day. Copernicus meditated “upon the 
mobility of the earth." Newton, age 23, “began to 
think of gravity extending to ye orb of the Moon.” 
Kepler gave support to the Copernican system be¬ 
cause “I have attested it as true in my deepest soul," 
and W I contemplate its beauty with incredible and 


ravishing delight.” Harvey “began to think whether 
there might not be a motion [of the blood], as it were, • 
in a circle." Huygens andi others formulated the 
principle of the conservation of what later was temied 
kinetic energy. The list is virtually endless. In 
every area of human thought startling and productive 
con^’ibutions were made. Since there is no reason to 
suppose that the 17th century was especially pro¬ 
pitious for the birth of genius, one wonders if the 
productivity of this period may not be attributed to ^ 
a fortunate blending of unfettered speculation coupled 
with a new awareness of the need for empirical veri¬ 
fication at every step. Remove the speculation and 
only barren measurement remains. 

Operationism. In the past quarter-century the 
basic tenets of 'operationism have so interested all 
science and have become so ingrained in the thinking 
of most scientific investigators that no discussion of 
the role of experimentation in scientific inquiry can be 
complete without a consideration of the place of op¬ 
erationism which is, historically, a “recent formulation 
of some of the essential features of the experimental 
method and of empiricism generally" (7, 250). 

The impetus for operationism came from Bridgman 
in physics with the recognition that concepts such as 
distance have different meanings when used in differ¬ 
ent contexts. The concept is, therefore, a construct 
of the observer and not “a thing in itself." It follows 
that if the variables with which an experimenter deals 
are products of the experimenter's ingenuity and can¬ 
not by specified by pointing to them, then they must 
be specified by pointing to the procedures employed by 
the experimenter in creating his constructs. It is 
only by pointing out the procedures employed in ex¬ 
perimentation that the investigator can convey to 
others the constructs he is dealing with. 

Unfortunately, however, the generality of Bridg 
man's approach has sometimes been lost sight oi 
There is nothing in the general statement of opera- 
tionism which delimits or in any way prescribes the 
defining operation to be used. Bridgman himself has 
asserted that “any method of describing the conditions 
is permissible which leads to a characterization precise 
enough for the purpose in hand, making possible the 
recovery of the conditions to the necessary degree of 
approximation" ( 1 , 246). Those writers who assert 
that defining operations must necessarily be “phyeical- 
istic" are gratuitously adding a restriction not in¬ 
herent in the operational approach. This insistence 
probably trace back to the feeling that physicaliatie 
constructs are somehow more “real" than others and 
has led to a fundamental misconception and perversion 
of the operational approach as originally stated. 

The inhibiting effect of this artifieal restriction has 
probably not been severe in those sciences more closely 
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concerned with the physicaiistie. In psychology, how¬ 
ever, this has tended to exclude the use of psycho¬ 
logical constructs and, as Pratt 1ms stated, “to place a 
stamp of approval on certain limited Helds of research 
in which hypotheses can be neatly formulated in the 
language of the older sciences” (10, 268). We have 
indicated that a study of relationships alone does not 
constitute scientific research. Real research must 
always involve constantly higher-order abstractions. 
In the field of psychology many of these abstractions 
cannot possibly be “pointed to” in any narrow opera¬ 
tional sense and many of them are not easy to manipu¬ 
late experimentally. While a scientific investigator 
must rely upon operational concepts, he must remem¬ 
ber at the same time, as Feigl has said, that “opera- 
tioiiism is not a system of philosophy. It is not a 
technique for the formation of concepts or theories. 
It will not by itself produce scientific results. These 
are brought about by the labor and ingenuity of the 
researchers” ( 7 , 258). 

Selection of standards . A major problem confront¬ 
ing any investigator is the selection or discovery of the 
standards to use in his investigation. The dictionary 
defines a standard as “that which is set up and estab¬ 
lished by authority as a rule for the measures of 
quantity, weight, extent, value, or quality.” 

The problem of selecting standards is much more 
complicated than is often realized, for the reason that 
the conditional relationships we abstract out of a total 
situation and except for which the situation would not 
exist do not themselves exist in their own right. Nor 
is there any adequate intellectual explanation of their 
existence. These conditional relationships or aspects 
of a total phenomenon that the scientist calls “vari¬ 
ables” are not God-given and are not limited. Ein¬ 
stein and Infold point out that “physical concepts are 
free creations of the human mind, and are not, how¬ 
ever it may seem, uniquely determined by the ex¬ 
ternal world” (5, 33). Any adjective or any adverb 
can serve as a potential basis for a variable. Vari¬ 
ables that provide the bases for standards are purely 
the creations of man, enabling him to formulate an 
abstract, common, determined phenomenal world. 
The variables employed in any scientific research are 
based on intuitive judgments and in any concrete in¬ 
vestigation depend upon the way in which the in¬ 
vestigator has formulated his problem* Since prob¬ 
lems are formulated differently in different fields of 
inquiry, the aspect of a phenomenon that we choose 
in one field to serve as the basis for a standard in that 
field will not necessarily be applicable in another field 
of inquiry* Furthermore, the aspect of a phenomenon 
that may serve as a basis for standards within any 
one field will vary according to the nature of the hitch 
in a concrete situation. 


Here words play their familiar tricks even with the 
thinking of the scientist, who may tend to forget that 
in his necessary use of word symbols for his thinking 
and communication (space, time, 2.Q., attitude, etc.) 
he is employing abstractions which he cannot, as a 
scientist, implicitly or unconsciously assume as real 
in investigation. And it is only to the extent that the 
investigator is aware of his own transformation of 
adjectival or adverbial relationships into noun quali¬ 
ties that he maintains the possibility of discovering 
new conditional relationships except for which a phe¬ 
nomenon would not exist. If abstracted characteris¬ 
tics of the situation are unconsciously reified, com¬ 
placency or a defensive attitude results. 

When we decide on a standard, we take some aspect 
of a phenomenon, some variable, as a basis for 
measurement. Since the phenomena with which sci¬ 
ence deals are so enormously varied, the quantitative 
units employed in any investigation will depend on the 
nature of the problem at hand—e.g., distance will be 
measured in angstrom units or in light years. Also, 
obviously, we cannot necessarily quantify one stand¬ 
ard in the same way we do other standards. While 
precise units of measurement may be applicable in 
the physical sciences, in psychology, if we are using 
some aspect of experience os the basis for a stand¬ 
ard, we may have to be satisfied with crude intro¬ 
spective measures such as “more than” or “less than.” 
Whitehead has pointed out that “we must entirely 
separate psychological time, space, external percep¬ 
tion, and bodily feeling from the scientific world of 
molecular interaction. This strange world of science 
dwells apart like the gods of Epicurus, except that it 
has the peculiar property of inducing our minds to 
play upon us the familiar antics of the senses” ( 13 , 
62). 

Since every standard is based on a man-made as¬ 
sumption, and since it is possible for man to use an 
infinite number of abstracted subphenomena as bases 
for standards, the criterion for the selection of what 
shall be used as the basis for a standard is essentially 
its usefulness in determining whether or not the ab¬ 
stracted subphenomenon with which we are dealing 
is constant, verifiable, and potentially helpful in solv¬ 
ing our original problem. Also, of course, the basis 
to be used for our standard must be subject to 
voluntary recall and to intellectual manipulation. 

How do we proceed to select the standards we will 
use in actual empirical investigation? Since we must 
start with the nature of the particular hitch we have 
experienced, abstract generalizations or rules cannot 
be given. The best that can be done is to describe the 
apparent functional process that goes on. 

It seems to be something like this: In the course of 
following on acquired interest in understanding why 
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certain phenomena occur (in physics, biology, psy¬ 
chology, and other sciences) we encounter a difficulty 
which no previous investigator has resolved to our in¬ 
tellectual satisfaction or perhaps has faced as we face 
it now, The assumptive world we have built up from 
experience (which includes the abstracted scientific 
concepts that have a bearing on the problem) proves 
inadequate as we try to intellectualze the hitch we 
have run into. There is no empirical evidence we can 
find that describes all the conditions except for which 
the phenomenon that puzzles us would not exist. 

In trying to intellectualize the inadequacy of our 
assumptive world, we discover that a certain condition 
or set of conditions have not been taken into account. 
We abstract out of the hitch-situation those aspects 
we believe are probably necessary to our understand¬ 
ing of the original hitch. We use these aspects of a 
phenomenon as the bases for our standards, and we 
vary their “amount.” We may have an understand¬ 
ing of why such conditions are important at the time 
we think of them or we may only have a vague hunch 
that they are important and muy intellectualize them 
much later. If we have an immediate understanding, 
we can design our investigation rather precisely. If 
we have only a hunch, a certain amount of trial and 
error in experimentation is necessary. But this trial 
and error takes place within boundaries we set and is 
not to be mistaken for a shotgun approach. In either 
case, we design the empirical test of our new basis for 
a standard with reference to other phenomena that 
have already been established as bases for standards. 
We do this in an attempt to determine whether or not 
the variation in the new basis we have selected for a 
standard affects old standards and is affected by them 
according to our formulation. 

Our formulation may be validated in some circum¬ 
stances if the new aspect of the phenomenon we have 
introduced is affected by other functional aspects. 
Or, under other circumstances, our formulation may 
be confirmed if the new aspect we have introduced is 
not affected by other standards. If our empirical 
test confirms our formulation and we find that we have 
abstracted out an aspect of the phenomenon that is 
the necessary condition for the existence of the total 
phenomenon, then we cun say that we have the basis 
for a new standard and can proceed to think of it 
quantitatively. 

Once an investigator has discovered new aspects of 
a phenomnenon that can serve as the bases for 
standards, it is only too easy for him to slip into the 
misconception that the particular operation on which 
he has settled as suitable to the problem at band ex¬ 
hausts the subject and says all there is to be said 
about it This leads to the reification of the very 
construct which operationism, for example, was de¬ 


vised to avoid. Any science becomes stagnant if it 
does not regard the discovery of now variables as its 
primary concern. 

Wo cannot agTee with those investigators who be¬ 
lieve that the basic variables of all sciences are the 
same if we can only find them. As we have already 
pointed out, in psychology this leads to an artificial 
rcstSction of the problems dealt with, sometimes to 
the extent of eliminating from consideration the most 
pertinent variables. For example, in the attempt to 
study certain perceptual phenomena, emphasis has 
been placed on such easily defined Variables as “far¬ 
ther than” and “bigger than,” where the more psy¬ 
chologically meaningful variable in many eases is 
probably the subjective feeling of “surer than.” If 
our awareness of a change in an external event is 
to be considered at all functional in nature, then the 
subjective sense of surety accompanying tiie percep¬ 
tion must be of primary psychological significance. 
In the case of those perceptions we label attitudes, 
investigation of the surety with which attitudes are 
held under different conditions has lagged far behind 
our interest in measuring the “direction” of the atti¬ 
tude or opinion. 

A note on analysis. The use of the term analysis is 
a poor and misleading way by which to describe the 
processes involved in determining the variables we will 
use in our scientific thinking. For analysis assumes 
the existence of entities existing in their own right 
which together make up a total phenomenon, and sug¬ 
gests that all we have to do is somehow isolate them, 
by analysis, for manipulation. Analysis becomes 
synonymous with the classification of variables in 
terms of abstracted, fixed, and reified standards. 

As we have already indicated, there is an infinity of 
variables that provide the bases for an infinity of 
standards. We have said that all adjectives and ad¬ 
verbs furnish a potential basis for standards. And 
from a study of the history of our language we know 
that emerging situations bring their own new bases 
for standards—e.g., the “snafu” of the G. I, When 
we analyze by using existing standards we make nouns 
out of adjectival or adverbial relationships often with¬ 
out knowing. For analysis is possible only by using 
existing standards. Analysis thus does not add any¬ 
thing to our understanding of the functional activities 
- involved in transactional relationships. Hence analy¬ 
sis is not at all similar to what must be regarded 
as the scientist's constant obligation to discover those 
aspects of a phenomenon except for which it would 
not exist. Likewise synthesis—the putting together 
of that which we have taken apart—is a process by 
means of which we cannot get any more into the syn¬ 
thesis than is included in the standards made use 
of in analysis, 
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The functional activities wc pick out for attempted 
intellectual understanding are' those related to the im¬ 
mediate hitch wc fuce. This means, then, that al¬ 
though an infinite number of conditional relationships 
exist, in any concrete scientific pursuit the range of 
conditional relationships an investigator might pick 


out as important will be limited, and will be bounded 
by the nature of the hitch he has encountered. Scien¬ 
tific progress results from the ability to pick out the 
most relevant conditional relationships for empirical 
investigation, not by further analysis of established 
variables alone. 


(77m is the second of a series of three articles.) 
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Frederick Gardner Cottrell: 1877-1948 

Farrington Daniels 

University of Wisconsin, Madison 


F rederick Gardner cottrell, who 

died at the age of 71, was among those for¬ 
tunate pioneers who Jive to see many of their 
dreams for the betterment of mankind come 
true. As a scientist, engineer, and humanist, he 
loved to explore new fields of applied science, to un¬ 
cover new ideas which his associates might explore 
and test in detail, to encourage experiments, and to 
foster projects of promising industrial and social 
value. 

Specifically, he made several important contribu¬ 
tions which will be long remembered by scientists and 
engineers. Among them is the Cottrell electrostatic 
precipitator, known simply as a “Cottrell,” for the 
precipitation of dust and mist. Also of note are hie 
boiling-point apparatus, the Research Corporation 
which he established, and the chemical applications 
of pebble-bed furnaces. 

He was a vigorous, unselfish, imaginative physical 
chemist and industrial engineer who acted something 
the part of a catalyst in bringing together inventors, 
'<gi|tmOers, scientists, and industrialists to develop new 


processes. In these repeated endeavors, Dr. Cottrell 
had no thought of personal gain or prestige, but was 
intent upon seeing the wheels of progress turn. He 
lived modestly, indeed frugally, and cared little about 
his own comfort. Clothes or traveling accommoda¬ 
tions were less important to him than a visit with a 
productive scientist, or a good book. He read widely 
and was an indefatigable conversationalist. His abid¬ 
ing interest in people revealed itself in his spoken 
thoughts, His approach to a group of related ideas 
or to a new industrial application of science empha¬ 
sized individual scientists even more than the work 
they had done. One idea led rapidly to another and 
in turn to still others, usually by association with 
names and faces that came to his mind. It was this 
intense interest in men, coupled with a keen knowl¬ 
edge of the facts and implications of his field of 
work, that enabled him to accomplish so much. 

The broad scope of his interests brought him into 
early contact with the problem of financing research 
and development work. With income from patents 
on the Cottrell precipitator he set up the Research 
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Corporation, which has since given millions of dollars 
to support scientific research in universities and 
private institutions. In 1948 alone, over $750,000 
was granted by the corporation for this purpose. Dr. 
Cottrell was instrumental also in establishing the cor¬ 
poration's policy of helping to put into production 
commercially important inventions u left on the door¬ 
step” of educational institutions. He worked closely 
with the Wisconsin Alumni Research Foundation and 
was a director of the research foundations established 
at Purdue and Stanford Universities to carry out 
similar services. 

Dr. Cottrell's publications and patents date back to 
1906 and relate to many subjects, including the elec¬ 
trical separation of suspensions, cryogenic separa¬ 
tion of gases, laboratory apparatus, recovery of 
wastes, and pebble-bed furnaces. 

He was the recipient of many honors: the Perkin 
Medal, the Willard Gibhs Medal of the Chicago Sec¬ 
tion of the American Chemical Society, the Medal 
of the Mining and Metallurgical Society, the Wash¬ 
ington Award of the Washington Chemical Society, 
the Holly Medal of the American Society of Mechani¬ 
cal Engineers, and the Medal of the American In¬ 
stitute of Chemists. 

Many different societies claimed him as a member: 
the .National Academy of Sciences, the American 
Philosophical Society, the American Chemical Society, 
the American Institute of Mining and Metallurgical 
Engineers, the American Electrochemical Society, the 
National Institute of Mining Engineers, the Soci6t£ 
de Chiinie Industriellc, Phi Beta Kappa, Sigma Xi, 
and Alpha Chi Sigma. 

Frederick Gardner Cottrell, the son of Henry and 
Cynthia L. (Durfce) Cottrell, was born in Oakland, 
California, on January 10, 1877. He took his bache¬ 
lor's degree in chemistry 19 years later at the Uni¬ 
versity of California, spent the following year as 
Le Conte Fellow at the same university, and taught 
high school in Oakland for three years before depart¬ 
ing for Germany for further study. He obtained his 
Ph.D. at Leipzig in 1902. 

Returning to the University of California, he was 
instructor there from 1902 to 1906 and assistant pro¬ 
fessor from 1906 to 1911. In 1911 he joined the 
United States Bureau of Mines, where he was suc¬ 
cessively chief physical chemist on field duty (1911- 
14), chief chemist (1014-15), chief metallurgist 
(1916-19), assistant director (1919-20), and finally 
director. Half a year later he relinquished his posi¬ 


tion as director of the Bureau of Mines to accept 
the chairmanship of the Division of Chemistry and 
Chemical Technology of the National Research Coun¬ 
cil. Within another year, however, in 1922, he was 
called to head the vigorous and comparatively new 
U. S. Fixed Nitrogen Research Laboratory, where he 
felt he could better direct research programs without 
beirtf restricted so much by administrative detail. 

He was director of the Nitrogen Research Labora¬ 
tory until 1927 and after its reorganization in that 
year remained us chief of the Division of Fertilizer 
and Fixed Nitrogen Investigation q£ the Bureau of 
Soils in the U. S. Department of Agriculture. Leav¬ 
ing this post in 3930, he continued as consultant to 
the bureau until 1940. Previously, he had received 
an LL.D. from the University of California in 1027 
and had served as consultant to the Smithsonian Insti¬ 
tution in 1928-29. 

Perhaps Dr. Cottrell's most exciting period of ac¬ 
tivity occurred between 1935 and 1938, when he was 
president of Research Associates, Inc., an organiza¬ 
tion established to carry inventors' ideas into quick 
development and application. 

In 1939 he persuaded the University of Wisconsin 
to undertake experiments which might lead to the 
fixation of nitrogen on an industrial scale. The prin¬ 
ciple employed involved the application of his pebble- 
bed method to the heating and quick chilling of air. 

During World War II Dr. Cottrell's advice was 
sought on such projects as industrial use of domestic 
manganese resources, magnesium production, the 
manufacture of high temperature ceramics, and many 
others. By frequent trips around the country he kept 
in touch with the many researches in which he wa* 
concerned. Nominally residing in Washington, D. C., 
during much of his later life, he spent his final years 
at Palo Alto, California. 

On November 15th Dr. Cottrell was enjoying the 
company of old friends at the meeting of the National 
Academy of Sciences in Berkeley on the campus of 
the University of California, for which he had gen¬ 
uine affection. Among the technical papers he heard 
was a review of the development of the cyclotron, in 
which he had been particularly interested and which 
had been started years before with the help of a 
grant from the Research Corporation. The next 
morning, on November 16, 1948, his heart stopped 
while he was attending a scientific meeting. This is 
the way he probably would have chosen for the end- 
ing of his vigorous, unselfish life. 
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TECHNICAL PAPERS 


Culture of Fruits in Vitro 

J. P. Nitich 

Kerckboff Laboratories of Biology , 

California Institute of Technology, Pasadena. 

While culture in vitro of plant tissues, isolated roots, 
stems, and seed embryos has become classical, no reports 
have yet been made of culture of fleshy fruits after 
separation of the flower from the plant. 

In order to solve this problem, tomato flowers {Ly copet- 
ricon esculentum Mill.) of the San Jose variety have been 
cut off from the plant, sterilized with calcium hypo¬ 
chlorite, and planted in Erlenmcyer flasks containing 
various media. No growth occurred in a medium con¬ 
taining only mineral salts, sucrose, thiamine, and cysteine. 



Fio. 1. Loft, a tomato blossom planted In nutrient agar* 
Right, the tomato which developed one month later. Part 
of a root Is visible on the right of the fruit. 


The addition of sterile juice (autoclaved 15 min at 15 lb 
pressure) from either green or red tomatoes caused the 
ovaries to develop. A week after planting, the ovaries 
became visible, pushing up the petals and stamens which 
had kept them hidden (Fig. 1). The ovaries then en¬ 
larged regularly, as shown by diameter measurements, 
until about the 25th day after full bloom, when growth 
slowed down. About the 86th day, fruits turned red and 
ripened at the sumo time as the controls left on the plant. 
The growth curve of tomatoes growing in vitro (Fig. 2) is 
in accordance with that given by Judkins (S) for toma¬ 
toes attached to the plant. 

tomatoes raised from the flower in flasks tasted like 


usual tomatoes. They were seedless, which might be due 
either to lack of pollination (the plants were raised in a 
greenhouse where pollination was very poor) or to killing 
of thepoUen tubes by the sterilising chemicals. The site 
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DAYS AFTER FULL BLOOM 

Fig. 2. Growth curve of a tomato grown in vitro. 


of the fruits was small (about 1 in. in diam), but each 
flower had only 40 ml of nutrient at its disposal. In 
some instances, roots developed on the flower stalk; 
such a fact has been reported only rarely in the litera¬ 
ture (J). 

The factors causing the action of tomato juice on root 
development and ovary growth were determined by the 
use of entirely synthetic media. Flowers planted in a 
medium containing mineral salts, sucrose (4%), vitamin 
A (1.5 mg/1), thiamine (1 mg/1), riboflavin (1 mg/1), 
niacin (10 mg/1), and L-tryptophane (10 mg/1) developed 
roots in the dark but no fruits. The same results were 
obtained when tryptophane was replaced by a-naph- 
thaleneacetic acid (25 jig/l). Boot development was 
inhibited in the light On the contrary, using a medium 
containing mineral salts, sucrose (6%), thiamine (1 
mg/1), cysteine (10 mg/1), and ^naphthoxyacetie acid 
(1 mg/1), small tomatoes were obtained which ripened In 
the light without the initiation of any roots. 

These preliminary results show that it is possible to 
raise in vitro fruits from flowers which have been sep¬ 
arated from the plant. Experiments are in progress to 
obtain full-sised fruits and to cultivate other species by 
this technique. 
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Separating Frequency Distributions into 
Two Normal Components 

Arnold Court 

Research and Development branch, 

Oj fee of The Quartermaster General, Washington, D, C. 

Separation of any frequency distribution into two com¬ 
ponent normal distributions may bo effected readily if 
either of two assumptions can be made with validity: (1) 
that the means M 1 and M m of the components are known; 
(2) that the standard deviations of the components are 
equal. 

The only other requirements for the separation are 
knowledge of the total frequency (or area) N of the 
given distribution and its mean M, standard deviation o, 
third moment v», and, for the second case only, fourth 
moment v 4 . The method for such separation, outlined by 
Charlior ( 1 ) more than 40 years ago but little noticed, is 
based on Pearson's (J) general method for finding two 
normal components in any distribution, which assumes 
nothing about them except their existence, and requires 
solution of a complete ninth degree equation involving 
the first five moments of the given distribution. 

Pearson applied his method not only to markedly 
skewed distributions, in which the presence of two com¬ 
ponents is indicated strongly, but to some which are quite 
symmetrical (although not normal), to find components 
with identical means but differing standard deviations. 
His general method applies oven when one of the com¬ 
ponents is negative, i.e., when the given distribution is 
the difference between two normal ones. This method was 
used by Crum (5) and Pollard (3), without reference to 
De Helguero's (3) slight modifications, to Pearson's (7) 
own refinement, or to the simple solutions developed by 
Charlier for two special cases of great practical signifi¬ 
cance. 

Assumed Means. In obviously bimodal distributions, 
and many unimodal ones with pronounced ** humps" or 
* 1 shelves , 9 9 means M x and M 2 for two supposed compo¬ 
nents may be apparent. Their departures from the mean 
M of the given distribution, 

M — My — wij and M% ~ M — tu, 
were used by Charlier (1) to find the variances of the 
two components (notation simplified): 

Uj* = or* - 2m,Wg/3 - (Tn.j a /3 + v«/3m,) 
c/ = o 3 - 2m 1 m*/3 - (m a 73 - v 8 /3m 1 ). 

The total areas or frequencies of each component depend 
only on the assumed means: 

+ m 9 ) N % -Nmy/(my + ro*). 

Finally, from a table of normal frequency curve ordinates, 
<t> (t), the ordinate at any distance (in t units) from the 
mean may be found, since 

3fi = (^i/oi) ^ (t). 

The larger component always corresponds to the Smaller 
departure from the mean, which in turn is if v a is 
positive, w* if negative. Should impossible means be as¬ 


sumed for the two components, 0 / or o s r will be negative,* 
indicating no real solution. 

However, the method of assumed means does not give 
a unique solution: usually trial of several pairs of means 
is required to find one set yielding two components which, 
added together, closely approximate the given distribu¬ 
tion, The beat pair of means generally has maximum 
ordinates agreeing well with the observed values, duo 
regard bejng given to the contribution each component 
makes to the other 'a peak. Such agreement can be made 


to*r ea ?o t* 00 «a. 00 90 lOO (00 no 



as close as desired by assuming values of the maximum 
ordinates y x and y a in addition to the means M L and M* 
Then 

Oi ~ NJ V 2jc yy and cu = KJ V 2 jt y*. 

Example. Charlier's method of assumed means (with¬ 
out assuming values for the maximum ordinates) has been 
applied (Fig. 1) to 3720 hourly temperature readings 
during July at Jacksonville, Florida; significance of the 
two compononts found by this method will be discussed 
elsewhere. In the data, even temperatures are dispropor¬ 
tionately more frequent than odd ones, because observers, 
required to estimate readings to tenths of a degree, tended 
to values ending in 0.0 or 0.5; the latter, by the classic 
rule for disposal of decimals, then were rounded to the 
nearest even degree. If, instead, all 0.5 values were 
rounded to the next higher units, frequency distributions 
would be smoother and means too high by only 0.05*. 

For these Jacksonville data, several pairs of assumed 
means were tried and discarded before two finally were 
found yielding components whose sum (Fig. 1) seezns a 
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reasonable approximation to the original curve. A still 
bettor fit might have boon obtained from means differing 
from the given mean by tenths of a degree, instead of by 
the half*degree intervals fixed upon to simplify compu¬ 
tations. 

Equal standard deviations. Assuming the two pre¬ 
sumed components to have equal standard deviations, in¬ 
stead of assuming values for their means, led Charlier 
( 1 ) to a cubic equation involving the difference between 
the variances of the given distribution and the assumed 
components: 

iff 8 + i (v 4 ~ 3a 4 ) ff + iv# 3 = 0, 

whore 0 = 0 *-a*. The discriminant of this cubic, 
C # =(a l 7210) (13.5aa 4 + 

where a-t^va/o' 1 is the skewness and E=(v4/o?)“3 the 
excess, almost always is positive, indicating only one real 
root: 

» - 0.4082 a 3 (t^T6?425? + y - ^3,0742(l 11 ■ + y), 
where y = V 13,5aa 4 + 

Except for almost symmetrical and vory flat-topped 
distributions, y is positive, so tliat e will bo negative, and 
Oi® < <r*. 

But if - a > a 5 , then a* is negative, and there is no ac¬ 
tual solution, indicating the assumption of equal standard 
deviations to bo unwarranted; for Jacksonville July tem¬ 
peratures, variances assumed to bo equal are -5.07. 

If the assumption is justified, and at is real, the means 
are: 

M x -M- m t - M - (va/6) - V (**')*-« 

M, = M + m, = M - (va/6) + V7 h 

The areas N x and JV 2 of the two components are found 
as before. 

An asymmetrical curve which 1 b the sum of two normal 
curves "affords a good fit both to distributions which 
possess two distinct modes, and to skewed distributions 
with one mode” (£). That components have not been 
found generally for such distributions may be due to ig¬ 
norance of Charlier's facile methods; this ignorance, in 
turn, may stem from Pearson's insistence (0), replying 
to Edgeworth's criticism (J), that his "process is not 
so laborious that it need bo discarded for rough methods 
of approximation based upon dropping the fundamental 
nonic and guessing suitable solutions." 

Of Charlier's methods, the first, that of assumed means, 
is far simpler than the second, which involves the fourth 
moment and a cubic equation. However, Charlier concen¬ 
trated on the second, the "abridged method for dissect¬ 
ing frequency curves," because the cubic equation in¬ 
volved is actually one step in the general solution, "hence 
it is no loss of time to begin with this approximate 
method." 

Charlier declared that the assumption that the stand¬ 
ard deviations of the two components are equal “is of a 
more general character" than the assumed knowledge of 
the means of the two components. * 1 Especially in biology 
it ie a fairly probable supposition that two types found 
together in nature often possess nearly equal standard 
deviations," but "this abridged method is applicable 
only when there are a priori reasons for the assumption 


that the two components have nearly equal standard de¬ 
viations. 91 In many cases no such reasons exist, and then 
it iB safer to assume certain values for the means of the 
components, especially when approximate means may be 
determined by inspection. In the example given, the ap¬ 
proximate values of the means were obvious from the 
graph, and trial of a few pairs of values yielded one which 
gives a good fit, with markedly different standard devia¬ 
tions ; assumption of equal deviations gave no solution. 

Even closer agreement with the original distribution 
can be obtained if values may be assumed foT the maxi¬ 
mum ordinates as well as the means of the two compo¬ 
nents. In effect, this short cut replaces the standard 
deviation and skewness of the original distribution by a 
subjective evaluation which may be more effective for 
some distributions, but is not of as general applicability 
in finding two normal components. 
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Combination of Tissues from Different 
Species in Flask Cultures 1 

Clifford Grobstein and J. S. Youngner 3 
National Cancer Institute, Bet be* da, Maryland 

Combining tissues from different species apparently 
has been performed only infrequently in tissue culture. 
Roffo (J) grew together chicken and rat tissues, both 
normal and neoplastic, without evidence of antagonism. 
In studies of the mode of transmission of the excitation 
involved in cardiac muscle contraction, several investi¬ 
gators (for reference see Leone [J]) combined embryonic 
heart fragments of the chick with similar fragments from 
other avian and mammalian species. The establishment 
of synchrony of beat was reported, and no mention was 
made of any incompatibility reactions. 

Harris (j?), in an attempt to determine whether direct 
incompatibility exists between tissues of different mam¬ 
malian species in culture, paired heart, spleen, and kidney 
fragments from newborn mice and rats in roller tubes. 
Harris found that ". . . rat and mouse tissue cells are 
physiologically compatible in vitro ." In a related study, 
though not involving tissues from different species, 
Medawar (4) recently made combined fluid cultures of 
skin from two adult rabbits, between which skin grafts 
had failed to take, and found no evidence of incom- 

* With the technical assistance of Clara Lee and Edward 
Jr flobatu 

• Present address; Department of Bacteriology, University 
of Pittsburgh Medical School. 
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patibility. The present report confirms these earlier ob¬ 
servations, in that no overt incompatibility has been 


TABLE l 

BUMMAUY 09 MOUBU-RaT TlBSUB COMBINATIONS 


Mouse 
(strain O) 

Rat (strain Marshall 
or Hairless) 

Duration of 
experiment 
(days) 

Total 

number 

cultures 

Kidney. 10-day 

Kidney, embryo, 



embryo 

near term 

0 

2 

11 adult 

" adult 

6 

2 

Spleen, 16-day 

Spleen, embryo, 

6-11 

5 

embryo 

near term 



adult 

Kidney, embryo 




near term 

0 

2 

» ** 

“ adult 

0 

2 

M 14 

Spleen, u 

e 

1 


14 


found in combined cultures of tissues from mouse and 
rat, mouse and guinea pig, and mouse and chicken, even 
when the mouse tissues were derived from animals previ¬ 
ously immunized against the opposite species. 

AU cultures were carried in modified Carrel P-3.5 
flasks, AsepticftUy prepared tissue fragments, 1-2 mm in 
diam, were planted several millimeters apart in a clot of 
0.(5 ml chicken plasma and 0.8 ml of a nutrient fluid con- 


TABLE 2 

Summaetc or Mon SB-0 ox if ba PIG Tissos Combinations 


Mouse 
(strain C) 

Guinea pig 
(family 13)* 

® a 

li¬ 

ef" 

5 Is 

Total 

number 

cultures 

Kidney, 16-day 
embryo 

Kidney, embryo, 
near term 

4 

3 

Spleen, 16-day 
embryo 

Kidney, embryo, 
near term 

4 

1 

Spleen, 16-day 
embryo 

Spleen, embiyo, 

near term 

4 

2 

Spleen, adult 

Spleen, adult 

5 

8 


Kidney, young, 

7-9 days 

11 

5 

“ t 

Kidney, young, 
7-9 days 

11 

0 

14 44 | 

Kidney, young, 

7-9 days 

11 

01 

Lymph node 
adult 

Kidney, young, 

7-9 days 

11 

UI 

Lymph node 
adultf 

Kidney, young, 
7-9 days 

11 

111 

Lymph node 

Kidney, young, 

11 

51 

adult* 

7-9 days 


58 


* Inbrsd Has developed by Dr. Sewell Wright and main¬ 
tained by Pt- Walter Heston at this institute, 
f Honor moose iatmuained with guinea pig serum 
t Donor abuse Immunised with guinea pig kidney* 

I Chick embryo JulCe emitted from nutrient fluid in one 
baU of cultures. 


sisting of 2 parte horse serum,* 2 parts Tyrode '• solution,' 
and 1 part chick embryo juice. After the dot formed, 
1.0 ml of the nutrient fluid was added to each flask. 
Three times weekly the nutrient was drawn off, the cul¬ 
tures were washed with 2.0 ml of Tyrode *s solution, and 
fresh nutrient added. Xu some cases (see Tables 2 and 
3), the chick embryo juice was omitted from the nutrient 
in ox^er to slow the rate of growth. 

Tables 1-3 list the various tissue combinations studied. 
Strains and ages of donors are given in the tables. 
Omitted are the controls which were run in each experi¬ 
ment and which consisted of cultures of paired tissue 
fragments from one species—either iflouse, rat, guinea 
pig, or chicken. 

Early contact of individual cells, as well as the later 
stages of growth, was observed microscopically. At inter- 


TABLE 3 

SUMMABY OF MOUSR-CHICKKN TlSSOS COMBINATIONS 


Mouse 
(strain C) 

Chicken (stock) 

Duration of 
experiment 
(days) 

3 bZ 

H S 8 

Kidney, 16-day 

Heart, young, 

21 

9* 

embryo 

7-9 days 



Kidney, young. 

Heart, young. 

21 

9 

7 days 

7-9 days 



Spleen, 10-doy 

Spleen, young, 

4 

2 

embryo 

7-9 dayB 



Spleen, young, 

Heart, young. 

21 

0* 

7 days 

7-9 days 



Spleen, adult 

Kidney, young, 

4 

3 


7-9 days 



44 41 

Heart, young, 

8 

9 

' 

1 day 



4. 4. t 

Heart, young, 

8 

9 


1 day 






50 


* Chick embryo juice omitted from nutrient fluid In one 
half of cultures. 

t Donor mouse Immunised with chicken serum. 


vale, representative cultures were photographed and, in 
some oases, fixed and stained, using a modification of 
the technique of Earle (1)* 

To determine whether immunization of one species 
against antigens from anothet affects the reactions of 
their tissues when combined in culture, groups of young 
mice (5-7 weeks old) were injected with either guinea 
pig serum (diluted Is 7 with saline), guinea pig kidney 
(brei diluted 1:10), or chicken serum (diluted 1:3). 

41 The immunization course consisted of intraperltoneal in¬ 
jections twice weekly for 3 Weeks. The total amount of 
diluted antigen given Wue 4.5 mb One week after the 
final injection the mice were bled, along with controls, 
and the desired tissue taken for culture. Pooled serum 
samples were tested for antibody content by the “ring” 
precipitin test. Antibody titers of 1? 64 i» the anti¬ 
guinea pig sera, and 1; 640 in the anti-ehickefl serum. 

• Kindly supplied by Dr.WUtonR. Basle. 
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Fig. 1. Four-day combined culture of (A) spleen of mouse 
Immunized with chicken serum, and (B) 1-day-old chick 
heart. Note that outgrowth zones have Joined and that there 
is no evidence of antagonism. Magnified 90 x. 



Fia. 2. Four-day combined culture of (A) lymph node of 
mouse Immunized with guinea pig serum, and <B) 3-day-old 
guinea pig kidney. Intimate contact of normal cells from the 
two species can be observed. Magnified 280 x. 


During the first few days of incubation, extensive cellu¬ 
lar migration occurred from all explants. In cultures of 
tissues from different species, cells at the margins of the 
outgrowth zones came into intimate contact with each 
other (Figs. 1 and 2) as in cultures of tissues from the 
same species. In both types of culture, the cells in th© 
contact zone, as elsewhere, appeared normal. The cells 
were observed to come together in tho contact zone and, 
as migration continued, the margins of the outgrowth 
tones were joined without any sharp demarcation. There 
was no evidence of; 1) abnormal cellular accumulation or 
reaction along the lino of junction between the two ex¬ 
plants, 2) altered rate or direction of growth in the con¬ 
tact area, or 3) specific attraction or antagonism between 
eells of the two species. Once the growth zones joined, 
continued cultivation with or without embryo juice, up 
to a maximum of 21 days, produced no further change, 
apart from progressive growth of the cultures. 

The growth patterns described were identical in the 
case of combinations involving explants from previously 
Immunized animals. Tissues of immunized mice, as com- 
pared with those of nonimmunized mice, showed no dif¬ 
ference in reaction to tissue fragments from the species 
that furnished the antigens. 

The results show that tissues of two different species, 
as widely diverse as mouse and chicken, may be grown 
simultaneously in flask culture without apparent antago¬ 
nism. This is true even when the donor mouse has been 
previously immunized against antigens of the species fur¬ 
nishing the Other tissue of the paired combination, and 
when the mouse tissue is one which in vivo presumably 
is intimately involved in antibody formation, Le,, spleen 
and lymph node. At present, the chief significance of 
these flndings is seen in the possibility that such com¬ 
bined eultures may provide a method for investigations 
requiring maintenance of healthy tissues of two species 
In close physiological relations. 

Further investigation is necessary before these results 
may be interpreted in relation to problems of anybody 
production 4n vitro and of incompatibility in transplanta¬ 


tion in vivo. Interpretation at present is hindered for 
the following reasons: First, no attempt was made to pro¬ 
vide optimum conditions for antibody production, or its 
detection in the culture fluids. Second, the media used 
contained components heterologous for both species, 
thereby complicating immunological interpretations. 
Finally, in the present state of knowledge of cellular 
physiology in culture, it is not safe to transfer directly 
to the organism conclusions based upon observations of 
cellular behavior in vitro . 

♦ 

Utterance* 

t. Faiu.b, W. R. J. nat . Cancer Inst., 1947, 8, 83. 

2. Harris, M. Anat. Reo., 1943, 87, 107. 

8. Leons, V. Arch. itat. Anat. Embrial, 1946, 51, 161. 

4. Mbdawar, P. B. Quart. J . mior. Rci., 1948, 89, 239. 
r>. ItOKKO, A. II. Dot. Inat. cap, Med., 1926, 3, 303. 


Transphosphorylation by Alkaline 
Phosphatase in the Absence of Nucleotides 1 

Otto Meyerhof and Harry Green 

D*partm*nt of Physiological Chemistry, School of 
Medici**, University of Pennsylvania, Philadelphia 

Axelrod (1), using citrus fruit phosphatase, observed 
the transfer of phosphate from nitrophenyl phosphate to 
methanol in the absence of nucleotides. The transferred 
phosphate did not pass through the inorganic stage. Re¬ 
cently, we observed with alkaline intestinal phosphatase a 
strong acceleration of the rate of synthesis of glycero¬ 
phosphate from inorganic phosphate and glycerol, In the 

1 This work was aided by grants from the American Cancer 
Society* recommended by the Committee on Growth; the t>l- 
V Moo of Research Grants and Fellowships of the National 
institutes of Health; and the Rockefeller Foundation. 
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presence of biological compounds with phosphate bonds 
of higher energy than glycerophosphate (if). 

It has since been established that this acceleration is 
achieved in the absence of nucleotides by a direct phos¬ 
phate transfer, that is, without passing through the inter¬ 
mediary Btage of inorganic phosphate. When a mixture 
of P** labeled phosphocreatine, synthesized enzymatically 
(£), unlabeled inorganic phosphate, and glycerol was in¬ 
cubated with intestinal phosphatase at 38° C for 15 and 
30 min, the glycerophosphate in excess of that synthe¬ 
sized in the absence of phosphocreatine (representing 
two-thirds to tliree-fourths of the total glycerophosphate) 
had about the same specific activity as the phoaphocrea- 
tine, while the specific activity of the inorganic phos¬ 
phate was quite low. If the phosphate transfer had 
passed through the intermediary stage of inorganic phos¬ 
phate, then the specific activity of the glycerophosphate 
synthesized could not be higher than that of the in¬ 
organic phosphate. Similar results were obtained with 
radioactive phosphocreatine, fructose, and inorganic phos¬ 
phate: at the end of 15 min of incubation more than half 
of the total fructose-phosphate formed derived its phos¬ 
phorus directly from the phosphocreatine. Other observa¬ 
tions indicate that phosphopyruvate glucose-l-phosphate 
(and similar compounds with relatively high phosphate 
bon’d energy) chu also participate as phosphate donors 
in such a direct phosphate transfer. 

TABLK 1 

Specific Activities of tub Phosphate Species in the 

Phosphorylation of Glycerol ani> Fructose at 38* C 

WITH pHOSPHOCftEATINM LAUHLKD WITH P ,a 



Initial 

molar 

concen¬ 

tration 

% Acceler- s , flc a< . t)v | ty 

ntU ’" ° cpm/'y I- 

synthesis 

A 


0 min 

30 min. 

Phosphocreatine 

0.0252 

1090 

895 

Inorganic P 

0,448 

0 

0.3 

Glycerol 

1.03 

- 

- 

Glycerophosphate 

0.0 

290 0 

000* 

B 


0 min 

15 min 

Phosphocreatine 

0.030 

1828 

1750 

In organic P 

0.444 

0 

13,3 

Fructose 

2.34 

- 

- 

Fructoee-phospha te 

0.0 

375 0 

785* 


* Corrected for the nonlabUe P impurities present In the 
phosphocreatine preparation. 


In Table 1 the specific activities (cpm/y P) of the 
different phosphate species from two such experiments 
are given. The general composition of the enzymatic 
incubation mixture was the same as previously re¬ 
ported (£). 
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Hatching Eggs of Floodwatet Mosquitoes * 
in Media that Promote Plant Growth 1 

William H Horsfall 

Department of Entomology, University of Illinois, Urban* 

Ini natural environment, eggs of floodwater mosquitoes 
are deposited on soil, in debris, or among plants in places 
subject to transient submergence. In such sites they 
remain in a viable state for a year or longer, and usually 
hatch when they are flooded with wate^ at a proper tem¬ 
perature. However, submergence in this manner is not 
a dependable provocation for hatching eggs of these 
mosquitoes in the laboratory, according to numerous ob¬ 
servers. Water in natural habitats must contain stimu¬ 
lants to hatching that are not found in tap water. Sev¬ 
eral observers have noted that durable eggs of the genus 
Aedts may be stimulated to hatch by infusions made 
from plants that grow in the natural oviposit ion sites and 
by cultures of bacteria and yeasts. Abdel-Malek (I) 
found that eggs of Aedes triviltatus Coq. hatched errati¬ 
cally in dilute solutions of chemicals that regulate plant 
growth such as 1-naphthalenoacetic, 3-indoleacctic, and 
3-indolebutyric acids. No one seems to have devised a 
way to get eggs to hatch in consistently high percentages 
in a few hours, as occurs in nature. 

Larvae of floodwater mosquitoes hatch after two phases 
of growth have been completed in the egg. The first is 
an increase in number of cells, which continues until the 
fully formed embryo occupies all of the interior of the 
egg. The second is an increase in size of the embryo, 
until the shell of the egg is ruptured. Between the two 
periods, eggs may be dormant for months. Temperature 
regulates the rate of increase of cells, and the nature of 
the solution surrounding the eggs has much to do with 
initiating escape of the larvae. The final act of hatching 
involves an increase in size of the embryo in a manner 
similar to the elongation phase of growth of plant tissue* 
Media that stimulate one might affect the other similarly. 

Eggs of the floodwater species, Fsorophora discolor 
(Coq.) may hatch at any time after the embryos are fully 
formed. Maturation of the embryo requires about 4 days 
at a temperature between 82 and 26° C. If kept on a 
moist surface at a temperature within this range, larvae 
may hatch whenever the eggs are submerged in a suitable 
medium. Eggs kept on a moist substratum at a tem¬ 
perature of 15-20° C in the laboratory have survived and 
yielded vigorous larvae after at least 9 months. How- 
ever, prolonged exposure of eggs to temperatures as low 
as 13-20° C will prevent any medium from causing hatch¬ 
ing until the eggs are conditioned for several days at a 
temperature favorable for hatching. 

Substances that promote growth of plant tissues vary 
in effectiveness. Thimann (£) states that short sections 
of etiolated oat coleoptiles will elongate slightly in water, 
more in water containing purified growth-promoting sub* 

* Contribution Wo. 290 of the Department of Rntotmotogy* 
University of Illinois, Urbftna. 
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stances, and vastly more when sugar is added to the 
medium. He further states that a suitable medium for 
the purpose of growing plant tissue contains sucrose 1%, 
potassium chloride M/100, and indoleacetic acid 1-5 
mg/1. Caplan and Steward (£) have shown that dilu¬ 
tions of milk from ripe coconuts, and corn lyophilized 


but no data are included for intervals longer than 24 hr. 
All eggs were stored on moist oellncotton for 4-5 months 
at 15-18° C and conditioned for 10 days at 26-27° C 
before submerging them. 

Hatching of conditioned, durable eggs of Psorophora 
discolor was stimulated by substances that effect plant 


TABLE 1 

INFLUENCE OF VARIOUS MEDIA ON THE HATCHING OF LARVAE FROM EOGS OF Psorophora discolor IN THB LaBORATOBT 


Medium 


A Re of Ebbs 

medium treated 


Larvae hatched 


0—4 hr 5-24 hr Total 



days 

no. 

no, 

% 

no. 

% 

no. 

% 

Extract of canned corn . 

0 

120 

03 

77 

5 

4 

98 

82 

Coconut milk (6%) .. 

0 

330 

243 

74 

21 

7 

204 

80 

Glucose, KOI, and Indoleacetic iicid . 

2-7 

180 

187 

7ft 

2 

- 1 

139 

77 

Glucose, KC1, and acetic ocld . 

3^5 

240 

141 

50 

21 

9 

162 

68 

Glucose, and acetic acid . 


180 

107 

00 

11 

5 

118 

06 

Glucose, and ethyl alcohol. 

3 

200 

49 

19 

102 

39 

151 

58 

Sucrose, KC1, and Indoleacetic acid . 

0 

20 

0 

0 

98 

81 

98 

81 

Glucose, KC1, and acetic acid . 

0 

180 

0 

0 

127 

71 

127 

71 

Glucose, KC1, and Indoleacetic acid . 

0 

180 

0 

0 

no 

04 

110 

04 

Glucose, and acetic ncid . 

0 

00 

0 

0 

52 

58 

52 

58 

Glucose, and KOI . 

0 

90 

0 

0 

S3 

6D 

53 

59 

Glucose . 

0 

180 

0 

0 

102 

57 

102 

57 

Indoleacetic acid (5-10 ppm) . 

0 

60 

0 

0 

20 

43 

20 

43 

Indoleproplonlc acid (2-10 ppin) . 

0 

70 

2 

3 

24 

34 

26 

87 

Indolehutyrlc acid (2-10 ppm) ... 

0 

70 

0 

0 

25 

30 

0 

36 

Yeast suspension. 

0 

40 

0 

0 

5 

12 

5 

12 

Indoleacetic ncid (0,1-2.0 ppm) . .. 

0 

200 

1 

-1 

13 

5 

14 

0 

Acetic acid (20-100 ppm) . 

0 

300 

6 

2 

4 

1 

10 

3 

Indoleacetic acid (20 ppm) . 

0 

30 

3 

10 

0 

0 

3 

10 

Tap water ... 

0 

340 

4 

1 

2 

-1 

0 

2 

Potassium chloride. 

0 

30 

0 

0 

0 

0 

0 

0 


while in the milk stage contain factors that stimulate 
growth of carrot explants many times more than purified 
indoleacetic acid alone. The purpose of this paper is to 
show the order of increasing influence of various types of 
media on the hatching of eggs of a common species of 
floodwater mosquito, Psorophora discolor . 

Preparations for observing the effects of various media 
on the rate of hatching of eggs were carried out in the 
following manner. Solutions were prepared by dissolv¬ 
ing the ingredients in tap water without sterilization. 
Some were used as soon as they were prepared, and others 
were aged at 20° C for periods of time shown in Table 1. 
All solutions of glucose and sucrose contained 10,000 
ppm of the sugar. Potassium chloride was used at the 
concentration of 7460 ppm. Indoleacetic aeid, in all solu¬ 
tions containing sugar, was used at a concentration of 
5 ppm; otherwise dilutions were as shown in the table. 
Acetic acid and ethyl alcohol were used in concentrations 
of 100 ppm. The extract of canned com (used in lieu of 
lyophilieed corn) was composed of the turbid filtrate from 
a mixture of 1 part of cream-style corn in 4 parts of 
water. Coconut milk was diluted to 5% of normal. The 
yeast suspension consisted of four pellets of living dried 
yeast dropped into a tube of tap water containing the 
eggs* Eggs were submerged in the media, and records 
were made of the number of larvae hatched after 4 and 
24 hr. Some media caused batching for 48 and 72 hr, 


growth, as is seen in Table 1. Tap water alone had 
hardly any effect on the process when eggs had been 
conditioned only 10 days. Purified substances, when used 
in concentrations of 2-10 ppm, stimulated 36-43% of the 
eggs to hatch within an interval of 24 hr, but they were 
ineffective during the first 4 hr. Similarly, solutions con¬ 
taining glucose, when freshly prepared, caused no hatch¬ 
ing within 4 hr, but within 24 hr 57-71% of the eggs 
were hatched. Diluted fresh coconut milk and a freshly 
prepared extract of commercially canned cream-style corn 
caused hatching of 80-82% of the eggs. The last two 
media caused most hatching within 4 hr. 

Aging of all solutions containing sugar advanced the 
time of batching so that nearly all eggs hatched within 
4 hr after submergence. However, the total number of 
eggs hatched was less in all aged media (with one ex¬ 
ception) than was the case with relatively sterile coconut 
milk and extracts of canned corn. The exception was the 
aged medium containing glucose and indoleacetic acid, 
which caused as high a percentage to hatch as rapidly as 
those containing coconut milk and corn extract. Aged 
media containing ethyl alcohol were inferior to others 
in ability to stimulate hatching. Only 19% of eggs 
treated with media Containing alcohol hatched within 4 
hr, And 58% hatched within 24 hr. 

Media containing sugar were suitable for development 
of certain bacteria and yeasts, and these may have added 
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some stimulus to hatching. Yeast alone in tap wateT 
provides no stimulant for hatching that is very effective 
within 24 hr. The suspension used caused no hatching 
within 4 hr and very little within 24 hr. Therefore yeast 
alone is not likely to have added a stimulant to the aged 
media containing sugar that brought about hatching 
within 4 hr. 

Durable eggs of Psorophora discolor, when submerged 
in media that promote growth in plants after a proper 
period of conditioning, hatch in a manner analogous to 
the elongation reaction of plant tissue. Water alone per¬ 
mits little or no hatching; purified stimulants cause less 
than.half of the eggs to hatch; sugar in the medium may 
favor microorganisms that shorten the interval between 
submergence and hatching and increase percentage of 
hatch; freshly prepared extract of commercially canned 
cream-style corn and dilutions of coconut milk hasten 
hatching and increase the number of larvae hatched. 
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A New Apparatus for Recording of 
Ecologic and Climatic Factors, 

Especially Temperature 

Bill* D«U 

Botanical Laboratories, University of Oslo, Norway 

Tot many purposes it is of interest to know for what 
length of time the temperature has been above a certain 
point, e.g., 0° 0. A recorder that can supply this infor¬ 
mation may be constructed using the following principle. 

If & ray of light of constant intensity illuminates a 
photographic plate, and the plate after a certain period 
Is removed and developed, the degree of darkness will be 
a function of the time during which the plate has been 
Illuminated. If the illuminated spot moves as a function 
of temperature, and such an apparatus is placed under 
varying temperatures, one may, after a certain period, re¬ 
move and develop the plate. By photometry of the pic¬ 
ture thus obtained, one may tell something about which 
temperatures occurred during the time of exposure, and 
the frequency of occurrence of each temperature. 

A paper impregnated with a salt of a radioactive ele¬ 
ment of sufficiently high stability, e.g., a salt of radium, 
supplies a constant source of radiation that affects a 
photographic plate. 

On this principle, Hie apparatus shown in fig. 1 has 
been constructed. 

A peiater (4) is connected with a bimetal atrip (2) 
bend* iWth temperatnre. At tfc*^ 


a metal plate is placed, and through this a slit (5) is cut. 
The slit is 1 cm long and consists of two parts, an outer 
one 0.5 cm long and 0.4 mm wide, and an inner one 0.5 
cm long and 0.2 mm wide. 

The system of bimetal strip and pointer is fastened in 
a mot&l case (1). The pointer moves parallel to the Ud 
of the case (6). 

The^id seen from below is pictured in Fig. 1 c. There 
is a frame (7) with two springs (6). In this frame a 




h* 


r 7 


l 

d 


photographic plate is fastened so that two sides of the , 
plate are pressed towards two sides of the frame. Thus 
the photographic plate is placed in a known position. 

On the under side of the slit, a piece of paper impreg¬ 
nated with radium sulfate is fastened. Only the a- and 
P‘particles going through the slit can reach the photo¬ 
graphic plate. Some of the y-rays going through the 
metal plate will reach the photographic plate, but if a 
fine-grained type of plate i$ employed, the photographic 
effect of the y-rays is negligible in comparison to the 
effect of the a-partides. 

When a photographic plate is placed in the frame, the 
lid fastened to the case, and the apparatus left under 
varying temperature^ different parts of the plate will 
be exposed to radiation nt different temperatures. Each 
time a certain temperature occurs, one definite sector of 
the plate will be exposed, and in the course of time the 
exposures will be soperimpoeed and added. 
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When the plate is removed and developed, and a photo¬ 
metric curve is made across the 1 ‘ spectrum * 9 thus ob¬ 
tained, it is possible to calculate from it which tempera¬ 
tures occurred during the observation period, and the 
part of the-observation period during which the tempera¬ 
ture was higher than a given value. To obtain such 
results certain points must be taken into consideration: 

1. A suitable photographic plate must be chosen. It 
should be fine-grained and should not change its proper¬ 



ties even during long observation periods. The Agfa 
Normal Dispositive Plate serves this purpose. 

2. A suitable balance between the observation period, 
the activity of the radioactive paper, and the sensitivity 
of the plate must be found. For recordings of over one 
year an amount of approximately i y radium sulfate/cm s 
was found suitable* 

8. The relation between the time of exposure and the 
degree of darkening of the photographic plate must be 
found. The relation is very closely linear when a fine¬ 
grained plate is subjected to radiation by a* and (3-par¬ 
ticles even at low int en siti e s. 

4. The sensitivity of the plate as a function of tem¬ 
perature must be found. Anexperimeut gave a sensi¬ 
tivity increase of 8% when the temperature was raised 
98* a This is an error for which correction must be 
asedai' 

5. A standard exposure at definite temperatures most 


be made and photometric curves must be taken in the 
same way as in the original plates, to know which sectors 
of the plate correspond to Which temperatures. 

6. Because the slit has a certain width, the photo 
metric curves give only an approximate representation of 
the relationship between the temperatures and the fre¬ 
quency of occurrence of each temperature interval, an 
error for which a correction must be made. 

As a test, some of the apparatus was left for a certain 
period in the observation hut of the Norwegian Meteoro¬ 
logical Institute at Blindern, Oslo, where continuous 
recordings with thermographs are made. From the ther¬ 
mograph curves the same factors may be calculated as 
from the photometric curves. 

Ouo of the results is given in Fig. 2. The ordinate 
shows number of days with temperatures higher than that 
given on the abscissa. Circles represent values calculated 
from the thermograph curves; crosses, values calculated 
from the photometric curves. The correspondence is good. 

It will bo evident that the same principle, although 
only with approximation, may be employed in all factors 
where the records can be transferred to the movement of 
a pointer, e.g., humidity, barometric pressure, etc. How 
ever, one does not know at which temperatures the ex¬ 
posures were made, and errors due to differences in the 
sensitivity of the plate with temperature cannot be cor 
rected for. This difficulty may be overcome by snaking 
the width of the slit variable. If one side of the slit is 
fastened to a bimetal strip, this may be arranged so that 
the width of the slit decreases at higher temperature to 
compensate for the differences in sensitivity of the plate. 
Thus the same principle may be applied over a wide range 
of ecologic, climatologic, and other types of instruments. 

A more detailed description and discussion is found in 
Pkyriotogia Plantarum, 1949, 2, 272. 

Cup Assay with Vitamin B„ as a Standard 

John C. Foster, John A. Lully, and H. Boyd Woodruff 

Research Laboratories of Merck and Company, Inc*, 
Rahway, New Jersey 

The cup'assay method proposed by Heatley (I) for the 
estimation of penicillin has several advantages over stand¬ 
ard turbidimetric or titrimetric procedures. Chief among 
these is the adaptability of the method to routine han¬ 
dling of large numbers of samples from a variety of 
sources. Evaluation of reproducibility of the method 
and discussion of factors influencing it have been pre¬ 
sented by Heatley (€). The requirements for satisfac¬ 
tory microbiological assay methods have been listed by 
Foster and Woodruff (4). 

Assays for biotin, thiamine, and riboflavin {$, &) by 
the cup assay technique have been described. The fac¬ 
tors crucial for antibiotic eup assays apply equally to the 
determination of growth-promoting factors by the cup 
method. 

The microbiological estimation of LED (L. laeti* 
Denier) type activity by means of LactobaoUlua frwtit. 




508 


SCIENCE 


November 11, 1949, Vol, 110 


or by means of L. leiohmannii , using vitamin B ia ( 10 ) 
as a standard, is influenced by degree of aeration, by 
oxidation-reduction potential, and by accumulation of 
peroxides. These factors are difficult to control in the 
titrimetric assay procedure ( 8 , 0). The cup technique 
lias allowed more rigid control of influential factors, 
with a resulting assay of much greater precision. Also, 
by use of abnormal salt concentrations, it has been pos¬ 
sible to eliminate the diffuse growth response of the test 
culture to desoxyribonucleic acid or to its constituent 
nucleosides. 

The constituents of the medium described for the Merck 
modification ( 3 ) of the Shorb titrimetric estimation of 
LLT1 activity (Table 1) are combined as a dry mix and 
milled in a hammer mill or ball mill, in an area of low 
humidity. This milled ingredient dry mix is incorpo¬ 
rated in the assay medium to give the final composition 
as Bhown in Table 1. 


TABLE 1 


I tom 

Amount 

Milled Ingredient dry mix (See Table 2) 

22.9 g 

Spray-dried HOI-hydrolyzed casein* 

1.0 8 

Adenine, guanine, and uracil solution t 

10.0 ml 

Sodium chloride? 

20.0 g 

Agar 

20.0 g 

Distilled water 

Tol 1 


* Prepared by refluxing Sheffield high nitrogen casein with 
20% HC1 for 20 hr, then passing the hydrolysate through a 
bed of an anion-exchange resin to neutralize the excess acid, 
and Anally spray-drying it. 

t Solution contains 1 mg/ml each of adenine sulfate, 
guanine hydrochloride, and uracil In distilled water, acidu¬ 
lated with just enough HaSOa to maintain the ingredients in 
solution. 

t Added in order to eliminate growth response to desoxy¬ 
ribonucleic acid, thymidine, or reducing substances. 

This assay medium is sterilized by autoclaving 20 min 
at 120° 0, in 1-liter quantities, which may be combined 
to yield sufficient medium for assay of all the samples 
accumulated on a single day. Tho medium, without ad¬ 
justment, is at pH 6.2 after sterilization. 

An alternate medium, which is less expensive for 
routine assays, may be prepared by incorporating 20 g 
L-cystine, 20 g Di**tryptophane, 10 g DL-aspartic acid, 
20 g DL-a*alanino, and 20 g ammonium acetate in tho 
dry mix, in place of the 18 amino acids listed in Table 2. 
For each liter of final medium, 20.1 g of alternate mix 
and 2 g of spray-dried HOl-hydrolyzed casein are re¬ 
quired. Additional supplements are added, as in the pre¬ 
viously described medium. Although growth response is 
adequate from the alternate medium, it is preferable to 
use the complete mix whenever possible, rather than to 
rely on the variable composition of casein preparations 
os a source of essential amino adds. 

Inoculum is prepared by 18-hr ineubation of L. laetti 
Dorner A.T.T.O. No. 10,697* in the assay medium with-. 

1 Kindly supplied by Dr. Shorb, University of Maryland, 
College Park. 


out agar and NaCl, but supplemented with 0.0001 pg of , 
vitamin B u per ml. Five ml of the inoculum culture, 


TABLE 2 

Inohkiuknth fob Dnr Mix fob Cvf Assay* 


20 

« 

Dirlsoleuclne 

1000 

g Dextrose 

20 

e 

DL-aAlanlne 

600 

g Bodium acetate 

20 

e 

^-Cystine 

50 

g Ftimarlc add 

20 

g 

DL-Aspartlc acid 

50 

g Sodium ethyloxalucetate 

20 

g 

DL-NoHeuclne 

20 

g MgSf>4 • TIIjO 

20 

g 

L-Tyrosine 

1 

g NmOI 

20 

g 

DirVallne 

120 

g NaiPO* • 12HaO 

20 

g 

DL-Methionine 

07 

g KaPO* 

20 

g 

DL-Olutamlc' add 

1 

g FeSO* • t IDO 

20 

g 

DL-Threonlne 

1 

g MnS04 * 4IIjO 

20 

8 

DL-Serlnc 

20 

mg ltihoflnvln 

20. 

8 

nb-Phenylftlaniue 

20 

mg Calcium pantothenate 

20 

K 

di,-L eucine 

20 

mg Thiamine HC1 

20 

8 

L-HlBtidlne 

20 

ing Nicotinic add 

40 

8 

Mi-Tryptophane 

40 

mg Pyrldosniuluo 

20 

8 

I.-Arginine 

4 

mg p-Amlnobenzolc acid 

10 

8 

r.-Lysine 

0.04 mg Biotinf 

20 

g 

Amlnoncetic ncld 




* Total mix contains 2280 g, sufficient for 100 1 of assay 
medium. 

t This small amount of biotin may be conveniently In¬ 
corporated in dry form In the mix by mixing 0.4 ml of a 
slock solution of biotin containing 0.1 mg of biotin per ml 
with 5 ml of a water solution containing 1 g of the 20 g 
of i>l a-alnnlue required in the final mix, and evaporating 
to dryness on a water bath. 

which should give a transmission of 25 on an Evelyn 
photoelectroraeter with 520 mp, filter, is transferred to 
each liter of liquefied assay medium, precooled to 52° C. 

Inoculated medium is distributed into flat-bottom Petri 
dishes in 25 ml quantities and allowed to harden, Assay 
cylinders are then placed on the agar surface and the 
dishes Htored at 4° C until needed. Solutions containing 
0.03, 0,05, 0.1, 0.2, 0.4, and 0.6 p,g B ia per ml, m/50 pH 
5.2 NatfHPCVKIIaPO* buffer are prepared for daily deter¬ 
mination of & standard curve. Oheck standard solution 
containing 0.2 ^g B ln is included on assay plates, in ad¬ 
dition to unknowns diluted to approximately this level 
with m/50 buffer. Three assay cups are filled with stand¬ 
ard solution and three alternate cups with unknown solu¬ 
tion in each Petri dish. 

After 18-hr incubation at 87“ C, diameters of growth 
zones are measured and calculations made in the same 
manner used for antibiotic assays. A typical assay yields 
1.8-mm growth zone diameter increase for each twofold 
increase of B, a concentration and approximately 17-mm 
growth zone for the 0.2-^g cheek standard. 

, Standard deviation (60% confidence limit) for the cup 
assay is ±10% as compared with ±21% for the titri¬ 
metric assay, with similar replication and the same assay 
organism/ 

1 One cup assay Is calculated from the average diameter 
of three zones of solution under test and three zones of 
standard solution on n single Petri dish. One titrimetric 
essay Is the averaged value from five assay tubes at different 
concentration gradients, compared with 20 tubes containing 
standard solution at concentration gradients. 
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By the cup technique, L. lactis shows no response to 
thymidine, desoxyribonucleic acid, or 0.5% ascorbic acid. 
Reap onso is obtained with crystalline vitamin B 10 , vitamin 
B lta (7), liver concentrates, and certain microbiological 
fermontation products. The fermentation materials fre¬ 
quently require autoclaving to destroy associated anti¬ 
biotics, or acidification for release of LLD growth-pro¬ 
moting factors from the cells. Insoluble adsorbates, and 
fermentation residues, often yield full activity following 
suspension in water and apportioning the suspension di¬ 
rectly into assay cups, although supernatant liquors from 
such suspensions may contain little growth factor. 

In order to obtain full LLD activity with some ad¬ 
sorbates, such as APF adsorbates, it is necessary to dilute 
suspensions to 0.05 B ia equivalent per ml. For those 
samples, the chock standard solution should also contain 
0.05 jtg B 1# per ml. 

In the cup assay described, quantitative values are 
assigned to the growth response of L. lactis Dorner 
(A.T.T.C. No. 10,097) to unknown preparations on the 
basis of an assumed value of 11x10* activity units per 
mg of vitamin B w . To distinguish from the Shorb LLD 
unit (11-13), the unit of L. lactis Dorner activity as 
determined by the herein-described cup method is desig¬ 
nated as the LLDCC unit of LLD type activity. The cup 
assay shows no LLD response to desoxyribonucleic acid 
or its constituent nucleosides, whereas the Shorb titri- 
metric assay shows LLD activity for these substances. 
Cup and titrimetrie assays show somewhat different re¬ 
sponses to modified substances, such as vitamin B 12a , when 
assayed against a vitamin B a standard. Impure mate¬ 
rials, containing various LLD-active substances, do not 
necessarily yield equal results by both methods. Shorb's 
liver concentrate standard, assigned a value of 1,000 LLD 
units per mg, from which the above-noted LLD activity 
of B u was determined by titrimetrie assay, was found 
experimentally to contain 1,120 units/mg by the cup 
assay with crystalline vitamin B lfi standard. 
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Aureomycin in the Cultivation of 
Endamoeba histolytica 1 

Frances W. Fuller and Ernest Carroll Faust 

Department of Tropical Medicine and Public Health, 
Tulane University , Hew Orleans 

Three attempts have boon made to establish a single 
strain of Endamoeba histolytica in Shaffer-Frye medium 
(5) containing aureomycin in place of other antibiotics* 
Tho aureomycin (Duomycin) was obtained from Lederle 
Laboratories in vials each containing 50 mg of powdered 
aureomycin. This was diluted in a phosphate buffer, 
pH 6.9, and used within 2 hr. Final concentrations of 
aureomycin in the culture tubes ranged from a dilution 
of 1:1,000 to 1:5,000,000. 

In each experiment the inoculum used consisted of 
48-hr cultures of the amebne collected in large numbers 
by centrifuging the buffered saline overlay containing 
rice starch from flasks of coagulated egg base ( B ). 
These flasks were inoculated with amobae from Bala- 
muth’s culture medium ( 1 ), Counts were made on tho 
material inoculated into the aureomycin cultures, and a 
volume of 0.5 ml was inoculated into each tube. Growth 
of the amebae in culture was estimated by examining 
them through the wall of the test tube placed under 
the 10-mm objective of the microscope and recording the 
relative numbers in terms of 0, ±, +, ++, +H, or +-H-K 

In tho first attempt to establish our human strain 
XXII in the aureomycin cultures, five dilutions of aureo¬ 
mycin were used with two tubes for each dilution, and 
four control tubes were set up, two having IQ,000 units 
of streptomycin and 5,000 units of penicillin in 0.5 ml 
of buffered saline, and two having the same amounts of 
streptomycin and penicillin in 0.2 ml of physiological 
saline. The aureomycin dilutions used were 1:1,000, 
1:2,000, 1:10,000, 1:100,000, and 1:1,000,000. Trans- 
fers of the cultures were made at 48- or 72-hr intervals. 

In this first experiment, positive cultures were ob¬ 
tained only in the tubes containing aureomycin diluted 
1:100,000 and 1:1,000,000, and in the controls. The 
two 48-hr tultures of 1:1,000,000 dilution (444-f growth) 
wore pooled and from them tubes containing aureomycin 
diluted 1:33,000, 1:50,000, 1:1,000,000, and 1:2,000,000 
were inoculated. Growth was obtained in all dilutions, 
but it was decidedly better in the 1:1,000,000 and 1:2,- 
000,000 than in the lower dilutions. The two tubes con¬ 
taining the 1:33,333 dilution remained positive only 48 
hr and those containing 1:50,000 remained positive 72- 
90 hr. One tube containing 1: 2,000,000 was positive 
168 hr after inoculation. A third passage was made 72 
hr after the previous transfer and positive cultures in 
dilutions of 1:50,000, 1:100,000 (inoculum 120 hr old), 
1:1,000,000, and 1:2,000,000 were transferred. Only two 
tubes became positive for amebae and they had a ± rating 
48 hr after inoculation* After the third transfer the 

i Supported by a grant-in-aid from the National Institutes 
of Health. Betheada, Md. Thanks are due Dr. Herald Cox. 
Lederle Laboratories, Pearl River, N. V., for furnishing sup* 
plies of aureomycin and Important data on its properties. 
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control tubes also were negative except for one ± tube 
24 hr after inoculation. 

In this first attempt to establish the arnebae in aureo- 
mycin cultures, the tubes containing aureomycin dilu¬ 
tions of 1:1,000 and 1:2,000 were clear but decidedly 
yellow, due to the high concentration of aureomycin. 
The other tubes were moderately turbid and became 
increasingly so with age. After the second transfer all 
tubes were considerably less turbid than before, but 
did not become perfectly clear until after the third 
transfer. When the third passage was made, tubes 
of brain heart infusion and thioglycolate media were 
inoculated with the amebic cultures to test for living 
bacteria. The tubes inoculated from the control cultures 
remained dear (presumably negative for bacterial 
growth) for 96 hr, when they were discarded. The 
tubes inoculated from the aureomycin cultures all be¬ 
came cloudy (positive for bacterial growth), but the 
inocola containing aureomycin dilutions of 1:33,333 and 
1:60,000 showed slower growth of bacteria than did 
those in dilutions of 1:100,000 and higher. 

In a second attempt to establish the arnebae in aureo- 
aiycin cultures, this antibiotic was used in six dilutions: 
1:33,333, 1:100,000, 1:333,333, 1:1,000,000, 1:2,000,000, 
and 1:5,000,000. Four controls with streptomycin and 
penicillin were set up as before. The first passage of the 
arnebae into the aureomycin medium resulted in positive 
cultures in all dilutions, but the 1:33,333 dilution was 
negative after 48 hr. Growth in the 1:100,000 dilution 
was best at 24 hr and decreased steadily thereafter, 
while in all the higher dilutions +-H-+ growth was recorded 
after 48 hr. All tubes were quite turbid in 24 hr, the 
1:6,000,000 dilution having the greatest turbidity. 

In this experiment the arnebae were maintained 
through five serial passages made at 48-hr intervals. In 
one set of tubes, transfer of the arnebae was made into 
tubes eont&ing the same dilution of aureomycin as pre¬ 
viously, while in a second set the positive cultures re¬ 
maining after the third passage were transferred into 
media containing the next highest dilution of aureomycin 
in aeries. In this second set of cultures, four tubes were 
inoculated containing aureomycin in dilutions^f 1:333,- 
333, 1:1,000,000, 1:2,000,000, and 1:5,000,000. The last 
dilution was turbid in 24 hr and did not become positive 
for arnebae, while the other three cultures were positive 
after 24-48 hr but were very poor and showed gas pro¬ 
duction. The four cultures were transferred one more 
time Into the same aureomycin dilutions but only one 
tube showed growth, the 1:2,000,000, which remained ± 
for 72 hr before becoming negative. 

In the series of cultures which were transferred into 
the same dilutions of aureomyein, the arnebae in the dilu¬ 
tion of 1:33,333 did not survive a second passage. The 
arnebae in the 1:100,000 dilution survived four passages 
before dying out, but did not grow quite as well os 
those in the higher dilutions. In the 1:833,338 dilution, 
the arnebae grew quite well at first but died out after 
the fourth passage. Arnebae in the dilution of 1:1,000,- 
000 remained positive through five passages when they 
w$rO discontinued, since growth at that time was very 


poor. After the second passage, the tubes having the 
1:6,000,000 dilution of aureomycin became very turbid, 
and the 1: 2,000,000 dilution increased in turbidity. Gas 
production was evident in the 1: 2,000,000 tubes after 
the third passage, In the 1:1,000,000 and 1:333,333 tubes 
after the fourth passage, and in the 1:100,000 tube 
after the fifth passage. In the control cultures with this 
series^only two of the four survived the third passage, 
one the fourth, and none the fifth. 

A third attempt was made to establish the arnebae in 
aureomycin cultures, starting this time with four dilu¬ 
tions: 1:100.000, 1:500,000, 1:1,000,000, and 1:2,000,000. 
Only two controls were run, using 10,0010 units of strep¬ 
tomycin and 5,000 units of penicillin in 0.5 ml of buffered 
saline. The control tubes were negative for arnebae 
after the third passage, and were discontinued. Six 
serial passages were made with the aureomycin cultures, 
and the only one which survived them all was the 1:1,- 
000,000 dilution, which' became negative 48 hr after the 
last transfer. The growth of the arnebae was poorer is 
the 1:100,000 dilution than in the higher dilutions and 
became negative earlier, surviving only four passages. 
There was little difference in the amount of growth ob¬ 
tained in the other three dilutions; however, the 1:2,000,- 
000 dilution had a tendency to become turbid when kept 
four or five days. Gas production was never eliminated 
from those tubes in which the arnebae grew. 

As in the second experiment, these cultures were trans 
ferred following the first passage to media containing the 
next higher dilution of aureomycin and maintained in 
the decreased aureomycin concentration. Thore was no 
significant difference in the growth or survival of ame 
bae in the dilutions of 1:500,000, 1:1,000,000, and 1:2,- 
000,000; however, when the arnebae in 1:2,000,000 were 
put into n dilution of 1:4,000,000, the medium became 
so turbid that this dilution was not continued. In the 
other three dilutions, the arnebae survived four and five 
serial passages. 

From .the experiments described it seems that there is 
an optimum range of aureomycin concentration for the 
growth of IS. hiitolytioa. Too high a concentration, or a 
dilution of less than 1: 100,000, appears to inhibit ame¬ 
bic growth, either directly or indirectly, although bac¬ 
terial growth may be checked or inhibited. Too great a 
dilution, 1:2,000,000 or more, is insufficient to control 
bacterial growth, and therefore unsatisfactory as a sub¬ 
stitute for penicillin and streptomycin. Within a cer¬ 
tain range, possibly 1:300,000 up to 1:1,000,000, the 
arnebae grew well but there was evidence that bacterial 
growth was not inhibited. On the basis of these experi¬ 
ments, it would appear that the strain of arnebae tested 
grows in the aureomycin cultures as well at, if not 
better than, in the penicillin-streptomycin cultures, al¬ 
though control of bacterial flora was less satisfactory. 
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Comments and 
Communications 

The Structure and Activity Relationships of the 
Choline Group of Drugs Determined 
by Measurements of Phase- 
Boundary Potential 

The interesting paper of Ing (Science, 1949, 109, 264) 
presents datn exposing discrepancies in the proposal made 
by Pfeiffer that muscarinic action is produced by a 
spatial molecular configuration ( Science , 194S, 107, 94). 
Both authors have pointed out pharmacologically impor¬ 
tant features of the structural formulas of cholinergic 
substances but no mention is made of the lipoid solubility 
or electrogenic properties of the compounds described. 

Twenty years ago, the senior author (Boutner, R., J. 
Pharm. exp . Therap., 1927, 31, 305) reported the out¬ 
standing phase-boundary potential of alkaloids and re¬ 
cently the transient potentials (waves) of acetylcholine 
were described (Seventeenth International Congress of 
Physiology, Abstracts of Communications, p. 390, 1947; 
Second International Congress of Electroencephalography, 
Paris, 1949). These investigations of the essential or 
electrical action of cholinergic drugs show that pharma¬ 
codynamics must deal with energy relationships and at¬ 
tempt to discover the mechanism underlying the relation 
of structure to action. Wo have measured the phase¬ 
boundary potentials of choline and acetylcholine and also 
determined the ohmic resistance of the oils shaken with 
choline and acetylcholine. Acetylcholine chloride, at a 
concentration of 0.0027 M, produced 35 mv negativity at 
the interface between saline and guaiacol, reducing the 
resistance from 2,4x10* to 2.7x10® ohms. In the same 
apparatus, 0.0027 M choline chloride produced only 5 mv 
negativity, and reduced the resistance of the oil from 
2.4x10* to 8.0x10* ohms. 

These data throw light on the mechanism of action of 
this type of drug. Acetylcholine is a stronger cholinergic 
drug because it penetrates into the lipoid, and because 
after penetration it ionises in the nonaqueous phase. For 
these reasons there is a higher ion concentration in the 
lipoid at the site of contact with acetylcholine. This in 
turn entails a larger negative potential at the lipoid sur¬ 
face. Such a variation is the essential factor hi nerve 
activity. Changes in these physical properties are pro¬ 
duced by the introduction of acetyl groups in choline, 
as our data show. Ing assigns special significance to the 
size of the ‘ 1 cationic head" of a cholinergic drug and to 
the charge on the N- atom. Without doubting the justi¬ 
fication for these assumptions, we believe that these are 
factors influencing ionization in the lipoid phase and con¬ 
sequently of secondary importance for the pharmacolog¬ 
ical effect. The influence of the exchange of ethyl for 
methyl groups in acetylcholine would likewise exert phar¬ 
macological effect primarily through influence on the 


electrogenic properties of acetylcholine, and this holds 
also for other substitutions. 

We agree with Ing that the term prosthetic applies to 
the acetyl group. In conclusion, it would appear that the 
"cationic head" of Ing, the "prosthetic groups" of 
Pfeiffer, and the "positive charge on the central nitro¬ 
gen" of Taylor (Nature, 1947,150, 86) are nothing more 
than ionization factors in the phase-boundary potentials 
of alkaloids previously described (ef, Beutner 1927). 

T. Cunliffe Barnes and R. Betjtneh 
Department of Pharmacology , 

Hahnemann Medical College and Hospital, Philadelphia 

Geological Applications of Short Range, 
Two-Way Radio Sets 

Recent success with portable, abort range, two-way 
radio sets ("walkie-talkie") in instruction of students 
in field geology suggests many possible applications of 
this or similar devices in educational and professional 
work. 

The short range two-way radio, designed for voice con¬ 
versation, is described in the War Department’s Technical 
Manual No. 11-235, May 14, 1943, pp. 2-4 as a press- 
to-talk, portable, radio telephone, receiving and trans¬ 
mitting on the same frequency. The total weight of the 
set, including batteries, is 5.5 lb. The radio receiver 
is battery-powered; batteries should last about 15 hr 
under almost continuous operation. 

Graduate field courses in geology, conducted as a pan 
of the regular curriculum of class work at Louisiana 
State University, have for some time posed a problem 
in how to instruct these students properly in the field. 
These classes, in many instances, travel long distances 
between individual outcrops or type areas. Geologic and 
geoxnorphic features of considerable importance in stu¬ 
dent training often are present between such localities. 
In order to provide properly trained personnel for each 
car participating in these class trips, the enrollment 
previously has been restricted to a number sufficient to 
fill two cars. The increased graduate enrollment of tbe 
last few years, and the consequent increased demand for 
this type of course, has resulted in classes too large fftr 
proper instruction. 

Recently, the technique of equipping each car with a 
portable, short range, two-way radio set was tried. Six 
cars and 24 students participated. One staff member, 
acting as trip leader, rode in the lead oar; by means of 
the radio telephone he gave directions and instructions, 
and kept up intermittent discussions of various features 
encountered between the individual stops. 

Signals for communication between ears were given by 
white flags or horns. In areas of sufficient interest, sets 
were kept on constantly; otherwise they were shut off 
until flags signaling communication were flown. 

To overcome shielding and absorbing of signals by the 
metals in the car, aerials were extended outside the oars 
at all times during communication, For similar reasons, 
it was necessary to prevent contact of the aerial with the 
metals of the car. 
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The considerable success attained with this technique 
in so large a group allows for similar and related uses in 
Held parties of various kinds. Such applications can be 
applied easily to almost any type of held investigation 
or construction operation utilising more than one man. 

Grover E. Murray 

Louisiana State University, Baton Rouge 

Longevity of the Tropical American 
Toad, Bufo marinas L. 

Though toads are known to live for many years, there 
are few published records detailing the methods under 
which longevity tests have been conducted. In the ex* 
periraent described here the toads were confined in a cage 
8 ft long, 4 ft wide, and 2 ft high, It was covered with 
strong, galvanized scroen of 1/8-in. mesh, attached to a 
heavy framework 'of concrete posts. Iron sheeting, 1 ft 
wide, was imbedded vertically in the ground just inside 
the walls to a depth of G in. This was to prevent any 
possibility of toads' burrowing out. A strong door, pro* 
vided with a padlock, was built in the top of the cage. 

To get toads tor the test, eggs were collected on May 
20, 1933, from a reservoir near Honolulu, where a female 
Bufo , attended by a male, had been observed laying an 
egg string. Borne of the eggs were placed in a pan of 
water and hatched on May 29. The larvae were given 
green algae and boiled rice, on which they thrived. Meta* 
morphosis was completed by June 30 and the toadlets, 
measuring about 0 mm in length, were placed in the cage. 
The ground was kept wet, and the cage was partially 
shaded. A small brick-lined retreat was constructed in 
one corner. Quantities of ants wotc supplied for food at 
frequent intervals. Within a few weeks the toads had 
grown sufficiently to take larger insects, and by October 
I, when they were 3 months old, they were from 2$ to 3 
in. long and able to swallow almost any insect given them. 

The experiment started with 20 toads. By the time 
they were 6 months old, when many of them had reached 
a length of 4 in., the problem of feeding them sufficient 
insects became acute. The population was thinned to 
nine toads, consisting of five females and four males. By 
setting appropriate traps, cockroaches were caught to 
feed the toads. Many hundreds of roaches were placed 
in the cage weekly. A large pan of water was also sup¬ 
plied, but none of the confined toads ever laid any eggs. 

This experiment continued until May 14, 1949, when 
the last toad—a large female—died, after being under 
almost daily observation for 15 years, 10 months, and 13 
days. She had consumed during her lifetime, according 
to our estimate, about 72,000 cockroaches. The other 
eight toads in the test had lived from 8 J to 14 years. 

0. E..Pemberton 

Experiment Station, Hawaiian Sugar 
Planters* Association , Honolulu 

Some Problems in Sensory Pnosyothesis 

There 1* at present a very considerable amount of 
interest in devices by wbieh lost senses ess be replaced 


or at least compensated for. At the Massachusetts Insti¬ 
tute of Technology the authors have been working on a 
method of replacing hearing by tactile stimulation. In 
this method a sound is carried from a microphone to a 
bank of filters. The output of each of these filters, ex¬ 
cept possibly the low frequency stage, is rectified and used 
to modulate a low frequency carrier and the output of 
these carriers as well as of the possibly by-passed low fre- 
quenc^stage, is carried to a number of stimulators, which 
may be properly designed electrodes or may be electro¬ 
magnetic vibrators resting on suitable points of the skin, 
such as the five fingers. This produces a pattern of stim¬ 
ulation which wahave already proved byj experimentation 
to possess a high degree of recognixability iand which we 
hope ultimately to embody in a portable apparatus by 
which wo expect that the totally deaf can participate in 
active speech. 

In designing this apparatus we have first had to con¬ 
vince ourselves by the. theory of the Vocoder that the 
amount of information which could be transmitted by 
this transmitter, on the basis of acoustical speech, was of 
sufficient magnitude to furnish an adequate basis for the 
understanding of words. Wo then worked on the prin¬ 
ciple that in using an inferior sense, such as touch, it was 
necessary to cut the incoming information to that which 
is semantically sufficient so as not to overload the re¬ 
ceptors of the skin and prolong the learning period. In 
doing this we have had to transfer part of the cortical 
function of the ordinary hearing mechanism to an elec¬ 
trical system outside the body. The severe limitation of 
the amount of information which exists when one tries to 
transfer one of the cortical functions to an external ma¬ 
chine should bo a guiding principle in other sensory re¬ 
placements, such as those for the blind. 

It is most important in all such prosthetic apparatus 
that the patient should not separate the problem of active 
communication, such ns speech, from that of passive com¬ 
munication, such as hearing. In the normal individual, 
spoech is maintained at a high level only by the continual 
monitoring of the speaking person in which, at no time, 
is he unable to compare his own speech with that of 
others. This is equally important, or even more im¬ 
portant, in artificial methods of communication such as 
we are devising. The portability of the apparatus is not 
an advantage, but it is a necessity.! Under these con¬ 
ditions, ns we have already demonstrated experimentally, 
the patient immediately begins to improve the quality of 
his speech by comparison and his voice begins to lose itB 
deaf-mute deadness, 

We suggest these principles as a basis for further work 
in sensory replacement. 

J. Wiksner, N. Wiener, and L. Levine 
■Research Laboratory of Blectrgnios 
Massachusetts institute of Technology , Cambridge 

tTfce Importance of feedback In the learning process is 
discussed at length in the book Cybernetics by Norbert 
Wiener, published by John Wiley & Sons. The apparatus 
employed in the course of the research reported above is de¬ 
scribed in the December 10, 1948 Quarterly Progress Report 
of the fitfseerch Laboratory of Electronics, Massachusetts 
Institute of Technology. 
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NEtVS 
and Notes 

Alexander Spoehr, curator of 
oceanic ethnology, has left for a 
year’s anthropological research for 
the Chicago Natural History Museum 
on Saipan and the Marianas* The 
expedition is sponsored by the Na¬ 
tional Research Council, in coopera¬ 
tion with the Navy Department. Dr. 
Spoehr will study the cultural change 
among the natives of the islands and 
conduct excavations in the Mari¬ 
anas to determine how these islands 
were originally peopled. 

Thomas J. Parmley, professor of 
physics at the University of Utah 
and consultant at the Radiation Lab¬ 


oratory of the University of Cali¬ 
fornia, has joined the staff of the 
x-ray laboratory, Atomic and Mo¬ 
lecular Physics Division, National 
Bureau of Standards. Dr. Parmley 
will investigate methods for meas¬ 
urement of the intensity and apodal 
distribution of pulsed x-rays. 

Grant Taylor, assistant dean of 
the Duke University Medical School, 
has been named deputy director of 
the Atomic Bomb Casualty Commis¬ 
sion in Japan. Dr. Taylor, who is 
associate professor of pediatrics and 
bacteriology at Duke, has been 
granted a two-year leave of absence 
for the special assignment. 

Roger S. Warner, who recently 
resigned as director of engineering 
for the Atomic Energy Commission, 
has joined the staff of Arthur D. 
Little, Inc., research and engineer¬ 
ing organization of Cambridge, Mas¬ 
sachusetts. 


Henry C. Meadow, coordinator of 
industrial research at the Univer¬ 
sity of Rochester, has been ap¬ 
pointed cxccutivo secretary to Har¬ 
vard University’s Committee on Re¬ 
search and Development for Medi¬ 
cine and Health. The committee is 
charged with the responsibility of 
coordinating the appeals for support 
of rosea rch and ad van ced train ing 
in all branches of science related to 
medicine and health. 

Thorkild Jacobsen, director of 
the Oriental Institute and dean of 
the Division of Social Sciences at 
the University of Chicago, left for 
Baghdad October 27 with Mrs. 
Jacobsen, to join the University of 
Chieago-University of Pennsylvania 
archaeological expedition in Iraq. 
The group will continue excavating 
begun 50 years ago in the ruins of 
Nippur, 100 miles south of Baghdad. 

Thomas J. Kirwin, assistant di¬ 
rector of the James Buchanan Brady 
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Foundation for Urology, New York 
Hospital, has been appointed profes* 
sor of urology at New York Medical 
College and director of the Depart¬ 
ment of* Urology, Flower and Fifth 
Avenue Hospital and Metropolitan 
Hospital 

Visitors 

H. Heller, professor of pharma¬ 
cology of the University of Bristol, 
and Hans Selye, professor of physi¬ 
ology at the University of Montreal, 
were guest speakers at the University 
of Texas Medical Branch, Galveston, 
November 4 and 8 respectively. Pro¬ 
fessor Heller discussed the influence 
of renal factors on blood pressure, 
and Professor Selye, the alarm reac¬ 
tion. 

Recent visitors at the National 
Bureau of Standards wore: J. J. W. 
den Haan, chief engineer, Philips 
Research Laboratories, Eindhoven, 
Netherlands; Adrien Jaquerod, di¬ 
rector, Swiss Laboratory of Horo¬ 
logies! Research, Neuchhtel, Switzer¬ 
land ; P. W. Kim, director of Tech¬ 
nique and Supply, Kyongsong Spin¬ 
ning Company, Ltd., Seoul, Korea; 
O. H. C. Messner, consulting engi¬ 
neer, Gut Rosenberg, Zurich, Swit¬ 
zerland; Ralph B. Watts, head of 
Science Department, Australian Mis¬ 
sionary College, Cooranbong, N.S.W., 
Australia; P. Alexander, manager, 
Research Department, Wolsey Ltd., 
Leicester, England; A. T. S. Babb, 
senior physical chemist, J. Lyons and 
Company, Ltd., London. 

Grants and Awards 

The 1950 medal of the Industrial 
Research Institute will be pre¬ 
sented next April to Frank B. 
Jewett, former president of the Na¬ 
tional Academy of Sciences and for 
many years vice president of Ameri¬ 
can Telephone and Telegraph Com¬ 
pany. . The medal is presented an¬ 
nually for “ outstanding accomplish¬ 
ment in leadership or management of 
industrial research which contributes 
broadly to the development of in¬ 
dustry or the public welfare* M 

Morten C. Melchior* assistant pfo- 
f essor of bktehemistry at the Striteh 


School of Medicine, Loyola Univer¬ 
sity, Chicago, has been awarded a 
grant-in-aid from the Permanent Sci¬ 
ence Fund of the American Academy 
of Arts and Sciences for the study of 
metal-organic complex compounds. 

The 1949 Nobel prize for medi¬ 
cine was awarded jointl^to a Swiss 
and n Portuguese for their work 
with human and animal brains, the 
physics prize went to a Japanese- 
born professor at Columbia Univer¬ 
sity, and the chemistry prize to a 
Canadian-born professor at the Uni¬ 
versity of California. 

Walter Rudolf Hess, 68, director 
of Zurich University's Physiological 
Institute, and Antonio Caetano de 
Abreu Ereire Egan Monis, 75, pro¬ 
fessor emeritus of neurology in the 
Faculty of Medicine of the Univer¬ 
sity of Lisbon, shared the prize 
money for physiology and medicine. 
Dr. Hess, a specialist in the circula¬ 
tion of the blood and breathing, was 
recognized for his experiments on 
eats and dogs showing how certain 
parts of the brain control the organs 
of the body. Dr. Moniz received the 
award for his development of the 
surgical technique known as pre¬ 
frontal lohotomy, for the treatment 
of schizophrenia and paranoia. 

Bideki Yukawa, 42, visiting pro¬ 
fessor of theoretical physics at Co¬ 
lumbia University since last Sep¬ 
tember, won the physics prize “for 
his prediction of the existence of 
the meson (an elusive mass, heavier 
than the electron, which theoretically 
glues the atomic nucleus together), 
based upon his theory of nuclear 
forces." Dr. Yukawa was only 28 
and a recent graduate at the Univer¬ 
sity of Kyoto when he first predicted 
the existence of the meson. 

William Francis Oiauque, 54, pro¬ 
fessor of thermodynamics at the Uni¬ 
versity of California, received the 
prize in chemistry “for his contri¬ 
bution to chemical thermodynamics, 
especially for his'investigations of 
the properties of substances at ex¬ 
tremely low temperatures . 9 * Through 
Dr. Oiauque f s methods, temperatures 
have been pushed within a few thou¬ 
sandths of a degree Kelvin of abso¬ 
lute zero* 

The Nobel prizes, which have been 
awarded annually since 1901, will be 
presented at a ceremony in Stock¬ 


holm on December 10. The peace' 
prize will go to Lord Boyd Orr, as 
reported In Science October 28. No 
prize in literature will be awarded 
this year. 

The Research Corporation has 
awarded a grant to Martin B. Wil¬ 
liamson, assistant professor of bio¬ 
chemistry at the Stritoh School of 
Medicine, Loyola University, Chi¬ 
cago, for the study of the chemical 
structure of protege. 

Colleges and Universities 

The Saint Louis University De¬ 
partment of Biology has inaug¬ 
urated a program of graduate re¬ 
search leading to advanced degrees 
in Arctic biology. In addition to 
laboratory research, the program will 
include field work in Alaska, under 
the direction of Charles G. Wilber, 
head of the department. A grant 
of $9,000 fTom the U. 8. Air Force 
will assist the program. 

University of Rochester scien 
tists have developed a new motion 
picture camera lens made from arti¬ 
ficial sapphire which has several ad¬ 
vantages over optical glass lenses. 
Its extreme hardnessB makes it almost 
impossible to scratch, and its high 
refractive index, which changes very 
little with the color of the light, im¬ 
proves the sharpness and quality of 
the images produced. 

Meetings and Elections 

At their recent meeting at Woods 
Hole, Massachusetts, the Atlantic 
Fisheries Biologists elected William 
R. Martin and Frank D. McCracken 
of the Fisheries Research Board of 
Canada, 8t. Andrews, New Bruns¬ 
wick, as president and secretary- 
treasurer respectively. 

The American Chemical Society 
will bold its 16th annual chemical 
engineering symposium in Columbus, 
Ohio, December 29 and 30 at the 
Ohio State University. The sym¬ 
posium, which will be tinder the di¬ 
rection of a committee headed by 
E. W. Thiele, of the Standard Oil 
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Company, will deal with every aspect 
of material transfer between a gas 
and liquid phase, or between two 
liquid phases. J. H. Bush ton, of the 
Illinois Institute of Technology, is 
chairman of tho technical program. 

An International Colloquium on 
Adsorption and Heterogenous 
Kinetics, sponsored by the French 
National Center of Scientific Re¬ 
search, was held at the University 
of Lyon, Franco, September 12-17. 
The meeting was organized by Mar- 
col Prcttre, head of the Department 
of Industrial Chemistry of the Uni¬ 
versity of Lyon, and was attended 
by about eighty scientists from vari¬ 
ous countries including the United 
States, Great Britain, Austria, Bel¬ 
gium, Holland, Australia, and 
France. 

Visiting scientists who presented 
papers at the meeting were H. S. 
Taylor (Princeton) and P. H. Em¬ 
mett (Mellon Institute) ; R. M. 
Barror (Aberdeen), 8. R. Craxford 
(British Fuels Research Labora¬ 
tory), B. M. W. Trapnell (Royal In¬ 
stitute), and A. R. Ubbelohde (Bel¬ 
fast) ; J. Juugers and E. Mertens 
(Louvain) ; C. Horbo (Brussels) j II. 
Forestior (Strasbourg); and E. 
Cromer (Innsbruck). French sci¬ 
entists participating included M. 
Prcttre, R. Bernard, C. Courty, M. 
Perrin, Y. Eyraud, J. Sanlaviile, P. 
Besson, 8. Teichner, A. Troesch, P. 
Cornuault, E. Pernoux, and Y. Tram- 
bauze (Lyon) ; N. Bauer, M. Magat, 
M. Haissingky, J. M. Dunoyer, M. 
M&thieu, M. Mering,' J. Longue t- 
Escard, J. Escard, and Miss F. Foui- 
nat (Paris); A. Miohel (Lille); G. 
Valensi (Poitiers); and A. Guille- 
min, J. Vincont-Genod, J* Givaudon, 
E. Nagel stein, and R. Leygonie 
(French Petroleum Institute at 
Paris). In addition to those men¬ 
tioned above, a number of visiting 
scientists from England, Holland, 
Belgium, and France took part in the 
discussions. In this group were 0. 
Kemball, of Cambridge University, 
and the well-known catalytic chemist, 
L. Andrusaow. 

The meeting was opened by ad¬ 
dresses of welcome by Prof. Douin, 
dean of the Faculty of Science at the 
university and by Prof. Prettre. At 
the same time M, Magat, who acted 


as official interpreter, was introduced 
to the colloquium. Prof. Magat, 
with his fluent command of French, 
English, and German and his well- 
founded and broad grasp of mod¬ 
ern physical chemistry, contributed 
greatly to the success of tho confer¬ 
ence by his rapid and accurate trans¬ 
lation of all discussions into French 
and English. 

An interesting program of some 
forty papers that followed "was di¬ 
vided into three main groups dealing 
with (1) the physical and chemical 
adsorption of gases by solids, (2) 
the texture and structure of catalyst 
surfaces as revealed by x-ray, ad¬ 
sorptive, electron microscopic, and 
magnetic techniques, and (3) the 
theoretical and experimental study 
of heterogenous kinetics of gas-solid 
and liquid-solid systems. According 
to present plans all of the contrib¬ 
uted papers, together with the dis¬ 
cussions, are to be published in a 
future issue of one of the French 
journals; accordingly, further de¬ 
tails of the program will not be pre¬ 
sented here. 

Tho warm hospitality of the 
French hosts made the meeting es¬ 
pecially pleasant for the visiting sci¬ 
entists. At the start of the meeting 
they were welcomed by a reception at 
the Hotel de Ville by a representa¬ 
tive of M. Herriot, mayor of Lyon, 
and former prime minister of France. 
Throughout the week a series of 
luncheons and dinners gave all of 
us a chance to praise tho excellent 
cuisine for which Lyon is noted and 
at the some time afforded an oppor¬ 
tunity to discuss informally many 
matters of mutual interest. 

Paul H. Emmett 

An International Colloquium on 
Macromolecules was held Septem¬ 
ber 1-5 in Amsterdam, Holland. The 
meeting, organised by Herman*, 
Koenigsberger, Overbeek, and Stav- 
erman had been very well prepared 
(all participants received a complete 
set of preprints about three weeks 
before its start) and gave an ex¬ 
cellent cross section through recent 
progress in polymer kinetics and in 
the statistical treatment of macro- 
molecules in solution. A number of 
papers on polyeondensation, radical, 
cationic and anionic catalysed addi¬ 


tion polymerizations (by Ghampetier, 
Evans, Magat, and Melville) demon 
strated that the kinetics of the for 
mation of maeromolecnles undeT very 
widely varying conditions is begin 
ning to be understood in a quanta 
tativo way. The trend now seems to 
be to apply the present results to 
arrive also at a quantitative control 
of copolymerixation and to find ways 
and means to synthesize macro 
molecules of still higher molecular 
weights. 

Particular interest was shown in 
several papers, by Eirich, Hermans, 
and Putzeys, on the statistical treat¬ 
ment of coiled macromolecules in 
solution and on the scattering of 
light by them. A Berica of contri 
butions by Katchalsky, Kiinzle, and 
Overbeek was devoted to polyelec- 
trolytoB, with special emphasis on the 
significance of this branch of poly 
mor Bcionoo for the chemistry of pro 
toins. 

The level of all presentations was 
remarkably high; there was plenty 
of time for discuss ion and exeellenl 
use was made of it. On several fun 
damental points there W'as deftnite 
disagreement between tho leading 
contributors, which resulted in ani¬ 
mated discussions and arguments. 
The spirit and the stimulating effect 
of this colloquium were reminiscent 
of High Polymer Week at the Gordon 
Conference in Colby College. A vol¬ 
ume containing all presentations and 
discussion remarks is scheduled to 
appear in about three or four 
months. 

H. Mark 

Conference on the Gene. A con- 
ference for examination of current 
developments and trends in studies 
of the gene was held at Shelter Is¬ 
land from May 30 to June 2 under 
the sponsorship of the National 
Academy of Sciences. The group of 
20 participants included well-estab 
lished geneticists and younger work 
ere in the field. Free and informal 
discussion characterised the meet 
iugs, and provided an atmosphere 
conducive to critical examination of 
various aspects of the gene problem. 
The topics discussed included the 
mechanism of reverse mutation, the 
nature of allelism, the gene-enzyme 
relationship, the evidence for recom 
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bination in bacteria and bacterio- 
phages, the role of the cytoplasm in 
heredity, and the chemical nature of 
chromosomal materials. There was 
general agreement among partici¬ 
pants that these meetings in a quiet 
and congenial atmosphere provided 
opportunities such as are rarely en¬ 
countered in large, formal meetings, 
for critical evaluation and integra¬ 
tion of genetic studies on a variety 
of organisms. In the opinion of the 
participants, the conference exerted 
a directional influence that will be re¬ 
flected in future studies of gone 
structure and function. 

Beewind P. Kaufman 

A symposium in plasma proteins 

was held at the University of Illinois 
College of Medicine September 23- 
24, under the sponsorship of the 
Robert Gould Research Foundation 
of Cincinnati. Eighteen papers were 
presented by investigators engaged 
in research in this field in one after¬ 
noon and two morning sessions. 
Junior associates of the speakers 
were present as guests of the Robert 
Gould Research Foundation. At 
the evening session a motion picture 
was shown by E. Y. McCollum, and 
an address given by Hugues Gounelle 
of Paris, on some of the unexpected 
observations during years of un¬ 
derfeeding in France. 

Although the subject of the sym¬ 
posium was plasma proteins, the con¬ 
sideration of the subject was pur 
posely so broad that the program 
included papers dealing with funda¬ 
mental aspects of protein metabolism 
which might not ordinarily bo con¬ 
sidered as falling within tho impli¬ 
cations of such a title. Tho pro¬ 
gram was built around the principal 
topics of formation, dietary rela¬ 
tionships, fractionation of plasma 
proteins, immunologic relationship, 
relation to tho liver, hypoprotein- 
emia, tracer isotope studies in rela¬ 
tion to the plasma proteins, endo¬ 
crine relationships, and amino acid 
competitors. Sidney C. Madden 
spoke on plasma protein formation 
in disease states and Irving M, Lon¬ 
don on studies of rates of turnover 
of plasma protein in man. Frac¬ 
tionation and some of the interac¬ 
tions of tho plasma protein were pre¬ 
sented by J. U pacltey, and a 


discussion of the binding properties 
of serum proteins for small molecules 
by S. H. Armstrong, Jr. Tracer and 
isotope studies included papers by 
David Shemin on aspects on the bio¬ 
synthesis of amino acid and proteins, 
and by Paul 0. Zamecnik and Ivan 
I), Frantz, Jr. on the ^tse of C 14 - 
labeled amino acid in the study of 
peptide bond synthesis. The effect 
of dietary proteins on synthesis and 
relations between diet protein stores 
and plasma protein were presented 
by Bacon F. Chow and James B. 
Allison. Hypoprotcinemia, particu¬ 
larly in relation to protein starva¬ 
tion in man and its clinical relation¬ 
ships, was discussed by Robert El¬ 
man and experimental studies of 
protein deficiency and temperature in 
relation to the formation of edema 
by M. Hogstod, Studies of the fate 
of intravenously injected plasma al¬ 
bumin were described by Fuller Al¬ 
bright and its metabolism in normal 
' and undernourished individuals by 
Charles S. Davidson. Clinical 
studies of the relation of proteinH to 
nutritional edema were presented by 
Dr. Gounelle. Certain immunologi¬ 
cal aspects of the plasma proteins 
were presented by Paul R. Cannon 
and Michael Iioidelberger, and the 
effect of adrenal cortex on plasma 
protein formation and utilization and 
the physiological properties of amino 
acid antagonists wore given by Abra¬ 
ham White and Karl Dittman respec¬ 
tively. Discussion followed each ses¬ 
sion. The papers will be made avail¬ 
able later as a monograph. 

John B. Youmans 


A thriving scarlet ibis colony 
has been discovered in Venezuela by 
Paul A. Zahl, New York ornitholo¬ 
gist, who, under the sponsorship of 
the National Geographic Society, has 
been searching Venezuela’s inland 
river system for the bird’s breeding 
ground (see Science, Sept. 10, p. 
289). The rookefy lies some 125 
miles west of San Fernando and 
covers an area about half a mile 
long and a quarter-mile wide, on a 
nearly inaccessible flood plain. 
41 From a distance , 19 Dr. Zahl stated, 
"its foliage looks as though it were 
laden densely with blood-red fruit." 
He estimates the number of adult 
scarlet ibis at about 5,000. 


Recently Received— 

List of Publications, U. 5. Forest 
Products Laboratory, January 1- 
June 30, 1949 . Madison 5, Wis¬ 
consin. 

Some Lower Huronian Stromatolites 
ot Northern Michigan. Eugene 
S. Richardson, Jr. Fioldiana—Ge¬ 
ology, Vol, 10, No. 8. Chicago 
Natural History Museum. 

Medical Mission to Poland and Fin¬ 
land, July 1-^.ugust 27, 1948. 
Abridged report, submitted by 
Erwin Kohn. Unitarian Service 
Committee, Inc., 0 Park Street, 
Boston 8. 

Committee on Public Health Rela- 
* fions; A Summary Report of Ac¬ 
tivities for the Year 1948. New 
York Academy of Medicine, 2 E. 
103 Street, New York 29. 

Wissenschait und WeltbiJd. Janu¬ 
ary 1049. (Issued quarterly.) 
Verlag Ilerold, Vienna. 


Second Notice on 
AAAS Meeting 

There are still plenty of New 
York hotel rooms for the week 
of the Association's meeting, 
December 26-31, but early indi- 
cations of a shortage of single 
rooms were justified. Miss Syl¬ 
via T. Peltonoh, Manager, Hous¬ 
ing Bureau, New York Conven¬ 
tion and Visitors Bureau, 500 
Park Avenue, New York 22, who 
is in charge of room assign 
meats, reported that she had 
made reservations for the fol¬ 
lowing number of persons, as of 
November 7: 


Statler 

091 

New Yorker 

120 

McAlpin 

412 

Governor Clinton 

192 

Martinique 

195 

The Martinique is now com¬ 
pletely booked; the Statler has 

no more single rooms. 

Take ad- 


vantage of double rooms and 
make your reservations in par¬ 
ties of two or more if possible. 
If all Penn Zone hotels should 
fill up there are excellent hotels 
nearby, with the same price 
range. 
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Psychology and Scientific Research. III. The 
Transactional View in Psychological Research 

Hadley Cantrii, Adalbert Ames, Jr., Albert H. Hastorf, and William H. Ittelson 

Princeton University, Princeton, New Jersey, 

Hanover Institute, Hanover, New Hampshire, and 
Dartmouth College, Hanover, New Hampshire 


W HEN PSYCHOLOGY EMANCIPATES 
ITSELF from dependence on interac- 
tionism alone by taking a transactional 
view of the phenomena which come 
within its province, we should expect that the division 
of psychologists into schools would rapidly disappear. 
Schook (Gestalt, behaviorism, psychoanalysis, etc.) 
would disappear not because they are “wrong” or 
“have been overthrown” but because the formulations 
of each school that meet empirical tests would be en¬ 
compassed within wider formulations of problems. 
What are some ways to speed this development 1 
First of all, the psychologist must not only realize 
intellectually, but must make a part of his functional 
assumptive world, the idea that man's thought and be¬ 
havior can be understood only as processes of a “full 
situation of organism-environment.” The point has 
been made by H. A. Murray and collaborators in their 
contention that “the main body of psychology started 
its career by putting the wrong foot forward and it 
has been out of step with the march of science much 
of the time. Instead of beginning with studies of the 
whole person adjusting to a natural environment, it 
begun with studies of a segment of a person respond¬ 
ing to a physical stimulus in an unnatural laboratory 
environment” (10, 466). Brunswik, in his “ecological 
analysis,” has pointed out the need to understand the 
complete “representativeness of circumstances” opera¬ 
tive in any situation under observation (2). But 
while an increasing number of psychologists are call¬ 
ing for a revision in traditional psychological pro¬ 
cedure, their voices are still those of men crying in 
the wilderness of the universe which constitutes so 
much of psychological inquiry today. The psycho¬ 
logical investigator, of all people, cannot separate 
the observer from what is being observed, the process 
of knowing from what is known, what is “out there” 
from whatever goes on in the experiencing organism. 
Psychology must disavow completely any “field 
theory” which implies that an environmental field 
acts on a person rather than through a person. 

Because man inevitably builds up for himself an 
Assumptive world in carrying out his purposive ac¬ 
tivities, the world he is related to, the world he sees, 


the world he is operating on, and the world that is 
operating on him is the result of a transactional 
process in which man himself plays an active role. 
Man carries out his activities in the midst of concrete 
events which themselves delimit the significances he 
must deal with. 

In the process man is himself changed in greater 
or lesser degree by having his own assumptive world 
changed through confirmation or denial as a result of 
action. In his immediate activity man abstracts from 
the immediate situation certain determined aspects 
according to his assumptive world. And this, as we 
indicated, includes far more than the immediate oc¬ 
casion : it is a continuum which includes the past and 
the future, a storehouse of both past experience and 
ideals. As Bentley has pointed out, “Behaviors are 
present events converging pasts into futures. They 
cannot be reduced to successions of instants nor to 
successions of locations. They themselves span ex¬ 
tension and duration. The pasts and the futures are 
rather phases of behavior than its control” (1, 485). 
Psychologists must be constantly aware of the effects 
man's own actions have both on his assumptive world 
—confirming or denying certain aspects of it—and 
concurrently on the “environment out there” as it is 
perceived and experienced. 

Another implication of the transactional mode of 
observation is that the psychologist, like any other 
scientific investigator, must be sensitive to the pitfalls 
involved in reifying anything as an entity that has 
been given a proper name—a pitfall that philosophers 
since Plato have inveighed against. Psychologists, 
like other scientists, must become increasingly self- 
conscious of the dangers to their scientific progress 
inherent in catchwords, whose use, as Dewey and 
Bentley point out* “shatters the subject matter into 
fragments in advance of inquiry and thus destroys 
instead of furthering comprehensive observation for 
it” (6, 243). Any uncritical use of traditional ab¬ 
stractions makes it difficult or impossible to see to¬ 
gether what has already been taken apart. 

While academic psychologists have long since given 
up the entity of the eoul, and while most of them, at 
least in their professional writing, refuse to talk of the 
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mind , 1 many other entities have slipped into the pro¬ 
fessional jargon of psychology to make transactional 
observation difficult. We have, for example, need, 
L Q,, schizophrenic, trait, attitude, Oedipus complex, 
and mesomorph . The uncritical use of such words as 
specifications can easily lead to redundancy and double 
talk. 

Psychology runs the risk of retarding its dis¬ 
covery of new bases for psychological standards 
through the use of bases for standards employed suc¬ 
cessfully in the past by the physical sciences. For ex¬ 
ample, psychologists refer to “the size of the retinal 
image/' “visual angles, 1 ” “intensity of opinion,” “field 
forces,” “gradients,” “positive or negative valences,” 
“vectors,” “depth psychology,” and some even search 
for the physical dimensions of consciousness, limiting 
physical dimensions to a handful of constructs. Psy¬ 
chology has by no means emancipated itself yet from 
the standards of the physical sciences and is not 
rapidly enough discovering standards appropriate for 
the phenomena with which it deals. 2 By refusing to 
place firm reliance on standards whose bases arc neces¬ 
sarily subjective, psychology sometimes complacently 
throws out some of the most important problems with 
which it should be concerned. Nouns such as surety, 
anxiety, ego-involvement, expectancy, happiness, 
imply adjectival or adverbial relationships that are 
purely subjective. There are plenty of bases avail¬ 
able for standards if the psychologist dares use them 
as he becomes sensitive to the importance of the prob- • 
lem of selecting bases for standards appropriate for 
the inquiry at hand. 

It has become increasingly clear in recent years in 
the fields of chemistry and biology, for example, that 
standards appropriate to the subject matter of in¬ 
vestigation must be sought and that reliance on the 
standards of classical or modern physics alone will 
hamper investigation. For example, J. G. Hoffman, 
a professor of biophysics, h&B recently noted that 
“the word biophysics ... is a ridiculous combination 
of incongruous extremes. Disciplined scientific 
thought has never taken more diverse forms than it 
has in the fundamental modes of thinking in biology 

*A good example o t a scientist who used the transactional 
method of observation waB G. E. Coghill, who taught himself 
to see every organism In terms of a manifold of three in¬ 
separable constituents—structure, function, and mentation. 4 
the word mentation Coghill used as a substitute for mind, 
to connote the constant organism-environment transaction 
(7.106). 

•It is significant that psychological terms describing ca¬ 
pacities of human beings are occasionally used by natural 
scientists as rough specifications of certain phenomena they 
encounter. For example* mathematical physicists, In de¬ 
scribing the behavior of some of their electronic computing 
machines when they become overloaded, cell them ^neurotic" ; 
While biologist* occasionally speah of the phenomenal “mem¬ 
ory** which the cena of the body exhibit for certain stimuli. 


and in physios” ( 8, 7). In pointing out the limita¬ 
tions of a physical mode of observation for the study* 
of living systems, Hoffman quotes Delbriick’s state¬ 
ment that “instead of aiming at the whole of the phe¬ 
nomena exhibited by the living cell we now expect 
to find natural limits and, thereby, implicitly, new vir¬ 
gin territories, on which laws may hold which are inde¬ 
pendent of those of physics, by virtue of the fact that 
they relate to phenomena whose appearance is con¬ 
ditioned on not making observations of the type^ 
needed for applying atomic physics” (8, 14). 

There is also a tendency in psychology to use catch¬ 
words in labeling the fields of social, clinical, educa¬ 
tional, or industrial as “applied” fields of psychology 
and to separate them from the more traditional “ex¬ 
perimental” psychology. Any such division is absurd 
unless the person who uses it consciously reserves it 
for rough descriptive purposes. Investigators in 
these fields must, of course, also rely on experiments. 
But beyond that, any such distinction acts as a deter¬ 
rent in the search for more adequate formulations 
which will better account for human behavior, whether 
in the laboratory, the clinic, the factory or in every¬ 
day social life. It is especially in fields such as these 
that one encounters hitches in interpretation because 
of the huge number of variables involved in the con¬ 
crete situations that constitute each of the areas of 
inquiry. When such hitches are encountered, the 
investigator does not merely “apply” to their resolu¬ 
tion some theory he has read in a book or learned 
from laboratory experiments. To be sure, he brings 
such knowledge and experience into the process of 
hypothesis formation. But the chances are very high 
indeed that any theory which is not itself based in 
large part upon the understanding of similar full- 
bodied concrete situations will turn out to be ex¬ 
tremely inadequate. 

We can illustrate the way in which psychological 
inquiry has been restricted by the use of terms with 
reference to the field of perception, which has so often 
been a weathervane in psychology. In working on 
perception, psychologists early found that certain 
variations in objective or physiological factors pro¬ 
duced marked subjective variations. This naturally 
led to the idea of correspondence between subjective 
factors on the one hand and objective and physio¬ 
logical factors on the other hand. Since an alteration 
of objective and physiological factors could so easily 
be shown to cause subjective effects and since the con¬ 
verse could not so easily be demonstrated, the assump¬ 
tion was built up that the subjective aspects of percep¬ 
tion had their origin largely in the corresponding 
objective factors and the accompanying physiological 
disturbances they caused. Studies of perception 
have thus concentrated largely on the analysis of ob* 
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jective and physiological factors* And since these 
objective or physiological factors could be varied 
quantitatively, scientific methodology in psychology 
tended to become identified with measurement alone. 

This led to a long neglect of those factors not ame¬ 
nable to precise measurement. These neglected factors 
were, of course, subjective factors described by Buch 
symbols as past experience, loyalties, expectancy, and 
purpose, whether these were operating consciously or 
unconsciously. This methodological dam has recently 
been cracked, largely through research in social and 
clinical psychology, where the effect of subiectivt 
factors on perception are especially obvious. More 
recently, in an attempt to liberate investigators some¬ 
what from correspondence between subjective and ob¬ 
jective or physiological factors, the Hanover Institute 
has designed demonstrations of perceptual phenomena 
which deliberately make use of illusions. By using 
illusions, the investigator gains more freedom to un¬ 
derstand the nature of the functional activities that 
are involved in the scientific inquiry of perception and 
thereby gets a better toehold on the function of per¬ 
ception in man’s purposive behavior. For example, 
it can be demonstrated that the perception of where a 
thing is depends upon the perception of what a thing 
is and on when it is perceived. Carr has pointed out 
that “illusions contrasted with correct perceptions 
are the experimental variants that reveal the common 
principle involved in both” (4, 326). 

On the basis of an interactional view alone, an 
investigator could study the interdependence of vari¬ 
ous aspects of a perception forever and never get at 
the reason for such relationships until he asked him- 
*eif what function such an interrelationship of phe¬ 
nomena served in the transaction of living. When 
he asks himself this question it appears that variables 
such as size and distance are experientially related 
because it is only through their relationship in past 
experiences that high prognostic reliability is built up. 
Prognostic reliability becomes itself, then, a new di¬ 
mension of experience, a new basis for a standard the 
psychologist can use for experimentation. And if 
the investigator continues, as he must, to ask the next 
question concerning the function of prognostic reli¬ 
ability in a life transaction, the apparent answer is 
that prognostic reliability of a perception increases 
effective action. So the effectiveness of action be¬ 
comes another variable that can be used as a basis 
for a standard in experimentation. And there must 
follow, of course, the question: Effective action for 
whatt We then see that we cannot understand even 
the simplest perception without bringing in the vari¬ 
able of purpose. 

The transactional mode of observation seems, then, 
to be peculiarly appropriate for psychologists if they 


are going to seek what Collingwood has called more 
abstract, more universal “logical grounds” for the 
understanding of subordinate abstractions or phe¬ 
nomena (5). Obviously, if we do not understand 
the logical ground that causes relevant, variables to be 
relevant, then our scientific methods will be Sterile 
indeed. Hence progress in psychology is to be 
measured largely in terms of the discovery of logical 
grounds which increase our understanding because of 
their intrinsic reasonableness and the possiblity they 
hold out of verification by experimental methods. 
Many of the abstractions Freud created are a case in 
point. 

The transactional view has a third implication for 
psychology which concerns the method of experimen¬ 
tation that must be involved in real research. Differ¬ 
ent subjects for scientific inquiry pose different kinds 
of problems that can only be solved by adapting or 
creating methods appropriate to them. In saying 
that any one scientific discipline has special circum¬ 
stances of its own which determine the techniques to 
be used, we are not in any way denying the indifl- 
pcnsability of the universal characteristic of scientific 
method : the controlled experiment. All we are saying 
is that we must increase our self-consciousness and 
our ingenuity concerning the use and meaning of 
controlled and not claim that we are undertaking con¬ 
trolled scientific investigation when our assumptive 
world artificially limits the number of potential con¬ 
trols we are aware of. 

One difficulty in the use of experimental techniques 
in psychology and the social sciences is that of ap¬ 
proximating in a controlled experiment any concrete 
situation in which thought and behavior normally 
occur. Although this has been pointed out many 
times, and although the difficulty is easily recognizable, 
psychologists must be particularly on their guard to 
see that, in the experimental situations they devise, 
they have not left out so many of the subjective vari¬ 
ables involved in normal experience that their experi¬ 
mental results will have little subsumptive power, 

A second and much less frequently realized diffi¬ 
culty is that in dealing with the human organism we 
are dealing with a particular variety of “World 
stuff" which perceives complicated significances. 
Unless we make a special effort to understand the par¬ 
ticular significance a particular organism at a par¬ 
ticular time and place attaches to all the stimuli 
involved in our investigations, we shall again have 
abstracted out of the situation perhaps the most 
important variables for study. In psychology it is 
imperative that the investigator be as aware as possible 
of the unconscious assumptions brought by his sub¬ 
ject to any experimental situation. Otherwise he will 
not have the slightest idea of what aspects of the 
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phenomenon under investigation are most important, 
this awareness of assumptions is as important for 
the psychologist to have in mind in understanding 
the perception of a chair as it is in understanding 
social perceptions. 

Still another difficulty facing the psychologist is 
the Comparative lack of any agreed-upon bases for 
standards by means of which experimental situations 
can be described and repeated and results can be in¬ 
terpreted. The search for appropriate bases for 
standards is obviously one which requires great cau¬ 
tion and wisdom in an area such as psychology be¬ 
cause of the number of unknown variables apt to be 
involved in any standards set. Much careful research 
is still needed to discover what variables should be 
used as the bases for standards to provide the most 
useful analysis of man’s experience. 

Value Judgments and “OBjBrcTivrrr” 

A great deal of discussion has taken place in recent 
years concerning the possibility or the desirability of 
complete “objectivity” in science. The publication of 
Karl Pearson’s Grammar of science in 1892, (11) 
with its contention that an understanding of scien¬ 
tific method can train “the mind to an exact and im¬ 
partial analysis of facts” and can free the individual 
from bias in the formation of judgments gave a 
great boost to the myth that real scientific inquiry 
somehow goes on in a world devoid of personal judg¬ 
ments. The contrasting point of view has been ex¬ 
pressed by Whitehead (12, 228 f.): 

Judgments of worth are no part of the texture of physi- 
cal science, but they are part of the motive of its produc¬ 
tion. Mankind have raised the edifice of science, because 
they have judged it worth while. In other words, the 
motives involve innumerable judgments of value. Again, 
there has been conscious selection of the parts of the 
scientific fields to be cultivated, and this conscious selec¬ 
tion involves judgments of value. These values may be 
aesthetic, or moral, or utilitarian, namely, judgments as 
to the beauty of the structure, or as to the duty of ex¬ 
ploring the truth, or as to utility in the satisfaction of 
physical wants. But whatever the motive, without judg¬ 
ments of value there would have been no*science. 

It is becoming increasingly clear that the process 
of mentation involved in scientific inquiry is not a 
simple one of bringing “impartial analysis” to bear 
on a set of conditions. The scientists own value* 
judgments are involved in (1) sensing the inade¬ 
quacy of his conceptual structure—posing a problem 
for himself; (2) sensing the functional activities or 
subphenomena which may be involved in the phe¬ 
nomenon that has caused the . original hitch; (3) de¬ 
ciding on which aspects of a phenomenon (variables) 
can fruitfully be used as bases for Standards ia experi¬ 
mentation; and (4) designing an experimestal pro¬ 


cedure to test the validity of these bases for stand¬ 
ards. Scientific research thus involves an elaborate^ 
process of weighing and integrating which may take 
place largely on an unoosssoious levol. 

In this process, all of the unconscious assumptions, 
all of the awarenesses, and all of the conceptual ab¬ 
stractions of the individual investigator’s assumptive 
world are operative. Whether any scientist likes to 
admit it or not, any interpretation he makes must be 
regarded as a value judgment. To be sure, rational 
thought and the conscious intellectual manipulation 
of abstracted variables can, often! do, and obviously 
should, play a most important role in the process of 
scientific inquiry. But to assume that rational thought 
and conscious manipulation alone are the determinants 
of the judgments involved in scientific research is to 
go against the overwhelming evidence already ob¬ 
tained from scientific reseawh Itself. The dictionary 
definition of the word objective, in the sense it is used 
in discussions concerning the objectivity of science, is: 
“Emphasizing or expressing the nature of reality as 
it is apart from self-consciousness; treating events 
or phenomena as external rather than as affected by 
one’s reflections or feelings,” For example, our 
knowledge of perception, showing that “the nature of 
reality” as we experience it would not exist except for 
the assumptive world we bring to a concrete situation, 
flatly contradicts the contention that the scientist can 
be objective in any such sense. 

The objectivity of science can therefore only refer 
to the use of accepted rules of empirical research 
after* the problem, the variables, and the experimental 
design have, been decided upon. Here the scientific 
investigator takes every precaution he can to see that 
he does not misinterpret what he observes by allow¬ 
ing any subjective bias to enter into the actual con¬ 
duct of the experiment itself. 

Not only is objectivity illusory in the sense of 
eliminating personal bias: it is also undesirable. We 
cannot improve cm* the conclusion reached by Herrick 
(7, 180 f.) after a lifetime of productive research 
in neurology: 

Tho bias which arises from unrecognized personal atti¬ 
tudes, interests, and preconceptions is the most treacher¬ 
ous of all the subversive enemies of sound scientific prog¬ 
ress ; yet these attitudes and interests are the key factors 
in all really original scientific investigation. This issue 
must be faced frankly and courageously. The easy way 
out is to ignore the troublesome personal ingredients of 
the problem and say that science has no concern with 
them, This is now generally regarded as the standard 
or normal scientific method. But actually this eannot be 
done, and We cannot afford to try to do it j for the in¬ 
terests gad the attitudes of the inquirer shape the whole 
course of the investigation, without which it is meaning¬ 
less and fruitless. To neglect these components oftsi- 
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entific work end the satisfactions of a successful out* 
come is to sterilize not only the process but also the re¬ 
sults of the inquiry. The vital germ of untr&mmeled 
imaginative thinking Is thrown into the discard, and too 
often we seem quite content with the dead husk which is 
so easily weighed, measured, classified, and then stowed 
away in the warehouse. 

In the social sciences, Robert Lynd has made the 
same point in his plea for “outrageous hypotheses" 

w. 

The myth that “science is objective" may tend to be 
fostered in most cultures today in an attempt to pre¬ 
serve whatever status quo exists by giving it scientific 
blessing. But any scientist will resent boundaries 
placed on his thinking by social, economic, political, 
religious, or any other ideological barriers and taboos. 
This danger is especially prevalent in the field of in¬ 
quiry labeled “social psychology" and in the social 
sciences, where the data gathered have been largely 
determined and preconditioned by the purposes and 
conditions within which the investigator has worked. 

Psychologists and social scientists who honestly 
try to bring their most mature value judgments to 
bear on concrete social problems are all too fre¬ 
quently labeled as biased, crackpot reformers if they 
even implicitly criticize existing social relationships. 
Yet it is because scientific inquiry is shot through with 
value judgments that no scientist oan avoid some re¬ 
sponsibility for the judgments he makes. And be¬ 
cause value judgments play so important a role in 
scientific thinking, ways and ipeans must be discovered 
of making value judgments themselves the subject 
matter for scientific inquiry (£). Value judgments 
concern the significance of the constant emergents 
which are not subject to explanation in determined 
and verifiable terms. Here the scientist has a free¬ 
dom of choice; here conscience, the “sense of ought- 
ness," must be recognized as the highest standard for 
effective action. When the subject matter with which 
the scientist deals consists of human beings trying to 
act effectively to carry out their purposes, then the 
social responsibility of anyone who pretends to be an 
expert obviously becomes very great indeed. 

Ac oelebating Research in Psychology 

Our recurring theme has been that any truly scien¬ 
tific investigation involves much more than the use 
of an accepted methodology of experimentation. We 
have tried to show why the progress men hope for in 
their understanding of themselves can come about 
only to the extent that those who are professionally 
concerned with such an understanding become increas¬ 
ingly sensitive to the problem of problemization. 

But readers already sympathetic with our empha- 
wa nmy W reininded of the dramatic eritie who, after 


pointing out the second-rate quality of then current 
productions, ended his comments with the statement 
that what we need are better plays. Are there any 
concrete suggestions which might speed up the search 
for more and more adequate formulations psycholo¬ 
gists would seek to verify experimentally t A few 
have occurred to us. 

We have pointed out that scientific inquiry, like 
any inquiry, begins when we meet a hitch, when we 
sense the limitations of or doubt the adequacy and 
reliability of our assumptive worlds as we try to act 
effectively. From this it follows that every attempt 
must be made to increase an investigator's conscious¬ 
ness of the range of hitches that must be faced and 
that arc inherent in attempts to resolve problems. 
We must get across the notion that hitches are not 
obstacles to he avoided but, on the other hand, chal¬ 
lenges which alone make productive research possible. 
No one can be “trained" to do research merely by 
having a set of rules spelled out for him. A good 
investigator, like a good clinician, a good advertising 
man, or a good labor leader, will be produced only 
when there is a real desire and ability to use ingenuity 
in meeting the hitches that occur in carrying out 
purposive action. 

It has long been apparent that no one person 
today can be thoroughly competent, knowledgeable, 
and experienced in the diversified areas of inquiry 
that impinge on and are necessary for a proper un¬ 
derstanding of man. More than mere cross-fertiliza¬ 
tion or broadened specialization is needed. Can ways 
and means be found to make it possible to bring to¬ 
gether investigators who agree on the probable com¬ 
mon significance of the hitches they face and on the 
probable order of importance of the hitches that must 
be resolved for improved understanding t Perhaps 
informal organizations are required which will make 
it possible for men of diverse experience to work and 
commune together as the occasion demands, on com¬ 
mon problems and on the same level without reliance 
on one another's authority and unrestricted by limita¬ 
tions of time or any goal other than the search for 
more adequate concepts. Psychologists mod social 
scientists will have to work out organizational and 
communicating techniques so their search for the 
more adequate conceptualizations people expect of 
them will not be hampered by formalities or ad¬ 
ministrative duties. 

All investigators are caught in and influenced by a 
traditional mode of thinking and teaching cluttered 
up with catchwords, with an emphasis on the interac¬ 
tion of variables, with an overconcentration on meth¬ 
odology for its own sake. Tn academic circles the 
tendency all is to feel that the student—and 

the pwfessor~4iave essentially “covered” the prob- 
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lem of formulation if various systems and theories of 
psychology have been reviewed. The psychologists 
relative lack of concern with the problem of more 
adequately formulating emerging problems is often 
reflected in what seems to be bis extreme self-con¬ 
sciousness in respect to the short history of his dis¬ 
cipline. 

We are not in the least denying, of course, that 
rigorous methodological standards must be insisted 
upon or that the history of the subject should be re¬ 
viewed. But we do feel that progress in psychology 

(This is the third of a 


can be brought about more rapidly only if methodo* 
logical procedures are considered in relation to con¬ 
crete problems and if the history of psychologies! 
investigations can be viewed from the perspective of 
problems that now seem significant, rather than 
vice versa. Whitehead has nicely stated both points 
in his dicta that “the main evidence a methodology 
is w?rn out comes when progress within it no longer 
deals with main issues” (13, 13) and that “a science 
which hesitates to forget its own history is lost” (12, 
162 ). 

I 

tries of three articles.) 
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The 112th Annual Meeting of the British Association 
for the Advancement of Science 

Maurice Goldsmith 

Natural Sciences Department, Unesco , Paris, France 


T HE 112TH ANNUAL MEETING of the 
British Association for the Advancement of 
Science was held in the heavily industrialized 
northern England town of Newcastle-upon- 
Tyne, in the first week in September. Some 3,500 
persons—scientists and science-minded citizens—were 
present. 

This area has a great technological tradition, for— 
as Pierre Auger, head of Unesco's Natural Sciences 
Department, pointed out in an official address—“It 
was in this ancient city of Newcastle that the world- 
famous engineer George Stephenson, a century and 
a quarter ago, established the iron works where were 
built, the first steam engines that went puffing into 
history between Stockton and Darlington, and Man¬ 
chester and Liverpool—and began a new and splendid 
phase in industrial development*” 

The theme for this meeting was set by Sir John 
Russell, who devoted his presidential address to a 
review of the itorid!s food and population problems. 


He pointed out that the present population of the 
world—2,300,000,000—was increasing by 20 millions a 
year. That meant an average addition of two every 
three seconds, day and night, year after year, and 
these two might become more os science advanced, 
social services improved, and international organiza¬ 
tions became fully operative. 

About II billion acres of the world are climatically 
suited to crop growth, he said; but of this area, only 
3 to 4 billion acres are used—7 to 10 percent of the 
world's land surface—for both food and industrial 
crops. There is no need, however, for gloom. Sci¬ 
ence is continuously opening up new possibilities- 
For example, thyroxin, or iodated protein, fed to 
cows by month, can increase the fat content of milk 
and augment the yield by another 20 percent Even 
more dramatic is the use of a synthetic estrogen (tine 
female sex hormone) introduced under the skin, for 
inducing lactation in virgin heifers or barren cows. 
This is the first stage in making %e mote redundant 
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Experiments with rabbits, Sir John pointed out, 
have shown that at some time in the near future a 
single pedigreed cow might produce 75,000 calves 
without undergoing the pangs of birth. The calves 
would come from “living incubators”—inferior cows 
in which an ovum had been transplanted from the 
pedigreed animal and then fertilized by artificial in¬ 
semination. In this process, again, a bull might be¬ 
come all but obsolete. 

Among other research results which have an im¬ 
mediate practical application, Sir John RubbgII men¬ 
tioned : 

The use of auxins. A spray of P-naphthoxyaeetic 
acid, 40 parts per million of water, has been used 
by commercial growers of tomatoes nnd cucumbers to 
produce fruits normal in appearance but not yet in 
quality. They are seedless. 

The work of It. Brown } of Leeds, and A. R. Todd , of 
Cambridge, on chemical stimulants and pests. They 
hove found that the seeds of witch weed (Striga), a 
flowering plant that parasitizes sorghums and millets 
and is the cause of much loss in Africa and India, 
germinates only when stimulated by substances ex¬ 
creted from their roots. This substance is apparently 
a sugar. If the different varieties of sorghum should 
differ in their ability to prepare and excrete this 
stimulant, a chemical test might be devised that would 
greatly assist, plant breeders searching for resistant 
h trains. It is possible that other parasitic fungi could 
live only on varieties of plants capable of producing 
the necessary stimulant. , * 

The fact that various soil organisms are known to 
produce antibiotic substances analogous to penicillin. 
For example, Thaysen and others have found in trop¬ 
ical soils bacteria with high powers of inhibiting the 
growth of fungi. In the absence of a good soil fungi¬ 
cide it is possible that soil-borne fungal diseases may 
be successfully controlled by introducing or encourag¬ 
ing organisms producing the appropriate antibiotic. 

The subject of “Food and People” was discussed 
at a public meeting held under the chairmanship of 
Sir John Russell. Pierre Auger contrasted the eager¬ 
ness with which Great Britain accepted the railway 
as a means of increasing the wealth and resources of 
mankind with the current doubt as to whether science 
should be regarded as a friend or the enemy of man¬ 
kind. If man wishes, he can use science and tech¬ 
nology to rid himself of illness and disease, and to 
remove the burden of unproductive and uneconomic 
toil. He gave details of the major experiment in mass 
enlightenment begun by Unesco, in an attempt to 
organize in many countries active discussion of this 
topic, with the object of focusing the attentions of 
the peoples of the world on this urgent problem. 
Unesco hopes to ahow not only the necessity for inter¬ 


national cooperation in solving the problem, but also 
that such collaboration is already taking place at all 
levels among the existing international organizations. 

Lord Horder said that he believed man could achieve 
such physical, chemical, and biological control of the 
earth as to enable him not only to adjust population 
to food, but also food to population. He warned, 
however, that food would not be produced, even with 
the full utilization of science, without hard work. The 
ultimate consideration, he said, is moral control, of 
which the simplest expression is live and let live. He 
wondered whether it came within the province of sci¬ 
ence to obtain that indispensable moral control. 

Other speakers described developments in the British 
Commonwealth in the attempt to supply the world 
with more food. 

Sir David Rivett said that Australia would need 
more first-class scientists. Geneticists are needed to 
develop from British cattle breeds that are already 
established in Australia, strains adapted to local con¬ 
ditions. The fertility of ranis is affected by high tem¬ 
peratures, and knowledge of climatic influences on the 
fertility of rams end ewes is needed to raise the 
present low lambing percentage. Speaking of the 
possibility of more efficient use of present resources, 
he told of how, in Australia, skimmed milk is used 
mainly as pig food. But research has revealed that 
in that waste there are more first-class animal proteins 
than in the whole of the beef and mutton production 
of the Commonwealth. 

A. C. Hardy rather startled many scientists when, 
in his section presidential address “Zoology Outside 
The Laboratory,” he expressed a belief in telepathy. 
He said: 

It is perhaps unorthodox for a zoologist to introduce 
such a topic, but I do so for a reason. If telepathy has 
been established, as I believe it has, then such a revolu¬ 
tionary discovery should make us keep our minds open to 
the possibility that there may be so much more in living 
things and their evolution than our science has hitherto 
led us to expect, 

Such an idea as I am about to suggest is no doubt 
highly improbable and would perhaps be totter kept 
locked in a bottom drawer; I mention it, however, merely 
as a reminder that perhaps our ideas of evolution may to 
altered if something akin to telepathy—unconscious, no 
doubt—was found to be a factor molding the pattern of 
behavior among members of a species. If there was such 
a nonconsciouB group behavior plan, distributed tot ween, 
and linking, the individuals of the race, we might find 
ouTselves coming back to something like those ideas of 
subconscious racial memory of Samuel Butter, but on a 
group rather than on an individual basis. 

It would remove many of the fatal difficulties of his 
hypothesis. Samuel Butler's ideas were, of course, the 
logical development of Lamarck's, but thought of inde¬ 
pendently. 
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II there wm such a group habit and behavior pattern 
it might operate through organic selection to modify the 
course of evolution; working through selection acting on 
the gene-complex. If this flight of fancy ever proved to 
be a fact, it would be a wedding of the ideas of Darwin 
and Mendel on the one hand, and Samuel Butler and 
Lamarck on the other. 

Professor Hardy made a plea for more ecological 
research. He defined ecology as “the conversion of 
natural history into science,” which involved more 
than the expressing of the interrelationship of organ¬ 
isms with their environment, living and inanimate, in 
numerical terms. The aim of ecology is to discover 
more of the laws operating in the worid of living 
things. He remarked on the fact that ecological 
knowledge of marine life is much more advanced than 
that of man's ordinary terrestrial surroundings. 

Sir Alexander Gray, in his presidential address 
“Economics: Yesterday and Tomorrow,” said that the 
problem of government is essentially one of expedi¬ 
ency; above all, it is concerned with the urgent ques¬ 
tion of how to keep going for the next six months. 
The enunciation of a flawless theory of wages, if such 
could be formulated, would never still the passions 
which had given rise to a strike. Accordingly, he 
believes the economic adviser should at times be able 
to forget that he is an economist, and indeed to 
realise that there might be occasions when he ought 
to forget his economics. He is certain that a struc¬ 
ture of economic theory that is not based on sound 
psychology is a house without foundation, therefore 
the economist must be a psychologist, of a sort. 

There is no room here to do more than mention some 
of the other interesting papers that were read. 

Kenneth Oakley, of the Natural History Museum 
in London, read a paper to the anthropological sec¬ 
tion on his fluorine test. Fluorine is a gas which, 
in the form of fluorides, occurs as a trace in most 
ground water. When fluorine ions reach bone mate¬ 
rial, they are locked into the uitramicroscopic mesh of 
the calcium phosphate crystals. Once they thus enter 
they are not released, and the fluorine content of the 
bone increases with time. This fact provides rather 
a neat means of distinguishing fossilized bones of dif¬ 
ferent ages occurring at a particular place, though it 
does not make it possible to date an individual bone 
in isolation. 

In the physics section, some papers were read on 
recent techniques applied to astronomical problems. 

J. S. Bey, of the Army Operational Research 
Group, dealt with investigations of solar radio noise. 
This is emitted in two forms: First there are fairly 
sharply beamed emissions from sunspots, a maximum 
being obtained when the sunspot is near the central 
meridian on the sun's disk. Next there are very 


sudden bursts of emission from solar flares, which are 
tongues of very hot gas moving at immense speed 
from the solar surface near the sunspots. This type 
of emission is characterised by its suddenness, and it 
does not appear to be beamed. There seems to be a 
greater chance of radio emission with flares occurring 
on the east side of the sun’s disk than with flares in 
an^ other position. Intense ionisation of the lower 
part of the ionosphere is simultaneous with the flare 
and the radio emission. It seems that this intense 
ionization is caused by ultraviolet light from the flare/ 
and the result is a complete black-oht of long distance 
radio communication on the earth. 

F. G. Smith, of Cambridge, described work on radio 
techniques applied to the analysis of radio noise com¬ 
ing from the rest of the galaxy. The first problem 
is to determine whether the noise comes from a diffuse 
interstellar gas or from point sources such as the 
known stars. From experimental evidence at Cam¬ 
bridge it appears that there are two major sources 
and 23 smaller ones, and with certain assumptions the 
diameter of the source seemed to be less than ten light 
seconds, i.e., of the order of size of an average visual 
star. It appears that the noise is due to electrons 
having a random motion of at least 10 10 electron volts. 
The great energy suggests that the origin of cosmic 
rays is the same as that of the radio noise investigated. 

A. C. B. Lovell, of Manchester, described new devel¬ 
opments in meteor astronomy. He said electron trails 
formed by the burning away of a meteor make excel¬ 
lent radar targets and can thus be detected on a 
cathode-ray screen. Difficulties occur because of the 
immense speed of the meteors, in the neighborhood 
of 100,000 miles an hour, thus producing radar echoes 
of extremely minute duration. As the central prob¬ 
lem of meteor astronomy is to discover where the 
meteors come from, it is very important to determine 
the meteor speed very accurately, for a difference of 
less than 1 percent in the velocity means the differ¬ 
ence between a meteor belonging to the solar system, 
i.e., moving in an orbit around the sun, and one from 
interstellar space. 

W. C. Hodgson and K. M. Rae described two types 
of apparatus for submarine investigation. The con¬ 
tinuously recording echo-sounder gives the depths at 
which fish are swimming and allows the nets to be 
adjusted accordingly. It also allows the extant of a 
shoal to be calculated and therefore the likely catch. 
Herrings, sprats, cod, end mackerel can all be identi¬ 
fied by the characteristic trace they give on the paper 
record. The other apparatus is a recorder which, 
towed behind a Chip, gives a continuous irecord of 
plankton (Ike small animal life on which fUh feed). 
Much time, money, and effort could M by tifis 
technique when fishing research^ 
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in such large areas as the Pacific. It would give a 
broad basis on which to plan more detailed research 
cruises. 

The impact of science on society was implicit in all 
papers read, and Sir John Russell, in his presidential 
address, raised some controversial points about the 
powers of science. He said: 

It can do much to overcome material difficulties and, 
better still, to satisfy man's thirst for knowledge of the 
nniverso in which he lives, and it can insist continuously 
on our high duty to seek out the truth fearlessly and 
honestly, and having found what we believe to be the 
truth, to proclaim it—but in all humility and recogniting 
that we may be wrong. Apart from that, science can 
give little .guidance in those great meral and spiritual 
problems which lie at the root of our most serious troubles 
today. It opens up many possible ways of &fe but gives 
no help in choosing which to follow, it deals with the 
facts of existence but not with the values of existence. 
It offers us great possessions but, as the old aristocracy 


knew, great possessions imply great personal responsibili¬ 
ties. Democracies still have this to learn. That is one 
of our greatest problems today. 

Science can help us best if we have a sustaining faith, 
a high purpose in life and unflinching courage to pursue 
it. 

Sir Alfred Egerton summed up the general feeling 
when he said: 

Looking back to the turn of the century and remem¬ 
bering the stage of chemical science at that time, then 
seeing in my mind 'b eye the integrated achievements of 
chemists since those days, I cannot but believe in a bright 
future: * * That which they have done is but an earnest of 
the things they shall da. 11 

Next year’s meeting is to be held in Birmingham, 
and the new president of the British Association for 
the Advancement of Science is Sir Harold Hartley. 
The 1951 meeting is to be held in Edinburgh, under 
the patronage of the Duke of Edinburgh. 


TECHNICAL PAPERS 


A Reversible Photochemical Alteration 
of Uracil and Uridine 1 

Robert L. Siittheimer* and Ruth Hastings 

Department of Biology, Massachusetts Institute of 
Technology, Cambridge, Massachusetts 

Various lines of evidence (I, 3, 4) have suggested that 
the primary effect of lethal and mutagenic doses of ultra¬ 
violet radiations upon living cells may be partially re¬ 
versible, or at least compensated within the cell. In 
connection with a general study of the photochemistry 
of nucleic acid derivatives, we have discovered that, under 
certain conditions, the initial photodecomposition product 
of the pyrimidine, uracil, and the corresponding product 
of the riboee nucleotide, uridine, may spontaneously re* 
vert to the initial substances, uracil and uridine, respec¬ 
tively. 

A distinction must be made between the effects of 
radiation in the longer wave pyrimidine absorption re¬ 
gion, 9300-8800 A, and the effects of short wave radia¬ 
tions of wavelength less ton 2300 A, The former radia¬ 
tion gives rise to the partially reversible effect, whereas 
the latter produces—with a much higher quantum effi¬ 
ciency—an irreversible decomposition, 

In our experiments we have employed as a radiation 
source a low pressure mercury discharge tube, wound in 

‘This study Was supported by the American Cancer 
Society, acting through the Committee on Growth of the 
Natlonal Reeearch Council. 

•Present address: Iowa State Cells**, Ames, Iowa. 



the form of a spiral, obtained from the Hanovia Chem¬ 
ical and Manufacturing Company. The principal radia¬ 
tion from this tube is the 2637-A mercury line, but photo- 
chemically significant quantities of 1849-A, 1948-A, and 
2S24-A radiation ate omitted. We have filtered: these 
latter out with a 1-cm path of absolute ethyl alcohol. 

The solutions have been irradiated directly in the silica 
cells of the Beckman DU Spectrophotometer. Under 
these conditions, it is possible to destroy 63% of the 
absorption of a uracil solution (6.2 jig/ml in m/100 PO* 
buffer, pH 7.0) at the uracil maximum, 8590 A, in 16 hr 
of irradiation (Pig, 1). If now the pH of the irradiated 
uracil solution is changed to 1,0 (by addition of 1 ml 
1 M HC1 to 8 ml of irradiated solution), to absorption 
at 2590 A is then found to rise exponentially, following 
first-order kinetics, with a rate constant of 14 min at 
room temperature. As shown in Pig. 1, 74% of to 
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Initial absorption can be recovered. That the substance 
responsible for the recovered absorption is uracil Is indi¬ 
cated by the absorption spectrum and by the Character¬ 
istic shift in absorption (£) upon making the solution 
of the recovered material alkaline to pH 11.4. 

Some increase in absorption takes place if the irradi¬ 
ated solution is allowed to stand at pH 7.0, but the rate 
of increase is extremely slow at room temperature. This 
rate may bo accelerated by increase of temperature; im¬ 
mersion of the irradiated solution into boiling water for 
15 min cun bring an increase in absorption comparable 
to that produced by addition of acid. Recovery in acid 
solution, however, has given more reproducible results. 

Irradiation of uridine has led to qualitatively similar 
results. Uridine appears to be some 16 times as labile 
to ultraviolet irradiation as uracil, when compared at 
pH 7. 

Under these * conditions of irradiation, thymine, cyto¬ 
sine; adenine, and guanine, and adenylic and guanylic 
acid are not decomposed. However, preliminary experi¬ 
ments have given evidence of a similar reversible phe¬ 
nomenon with cytidylic acid. 

More complete details of this work will be published 
elsewhere. 
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A Polarographic Determination 
of Digitoxin 1 

Jame* G. Hilton 2 

Department of Pharmacology , School of Medicine, 
University of Virginia , Charlottesville 

In conjunction with a polarographic investigation of a 
variety of organic compounds of pharmaceutical interest, 
a study of the polarographic properties of digitoxin was 
instituted. Ficacr ( 1 ) reported that the cardiae glyco¬ 
sides gave polarographic half-wave potentials in the 
rogion between -1.9 and - 2.0 volts. The present in¬ 
vestigation confirms Fieser’s work and elaborates on the 
qualitative and quantitative polarographic properties of 
digitoxin. The results of this study show that digitoxin 
may be determined in concentrations as low as 0.1 pg in 
50% alcohol solution and may also be extracted by means 
of suitable solvents from complex mixtures and deter¬ 
mined in similar low concentrations! 

The method used to carry out these investigations was 

4 This Investigation was supported In part by research 
*r: nts from the Division of Research Grants and Fellow¬ 
ships of The Rational Institutes of Health, U. 8. Public 
Health Service, and The American Cancer Society. 

•The anther wishes to thank Dr. C, L, Gexomill for sug¬ 
gesting this problem and for his guidance in this study. 


as follows: A stock solution of the pure drug 1 was pre¬ 
pared by dissolving 25 mg of digitoxin in 12.5 ml of 
absolute alcohol and diluting to 25 ml with distilled 
water. Varying amounts of the stock solution were 



Fio. 1. Height versus concentration curves for digitoxin 
l^tween 0,1 and 1.0 \l&. Upper curve (A), alcoholic solu¬ 
tion ; lower curve (O). extraction from blood. Abscissas, 
concentration of digitoxin In ng; ordinates, height in In. 
(1 In. « 0.508 ua). 

added to 0.5 ml of 0.2 N tetraethyl ammonium hydroxide 
in a HeyrovBky reaction vessel and diluted to 5 ml total 
volume with 50 % alcohol solution in order to study the 
half-wave potential and height of break at different con¬ 
centrations. For extremely low concentrations, a stock 
solution of lower concentration was prepared and diluted 
in a similar manner. Nitrogen was bubbled through the 
prepared solutions for a period of 15-20 min and the 
polarogram recorded. This process was repeated until 
a satisfactory curve of height versus concentration had 
been determined for the concentrations under investiga¬ 
tion and the average half-wave potential was calculated. 

The study of digitoxin in blood was carried out by a 
combination of extraction and polarographic work. The 
most satisfactory extraction solvent was found to be 
petroleum ether. The procedure followed for the in¬ 
vestigation in this portion of the experiments was as 
follows: Varying amounts of stock solution were added 
to 10 ml of mixed blood, and 2.5 times the total volume 
of petroleum ether used for extraction. The combined 
mixture and extraction solvent solution was placed in a 
separatory funnel and shaken. After thorough settling, 
the residual blood was drawn Off. The remaining solu¬ 
tion was shaken and allowed to settle until no blood 
residue appeared after shaking. The petroleum ether 
fraction was placed in an evaporating dish and evapo¬ 
rated to dryness. This residue was dissolved in 2.5 ml 
of absolute alcohol and decanted so that no alcohol-in¬ 
soluble components would be in the final solution. The 
alcohol solution of the residue was diluted to 5 ml with 
distilled water and 2.5 ml of this solution was placed 
in a reaction vessel with 2.0 ml of 50% alcohol solution 

8 Grateful acknowledgment is made to Dr. K. R. Chen, HH 
Lilly and Company, Indianapolis, Indiana, for the purified 
digitoxin used in this study. 
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and 0.5 ml of 0.2 N tetraethyl ammonium hydroxide. 
Nitrogen was bubbled through the solution for 15-20 min 
and the polarogram recorded. In this investigation, os 
in the study of the alcoholic solutions of digitoxin, mul¬ 
tiple runs were made until a satisfactory height-versus- 
concentration curve was obtained and the average half¬ 
wave potential was calculated. 

The results of these experiments show that digitoxin 
may be determined in concentrations as low as 0.1 pg in 
both alcoholic solutions and in blood. Multiple deter¬ 
minations run on concentrations between 0.1 and 0.4 pg 
of digitoxin in blood show the error in this method to be 
10,02 pg. Pig. 1 shows the height of polarographic 
break for various concentrations of digitoxin in alcoholic 
solutions and in blood extracts. This figme also shows 
the relationship between height of break for alcoholic and 
blood determinations. It may be seen that in concen¬ 
trations down to approximately 0.6 pg the two curves 
coincide reasonably well; however, below this concentra¬ 
tion the curve of digitoxin extracted from blood drops 
sharply and approaches zero. This drop from the alco¬ 
holic curve may be due to the distribution of digitoxin 
between the extraction solvent and blood at these low 
concentrations. The use of the arbitrary curve, although 
it varies from the curve of digitoxin in alcoholic solu¬ 
tion, is based upon the results of multiple determinations 
which show a low error (±0.02 pg) in the concentrations 
where the deviation is greatest. The average half-wave 
potentials wore found to be -1.965 in alcoholic solution 
and - 1.958 when extracted from blood. 

Reference 

1 , Kikskk, Ij, chem. Hoc., 1040, 62, 11510. 

Effect of Sulfadiazine on Survival 
of the Mammalian Embryo 1 

Allan O. Base, Chester t, Yntoma, 
and Warner S. Hammond 

Departments o f Pharmacology and Anatomy, 

Syracuse University College of Medicine, 

Syracuse, Netv York 

It has been shown by Petwilor, Copenhavor, and Robin¬ 
son (£) that sulfadiazine in solutions of 1% or higher 
is frequently toxic to Amblystoma embryos in early de¬ 
velopmental stages. More recently, Copenhaver and Det* 
wiler (1) showed that 2% concentration of sulfadiazine 
caused a failure to survive to the stage of yolk resorption. 
They also observed abnormalities of various structures in 
the organism. S. Y. P'an (4) has shown that sulfa- 
methiazine when administered to normal male rats pro¬ 
duces gross and microscopic atrophic changes in the 
testes, seminal vesicles, and anterior prostate. Recently, 
Figge y# at. (4) reported on the influence of sulfonamide 
drugs on cancer susceptibility, and reproduction in mice. 
He has observed that there is a decrease in reproduction 

This Investigation was supported by a research grant 
from the Hendrick* Fund at Syracuse University. 


in mice maintained on constant medication with certain 
sulfonamides. Two of the authors (Yntexna and Ham¬ 
mond) have found that sulfadiazine is more lethal to 
chick embryos during the first half of the second day of 
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* Admin lettered only In the diet In Experiments 1--3. In 
Experiment 4, one Injection of 12 mg sulfadiazine sodium 
was given Intraperltoneally, in addition to administration of 
sulfadiazine in the diet for the Oth or 7th day. 

t Eight-tenths percent of diet. 

t Compared with untreated controls In Experiment 1. 

incubation than it is subsequently. The drug appeared 
to interfere with the development of the vascular sys¬ 
tem. These studies suggested that sulfonamide adminis¬ 
tration might interfere with oarly development of the 
mammalian embryo. 

To investigate this, we selected white mice as our ex¬ 
perimental animal and used sulfadiazine as a repre¬ 
sentative of the sulfa group of drugs. A diet of Purina 
dog chow containing 0.8% by weight of sulfadiazine was 
omployed. The breeding cages contained four females 
and one male. Females were examined each morning. 
JThose having vaginal plugs were removed, numbered, and 
placed in individual cages. Only the females showing 
vaginal plugs were selected for the investigation. 

Experiment 1 (Table 1) represents the results obtained 
when such animals, beginning on the 5th day following 
conception, were fed sulfadiazine in the diet for a period 
of 10 days. The percentage of deliveries in this treated 
group was 23.2%, in contrast with 48.2% in the untreated 
control group. Whon untreated animals were fed iso- 
caJorieolly there was a reduction of deliveries, as indi¬ 
cated by the results of Experiment 2. However, this 
reduction did not reach the level noted in the sulfadiazine- 
treated animals. 

It was of interest to localize more accurately the time 
at which the sulfonamide was effective. Experiment 3 
indicates the results. Here it was shown that the period 
from the Oth to the 8th day was the one at which the 
sulfonamide Was effective. 

To localize further the most effective interval, Experi¬ 
ment 4 was conducted, in which animals were given sul¬ 
fonamide for 1 day only. Here sulfadiazine sodium was 
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administered intraperitoneally, to that initial high sul¬ 
fadiazine levels could be obtained. Following the intra¬ 
peritoneal injection, the mice were placed on the sulfa¬ 
diazine diet for 24 hr. Similar results were obtained 
whether sulfonamide was administered only on the 6th or 
only on the 7th day following appearance of the vaginal 
plug. No data have been obtained concerning the period 
from the 1st to 6th day. 
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Enzymatic Reduction of 2,4-Diketo Adda 
Catalyzed by Dihydrodiphosphopyridine 
Nucleotide 


Alton Meister 

National Cancer Institute, 

National Institutes of Health, Bet he t da, Maryland 

The reduction of pyruvic acid to lactic acid, catalysed 
by dihydrodiphosphopyridine nucleotide (DPNH t ) in 
muscle extracts is well known. An apparently analogous 
reaction in which 2,4 - dike to acids are reduced has been 
observed. When a series of homologous 2,4-diketo acids 
was incubated with 90% pure DPNH a l and an aqueous 
extract of an acetone powder of rabbit muscle at pH 7,2, 
the characteristic absorption band of these compounds at 
2900 A and the band due to DPNH fi at 3400 A disap¬ 
peared progressively. Equimolar amounts of coenzymc 
and diketo acid were utilized, suggesting the reduction of 
one keto group. In a typical experiment using a sys¬ 
tem containing 6 x HK* moles each of 2,4-diketo vale rate 
and DPNH*, 10"* moles of phosphate buffer at pH 7.2, 
and 80 y of protein nitrogen per 8 ml, 2.48 x 10 T and 
2.44 x 10- 7 moles of DPNH, and diketo acid, respectively, 
disappeared after 12 min of incubation at 25 9 0. Neither 
DPNH, nor substrate disappeared when one of these 
was omitted from the system or in the absence of enzyme. 
No Lactate was formed as determined by the method of 
Barker and Summeroaa (I), ruling out prior hydrolysis 
of the diketo acid to pyruvic acid (5). The facts are 
compatible with the equation, 

PCCHjCCOOH + DPNH s -^RCOH fi CRCOOH + DPN 

l h i L 

whereby the product is considered tentatively to be the 
2-hydroxy-4-keto acid. 

The reaction proceeded more rapidly with increasing 
concentrations of substrate and was conveniently fob 

l DPN was purified by countercurrent distribution Os da* 
scribed by Hogebeom and Barry (S). Cruder preparations 
tended to interfere with measurements made at 2909 A. 
m » Calibration factor for Adrenalin 
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lowed spectrophotometrlcally by measuring the rate o t 
decrease of the DPNH f band at 3400 A. All of the nor* 
mal 2,4-diketo acids from valeric to undecylie were re* 
duced in the system, as shown in Table 1. Under the 

TABLE 1 

Enzymatic Rbduction or 2,4-Dikkto Acids* 


2 , 4 tDlketo acid 


n-Vnlerlc 

n-Hexanolc 

n-HeptanoJe 

n-Octanolc 

n-Nonanolc 

n-Caprlc 

«-Undecjllc 


Disappearance DPNH, 


(Moles x 10 * per min ) 
1.83 
1.74 
. 1.45 

' 1.48 

1.80 
1.88 
1.45 


* Compos)tto w of system lu moles per 8 ml was 5 x 10 ^ 
DPNHp 9 x 10 - * diketo add. 1 x HH phosphate buffer (pH 
7 . 2 ) ; and 0.1 ml en 2 yihe preparation (100 7 protein* nibuc- 
fen) per 3 ml; 25 * C. 

same experimental conditions, neither 4-keto valeric acid 
nor 3,5-diketohexanoic acid was reduced. The nature of 
the enzyme involved and its possible relationship to lactic 
dehydrogenase is under investigation. 

Reference* 
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A Convenient Quick Method of Obtaining 
Vitamin B„ Concentrate 1 


Hsnry Boriook, Clara L. Dea*y, A. J. Haagen-Smxt, 

Geoffrey Keighley, and Peter H* Lowy 

Kerckhoff Laboratories of Biology, 

California Institute of Technology , Pasadena * 

The nonprotein filtrate of liver homogenate (proteins 
coagulated by boiling at pH 5.0) chromatographed on 
starch columns by the method of Moore and Stein (1) 
gave a reddish brown fraction in the first portions of the 
effluent. 

The behavior and color of this fraction suggested a 
possible relation to B,,. This was tested as follows: 0,5 
ml of liver injection, USP (Lederle Solution Extract, 
tram beef liver, 15 u per ml) was dried by blowing air 
across it at room temperature. To the residue 0.1 ml 
IN HC1 was added, and then 0.5 ml of a mixture consist* 
ing of 0.1 N HC1, a-propanol, and a-butanol in the pro* 
portions 1:2:1. The solution was chromatographed on 
25 g starch in a 10-mmx 800-mm column With the 1: 2: 1 
mixture as solvent. 

*ThU work Is part of thflt done undCT a Joint contract 
with the Offlee of Naval Research, UaitedStatesNavyOfr- 
pertinent, and the Catted States Atomic Energy CemmlwiOtt. 
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The first 4,2 ml of the effluent was colorless, The next 
1,8 ml, fraction 1, was slightly colored; the next 1.8 ml, 
fraction 2, was deep reddish brown; a third 1.8 ml, frac¬ 
tion 3, was slightly colored. No more of the effluent, up 
to a total volume of 22.2 ml, was colored. 

The three colored fractions ware submited to Karl 
Folkers, of Merck and Company, for analysis. He re¬ 
ported the following: fraction 1, 80 microbiological unite 
per mg; fraction 2, 2000 units per mg; fraction 3, 240 
units per mg. 

Ae the color accompanies the activity, it is easy to 
know what portion of the effluent to collect. The method 
offers a way of obtaining active material from com¬ 
mercially available sources, which already contain the 
activity in a conveniently small volume. 

Reference 
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Fat Absorption and Atherosclerosis 1 

G. H. Becker, Jacob Mayer, smd H. Nechele* 

Department •/ Gastrointestinal Research, 

Medical Research Institute of 
Michael Reese Hospital, Chicago 

In our work on the effect of age on fat absorption (I) 
we have observed a phenomenon which may be funda¬ 
mental in the pathogenesis of atherosclerosis. 

Using a modification of Fraser 'a chylomicron dark field 
technique ( 1, £), we have studied the absorption of fat 
in thirty young and in thirty old subjects with average 
ages of 18 and 76 years respectively. The fasting sub¬ 
jects were given a standard fat meal of 4 g of oloomar- 
garine/kg of body weight on 2 os of white toast together 
with a cup of tea. Samples of finger blood were drawn 
before and after the meal at regular intervals as indicated 
in Fig. 1. The number of cbylomierons in the serum of 
each specimen was determined and chylomicrographs were 
constructed, 

As shown in Fig. 1, the chylomicron counts of young 
subjects reached a peak at hr, and returned to fast¬ 
ing levels by the end of ihe 6th hr. The counts of the 
old group on the other hand did not reach their peak until 
8-12 hr, and they did not return to fasting levels until 24 
hr had, elapsed. la addition, th* total number of chylo¬ 
microns was found to be consistently and considerably 
higher in the old than in the young group. 

Previous work by Gage and Fish (4), and Fraser (£) 
has established that the chylomicron curve serves as an 
index of postabsorptive lipemia. From our results It is 
obvious that a definite delay in the rate of absorption and 

1 Aided hr a grant from the A. B. Kuppechelmer Food. 
The department is in part supported by the Michael Basse 
Research Foundation. The help of Dr. E Sorter, Medical 
Director, of Mr. B. Grossman, Director, and of the staff of 
tike Home tor Aged Jews Is eeknowtaUred gratefully. We 
are obliged to Dr. E E Eagan and the staff of Sarah Morris 

Ilrtspftel for tiwir eooperettco. 


a definite increase in the total absorption of corpuscular 
fat exist in aged individuals as compared with a group 
of young subjects. 

The observations of Hueper (6, 7) and of Moreton 
(9,10) seem to indicate that the alimentary hyperlipemia 
and its accompanying high concentrations of chylomicrons 



in the peripheral blood, occurring in normal individuals, 
are indistinguishable from the sustained hyperlipemia 
and hyperchylomicronemia of pathological and experi¬ 
mental origin which have been found to be characteristic 
of the known causative conditions of atherosclerosis. 

Hueper (6, 7) and Moreton ( 9 , 10) state that macro- 
molecular substances can be deposited and can damage the 
internal layers of arteries. Chylomicrons are macromo- 
lecular bodios containing largely neutral fat and some 
cholesterol (£, J, 9, 10). The neutral fat, according to 
Moreton (9, 10), disappears rapidly from the intima and 
subintima, while the cholesterol remains and accumulates 
gradually, attracting macrophages, giving rise to foam 
cells, and ending in atherosclerosis. 

The question is still controversial, whether endogenous 
or alimentary cholesterol produces atherosclerosis in man. 
This cholesterol is in truo solution and it is possible that 
chylomicrons; wkioh are maeramotacglar aggregates, ore 
the source of irritation and degeneration of arterial walls, 
rather than cholesterol, fats, or other lipids in the dis¬ 
solved state (d, 7, 9, 10). In the chicken, endogenous 
cholesterol seems to play a large role in the genesis of 
arteriosclerosis (5). 

Increased chylomicronemia following fat-containing 
food occurs at every age. However, it lasts only a rela¬ 
tively short time and it is only of moderate intensity in 
young persons. With increasing age, and particularly 
above 50 years of age, chylomicronemia is of greater in¬ 
tensity and it is practically permanent. If the chylo¬ 
microns play a role in atherosclerosis, the fundamental 
physiological basis of the mechanism of the disease may 
lie in this fact. 

Another significant observation made was that oval ad- 
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ministration of lipases or of a detergent (Tween 80)® 
with the fat meal reduced the hyperchylomicronemia of 
older persons to practically the level of the younger age 
group. The chylomicron count in young persons follow¬ 
ing 1 a fat meal was not influenced materially by the ad¬ 
ministration of lipase with the fat meal. 

We have found earlier (It) that pancreatic lipase 
secretion and blood lipase levels are significantly lower in 
older persons than in young ones. The effect of lipase 
or of a detergent in reducing the hyperchylomicronemia 
in old subjects to levels of young subjects seems to sup¬ 
port the assumption that the mechanisms of fat digestion 
or of fat absorption, probably both, change with aging. 
It is not probable that hyperchylomicronemia is due to 
delayed disposition of circulating fat, because intravenous 
injection of equal volumes of hyperlipemic plasma into 
young and old subjects yielded similar chylomicron curves 
(1). It is premature to speculate whether administra¬ 
tion of lipase or of detergent to normal persons may pro¬ 
hibit the development of atherosclerosis, or whether the 
progression of the disease can be interrupted by the 
administration of lipase or of detergent. Animal experi¬ 
ments may answer this question. 

In persons over 50 years of age ingestion of a small 
amount of oleomargarine was followed by a practically 
24 hr increase in the chylomicron count in the serum. In 
younger persons the chylomicron curve returned to fast¬ 
ing levels within 5 hr. Since all people eat some fat at 
least once a day, increased numbers of fat particles cir¬ 
culate in the blood of older persons practically perma- 
mently. If it is true that particulate fat, circulating in 
the blood, leads to atherosclerosis, the condition leading 
to that degenerative disease has been found. 

Administration of lipase or of detergent' with the fat 
meal reduced the chylomicron counts and the duration of 
increased counts of old subjects to levels of young 
subjects. 

Work on animals will show whether atherosclerosis can 
be influenced by drugs affecting digestion and absorption 
of fat. 
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A Vibrating Tissue Slicer 1 

Samuel P. Henman 

CbUdrtn’t Hotpital, Washington, 0 . C, 

Some recent studies (A) of the metabolism of brain 
cor&x jjdices required six or eight parallel experiments 
on the same brain. Neither the freehand method (4), 
nor the microtome method (3) yields sufficient material 
from brains of guinea pigs or rabbits. We have found* 
that a vibrating blade with freehan^ manipulation can 
provide 500 mg of cortex slices from a full-grown guinea 
pig brain. The source of vibration is a mechanical wood 
carving tool (Burgess Vibro-Tool), which develops » 
push-pull vibration at a frequency of 120 per sec. There 
is only slight lateral vibration. In the chuck, we fastened 

TABLE 1 


Hand cut Cutter 



Wet 
weight 
in mg 

Qo f 

Wet 
weight 
In mg 

<K 

Mouse liver 

122 

3.77 

78 

6.08 


94 

6.28 

82 

6.58 


112 

5.79 

92 

6.06 

Average 


5.95 


6.02 

Guinea pig brain cortex 

52 

9.18 

57 

10.20 


72 

9.7? 

71 

9.20 


58 

10.10 

68 

9.56 

Average 


9.67 


0.68 


a split metal adapter tightened by a wing nut, which can 
hold 2-in. pieces of Stadie blades or single-edge razor 
blades. 

The platform upon which the cerebral hemisphere is 
placed is made by filling a 60-mm crystallizing basin with 
ice and water to overflowing, sliding the bottom of a 
larger basin over it, and inverting the basins. The ice 
floats to the top, causing the platform to be chilled. The 
cerebral hemisphere, with meninges and blood vessels re¬ 
moved, is placed on a small square of moistened Alter 
paper on this platform. 

The cutter, with the edge facing the operator, is 
grasped firmly in both hands, one arm resting on the 
table edge for added stability. The vibrating blade is 
drawn slowly through the tissue, toward the operator, 
with a wrist motion. The slice lies flat on the blade, and 
the plane of the cut can be varied for thickness of slice 
and for contour of the tissue Without the necessity of 
guiding and sawing simultaneously, which is inherent in 
the freehand method. The slice can be picked off the 
blade with a fine forceps or can be removed by dipping 
the vibrating blade into a small beaker of chilled Binger's 
solution. The blade must be moistened slightly if the 

1 This Work has beep supported in part by the Office of 
Naval Research sod the International Mineral* and Cbem?**) 
Corporation. ." ' 
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slicing is to be done in the open, but need not be mois¬ 
tened in the humid box of Sperry (£) or the moist cold 
box of Fuhrman and Field (X). 

There is no apparent change in the tissues induced by 
the low frequency vibration of the blade, as measured by 
the 1-hr oxygen uptake of comparative portions of the 
same organ sliced by hand (/) and by the vibrating 
cutter, as shown in Table 1. The medium used was 
Kreb's Phosphate Ringer’s, pH 7.4, at 37° C, with air 
atmosphere. The brain medium also contained .011 molar 
glucose. 
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The Chemical Nature of a Factor in Hog 
Stomach Extracts that Reduces the 
Creatinuria of Muscular 
Dystrophy 1 * * 

Stanley Ulick and A. T. Milhorat 

Departments of Medicine and Psychiatry, 

Cornell University Medical College , 

The Russell Sage Institute of Pathology, and 
The New York Hospital 

A labile factor, assayed by its effect on lowering the 
creatinuria of a patient with progressive muscular 
dystrophy, has been found to concentrate in the fat frac¬ 
tion (7) of hog gastric mucin* and of hog stomach lin¬ 
ings*. But attempts at further fractionation of this 
concentrate by countercurrent distribution between abso¬ 
lute methanol and isooctane led to a rapid loss of bio¬ 
logical activity. The crude fat fraction contained up to 
1% 4 of a substance which reduced ferric chloride in a 
modified Emmerie and Engel (X) assay. This reducing 
.property proved to be a measure of biological activity, 
since loss in biological activity was associated with a 
decrease in amount of reducing substance. None of the 
four naturally occurring tocopherols, which also reduce 
ferric chloride in the assay of Emmerie and Engel, could 
have accounted for the biological activity, since they were 
without effect on the creatinuria of this patient at doses 

l Thia work has been aided by the Armour Fund for Re¬ 
search in Muscular Disease and by a grant from th« Nutri¬ 
tion Foundation. 

• Frederick Stearns and Company. Prepared by alcoholic 
precipitation of an sold digestion of bog stomach linings. 

«A low temperature concentrate of an acetone extract of 
bog stomach linings was kindly furnished by the Armour 
Research Laboratories. 

4 Calculated from a standard curve for alpha tocopherol. 


25 times the active dose of reducing substance from 
stomach extracts. Alpha (5), beta, and gamma tocoph¬ 
erols (4), however, do abolish the creatinuria of the mus¬ 
cular dystrophy of experimental vitamin E deficiency. 

The fat fraction of hog gastric mucin which lowered 
creatinuria at a dosage of 100 mg was allowed to lose 
activity by standing at room temperature for 3 months. 
The amount of reducing substance fell from 0.77% te 
0.07% and biological activity was completely lost. This 
suggested a destruction by autoxidation which leads, in 
the caBe of tocopherols in the presence of fats, to the 
formation of tocopheryl-p-quinones (fi). The tocopheryl 
p-quinones, in turn, can be reduced to the corresponding 
tocopheryl-p-hydroquinoncs and cyclized in the presence 
of mineral acid to regenerate the original tocopherols (£). 
The following experiments, which were designed to regen¬ 
erate any tocopherols in the inactivated fat fraction that 
had undergone autoxidation and tocopheryl-p-quinone for¬ 
mation, led to the finding that an intermediate in the re¬ 
action, a simple reduction product, possessed chemical and 
biological properties similar to the factor in the fat frac¬ 
tion of hog gastric mucin. A 100-mg portion of inac¬ 
tivated fat fraction was refluxed for 2 hr in an isooctane- 
ethanol mixture containing 5.0 g stannous chloride and 
5.0 ml concentrated HCl. After addition of water and re 
eovery of the iaooetane layer, the amount of reducing sub¬ 
stance was found to have increased to 1.08% and re- 
mained stable at this value. A 225-mg dose of this mate¬ 
rial containing 2.43 mg of reducing substance had no ef 
feet on creatinuria. A control experiment with pure alpha 
tocopheryl-p-quinone under the same conditions showed 
complete conversion to alpha tocopherol (E [2.9® 
in isooctane-70; E [520 mp,] in the Emmerie and 
Engel assay = 370). Another 100 mg portion of inacti¬ 
vated fat fraction of gastric mucin was refluxed for 30 
min in the same solvent with 0.7 g stannous chloride 
and 0.5 ml concentrated HCl, and the isooctane layer was 
recovered as described. The reducing substance had in 
creased to 0.73% but fell to 0.30% on the second day, 
0.27% on the third day, and to 0.21% by the end of a 
week. A 225-mg dose of this material, containing 1.03 
mg of reducing substance, was biologically active. The 
control with pure alpha tocopheryl-p-quinone under these 
conditions showed the formation of alpha tocopheryl-p- 
hydroquiaone by the appearance of an absorption maxi¬ 
mum at 290 mp, which disappeared in the course of 18 hr, 
as the spectrum of alpha tocopheryl-p-quinone reappeared 
with a double maximum between 260 and 270 This 
rapid autoxidation is characteristic of alpha toeopheryl- 
p-hydroquinone, first described by John (5). The crea- 
tinuria-lowering activity of the fraction of gastrio mucin 
treated in this way was fully duplicated by 1.0 mg of 
pure synthetic alpha tocopheryl-p-hydroquinone. 

Alpha tocopheryl-p-hydroquiiione Was prepared as 
needed from the more stable alpha tocophoryl-p-quinone 
by catalytic hydrogenation in ethanol or propylene glycol 
with palladium on calcium carbonate. The E (290 
m\i) in isooctane was 88 immediately after hydrogenation, 
a value somewhat higher than that reported by John (5), 
The E j (520 irqi) in the Emmerie and Engel assay was 
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300. Alpha tocophery 1-p-quinone was prepared by the 
oxidation of natural or synthetic alpha tocopherol with 
ferric chloride (S ) and purified by the method of Tiahler 
and Wendler (8) to an E (268 nm) in isooctane of 
450. 
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Taste Blindness to Phenyl-Thio-Carbamide 
as a Function of Saliva 

Jozef Cohen and Donald P. Ogdon 
Department of Psychology, University of llUnoit 

In 1931, A. L. Fox (<?, 7) of the E. I. du Pont de 
Nemours Company discovered that approximately 60% 
of the Causasian population are able to taste phenyl- 
thio-carbamide (F. T. C.) as bitter, while the remaining 
40% find it to be as tasteless as chalk. The literature 
of the physiological, genetic, environmental, and ethno¬ 
logical characteristics of this phenomenon has been re¬ 
viewed by Cohen and Ogdon (3). 

Blakeslee (1), Fox (4), Mee (5), and Blakeslee and 
Salmon {#) have all suggested that it may be the saliva 
which is the determiner of the ability to taste or not, 
and not the 11 taste apparatus’ 1 itself. Fox specifically 
suggested the possibility that nontasters have in their 
saliva a product, possibly a protein or a colloid, which 
precipitates the P, T. C. as a very insoluble substance 
which does not give rise to a taste sensation. 

The question as to the effect of the saliva may be 
settled by allowing tasters and non tasters to taste P. T, C. 
using another taster’s or nontaster’s saliva, A popula¬ 
tion of 35 American college students was first tested with 
P. T. C. crystals and each individual classified as a 
taster or a nontaster. Then each person (whether taster 
or nontaster) was tested with each of the following tests: 

1) I) test, using a saturated solution of P. T. C. in tap 
water on a dry (dried by air from an atomiser) tongue; 

2) G test, using & saturated solution of nontaster’s 
saliva' on a dry tongue; 3) P test, using a saturated 
solution of P. T. C. in taster’s saliva on a dry tongue, 
The taster’s and nontaster’s saliva was obtained from 
other individuals selected purely at random. No saliva 
from any person was used for more than one test on more 
than one subject. The results are given in Table 1. 

As control, 10 individuals were tested with the B 
test, using saturated solutions of P. T.C. in their own 


saliva, which had been allowed to remain exposed to air 
about 5-10 min, on a dry tongue. The results are given a 
in Table 2. 

TABLE 1 


Sensations of 35 Observkrs to P. T. C. Dissolved 
in Water, and Taster's and Nontaster's 

Saliva on a Dry Tongue 


P Teat 

O Teat 

P Test 

26 Tasters* 

T-0 

T * 0 

T-0 


NT-20 

NT - 2flt 

NT -26 

7 Nontasters 

T-0 

T-0 

T-0 


NT-T 

NT ='T 

NT » 7t 

T-taste* bitter, 
•NT - «o taste. 





* Pour sublets* reported only weak taste of' bitter, 
t One subject reported slhtht sensation, but was unable 
to describe it. 

t One subject reported n “warm” sensation. 

These data seem to indicate that an individual will 
taste P. T. C. as bitter when the following two necessary 
conditions are met: 1) He must have the correct ‘Haste 
apparatus,” and 2) he must have his own saliva (or, 
TABLE 2 

Sen bat tons of 19 Observers to P. T. C. Dissolved in 
Thejh own Saliva on a Dry Tongue 


K Test 


17 Tasters 

T - 10 


NT-1* 

2 Non tasters 

T » 0 


NT -2 


• This subject had previously reported a weak bitter Uste 
to the crystals. 


presumably, its chemical equivalent). A nontaster can¬ 
not taste in any event, even when he uses the saliva of 
another taster. A taster cannot taste under any cir¬ 
cumstances, except when he usee his own saliva; he can¬ 
not taste if he uses the saliva of another taster or non- 
taster. He can taste if he uses his own saliva, even 
though the saliva is placed on his tongue in exactly the 
same manner as the saliva from another individual. No 
subject can taste P, T. 0. when the crystals are dissolved 
in water and no saliva is used at all. 

Salivas are probably as different as fingerprints.' 
Blakeslee and Salmon (f) have also found that saliva 
is important to taste P* T. 0. Our finding that it must 
be the individual’s own saliva may be brought about by 
the fact that the * 4 taste apparatus” becomes, over the 
years, extremely sensitive and specialized to the particular 
saliva which the individual possesses; or these differences 
in saliva may be congenital or genetic. This being the 
ease, when other saliva is introduced, it is equivalent to 
water, and no taste sensation results. 

As a check on whether saliva influences other tastes, 
27 observers were tested with saturated solutions (in 
water) 6f saccharin and salt on dry tongues, aad on 
tongues wet with saliva. A11 of the individuals were able 
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to taste both the salt and the saccharin using wet tongues, 
but 16 failed to detect the saccharin and nine failed to 
detect the salt with a dry tongue. Apparently, therefore, 
saliva aids in many taste sensations, but its effect is most 
pronounced with P. T. C. 
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Sex Influence on Embryonic 
Death Rate in Chicks 

F. A. Hays 

Massachusetts Agricultural Experiment Station, 
Massachusetts State College, Amherst 

Thornton (7) reported evidence from this laboratory 
that the death rate in chick embryos up to 5 days of age 
was greater in females than in males. Landauer and 
Landauer (6) in summary data showed that the sex ratio 
of chicks at hatching was 48.77. Byerly and Jull (1) 
reported the sox of embryos that died after 9 days of in¬ 
cubation to be 48.69% males. These data would suggest 
that the mortality rate during this period was higher in 
females. Hays (£) gave the sex ratio in chicks at 8 
weeks of age as 60.85% males. Hays (J) showed that 
the primary sex ratio in chickens is about 60-50, with 
considerable variation between families. In general, ob¬ 
servations of different workers suggest that there may be 
considerable variation between breeds and strains with 
respect to sex ratio (6). 

Data collected in the spring of 1949 on the Massachu¬ 
setts Experiment Station flock of Rhode Island Reds 
strongly indicate that among embryonic deaths up to 6 
days of incubation there is a higher incidence in females 
than in males. In the fowl the female is the hetero- 
gametic sex, and the reduced ratio in females corresponds 
to the reduced ratio of males reported for most animals 
where the male is the heterogametic sex. 

The data presented in the table include 6460 eggs set 
in six weekly hatches, including eggs laid from February 


6 to March 25, there being a 1-week interval in which 
eggs were not saved between the third and fourth hatches. 

TABLE 1 


Hatch 

Egg 

production 

Total Early 

embryonic embryonic 
mortality mortality 
%• %t 

Bex 
ratio 
at 8 
weeks 

1 

1887 (Ffl-11) 

20.5 

10.8 

00.0 

2 

1288 (F12-18) 

27.5 

28,7 

60.0 

8 

1007 (F19-25) 

82.4 

00.0 

00.6 

4 

091 (M5-11) 

20.8 

82.5 

02.8 

0 

048 (M12-18) 

24.1 

81.1 

08.4 

6 

021 (M19-25) 

27.0 

88.4 

50.5 


* Rased on fertile eggs, 
t Percentage of embryos that died early. 


A very mild epidemic of bronchitis appeared in the breed¬ 
ing pons soon after the collection of hatching eggs began. 
This disease outbreak caused a linear decline in produc¬ 
tion during the period, in contrast to the normal rapid 
increase expected at this season ( 4 ). Effects of the dis¬ 
ease were observed both on fertility and embryonic death 
rate. Sex of the chicks was not determined until they 
were 8 weeks of age, but the postincubation death rate 
was low in the 3200 chicks retained. 

The table shows that total embryonic mortality did 
not increase greatly through the hatching season, but the 
early embryonic death rate almost doubled as the season 
progressed. This observation suggests that the disease 
virus had a lethal effect which operated early in the de¬ 
velopment of the chicks. The last column gives the per¬ 
centage of survivors at 8 weeks of age that were of the 
male sex. The abnormally high percentage of males 
from the last four hatches strongly indicates that the 
majority of embryos that died early must have been 
females. These data, together with those of Byerly and 
Jull (i), show that the embryonic death rate in females 
is higher than in males, at all stages of embryonic de¬ 
velopment. 
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Book Reviews 


Pharmacology and toxicology of uranium compounds: 
With a section on the pharmacology and toxicology of 
fluorine and hydrogen fluoride , (National Nuclear 

Energy Series, Div. YI, Vols. 1 and 2.) Carl Voegtlin 
and Harold C. Hodge. (Eds.) New York: McGraw- 
Hill, 1949. (Illustrated.) Vol. 1: pp. xvii + 524; Vol. 
II: pp. 525-1084. $10.00. 

These volumes are part of the National Nuclear Energy 
Series prepared as a record of the research work done 
under the Manhattan Project and the Atomic Energy 
Commission. They represent the comprehensive expori- 
mental studies carried out by a considerable group of 
investigators in. the Division of Pharmacology of the 
Manhattan Department of the University of Rochester on 
the pharmacology and toxicology of uranium. Prefaces 
and forewords outline the hiBtory of the volumes, the 
nature of the problem undertaken, and the proposed at¬ 
tack; only casual mention is made of the peculiar diffi¬ 
culties of war research. 

Tho urgency of the problem—the toxicity of uranium 
compounds—resulted in the formation of a large organi¬ 
zation that sought information of immediate practical 
value. While the applied science approach was dominant, 
much work of a more fundamental nature was undertaken 
in order to understand the nature of uranium poisoning 
and to provide possible avenues toward diagnosis, prophy¬ 
laxis, and therapy. The studies utilized several specieB 
of animals in order to permit generalization of the con¬ 
clusions to include man. To encompass the possible 
modes through which man might become poisoned, ex¬ 
periments were performed with many uranium compounds 
and the principal modes of experimental exposure: in¬ 
halation, ingestion, subcutaneous and intravenous injec¬ 
tion, and application to the skin or eye. There are also 
studies on human exposure to uranium compounds. The 
characteristic changes of uranium poisoning are presented 
from clinical, histopathological, and biochemical view¬ 
points. The distribution and excretion of uranium under 
various conditions, the nature of acquired tolerance to 
uranium poisoning, and the effect of uranium compounds 
on enzymes and proteins were also investigated. 

Many of the methods employed were originated or 
adapted by the Rochester group, and are presented in 
detail. Most of these might be useful to investigators 
in other problems in pharmacology and toxicology. This 
is particularly true of the methods used in the inhalation 
studies, which are presented in an excellent and ex¬ 
haustive chapter. Inasmuch as fluorine and hydrogen 
fluoride* are of increasing industrial importance, the 
chapter on the toxicity of these substances should be 
especially valuable. 

The presentation of the material/ both conceptual and 
factual, is lucid and thorough/ and use is made of Charts 


and figures whore feasible. Interpretations wander away 
from facts infrequently, proofreading errors are few, and 
"scientific shorthand" is kept to a minimum. These 
volumes were not intended as a textbook, but should be 
of value to toxicologists and pharmacologists generally. 
They are the most comprehensive studies on the pharma¬ 
cology and toxicology of uranium ever published. 

Albert Tannenbaum 

Michael Reese Hospital , Chicago 

Physikalische Chemie in Medizin und Biologic. (2nd ed.) 

W. Bladergrocn. Basle, Switz.: B. Wepf & Oo., 1949. 

Pp. xxiv + 675. (Illustrated.) 45Sw.fr. 

"Zwischen zwei Stiihlen zu sitzen ist richer keine 
angenohme Situation," so writes M. Roch, of Geneva, in 
his introduction to this book. He is referring to the 
position in which he says many physicians find themselves 
today in respect to their practice and teaching of medi¬ 
cine as it relates to the applications of physical chemistry. 
Apparently the basic training of physicians in Switzer¬ 
land is as devoid of physical chemistry as it is in our own. 
This book, like many others on the market, has been 
written mainly in an attempt to rectify this deficit in our 
medical training program. The author is vice president 
of Sandoz, Ltd. in Basle, Switzerland. 

The first five chapters deal largely with those basic 
chemical and physicochemical concepts which find an ex¬ 
tensive application to biology and medicine. They deal 
with such topics as the structure of matter, kinetics and 
energetics, radiations, nuclear physics, and properties of 
aqueous solutions. Chapter six treats of acid-base equi¬ 
librium in the animal body. The next five chapters are 
concerned chiefly with surface phenomena and colloidal 
solutions. Two of the five chapters are devoted largely 
to a description of the basic principles involved and the 
others mainly to the fine structure of protoplasm, per¬ 
meability, and osmotic pressure relationships within the 
animal body. The book concludes with chapters on oxi¬ 
dation reduction potentials and biological oxidations, be¬ 
tween which, rather oddly, is sandwiched a chapter on 
metabolism. 

In general, the author appears to have performed a 
commendable job. His treatment of the various topics 
is extensive enough to avoid being superficial and he has 
not refrained from the use of the necessary mathematics. 
-Those who are able to read German with ease will find 
this book worth consulting when they wish to clarify 
some aspects of the role of physical chemistry in biology 
and medicine. 

Eric G. Baxa 

Marine Biological Laboratory 
Woods Hots, Massachusetts 
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Scientific Book Register 


Adams, Roger et al. (Eds.) Organic reactions . (Vol, 
V.) Now York: John Wiley, 1949. Pp. viii+ 446. 
$ 6 . 00 . 

Adams, Roger, and Johnson, John R, Laboratory ex¬ 
periments tn organic chemistry. (4th ed.) New York: 
Macmillan, 1949. Pp. xiv+ 525. (Illustrated.) $3.26. 
Anastasi, Anne, and Foley, John P,, Jr. Differential 
psychology: Individual and group differences in be¬ 
havior. (Rev. ed.) New York; Macmillan, 1949. 
Pp. xv+ 894. (Illustrated.) $6.60. 

Bachman, G. Bryant. Organic chemistry. New York- 
London: McGraw-Hill, 1949. Pp. x + 432. (Il¬ 

lustrated.) $4.25. 

Barnes, H. F. Gall midges of economic importance: 
Miscellaneous crops. (Vol. VI.) London (8.W.7): 
Crosby Lockwood, 1949. Pp. 229. (Illustrated.) 15 all. 
Behrens, Charles F. (Ed.) Atomic medicine. New 
York: Thomas Nelson, 1949. Pp. xiv + 416. (Il¬ 

lustrated.) $7.50. 

Binet, LfcoN. Regards sur l f organisms vivant: invi¬ 
tation d la physiologic. Paris (VII 0 ): Librairie Gal- 
limard, 1949. Pp. 252. (Illustrated.) 430 fr. 
Bcrdon, R. 8. Surface tension and the spreading of 
liquids. (2nd ed.) (Cambridge Monographs on Phys¬ 
ics.) New York: Cambridge Univ. Press, 1949. Pp. 
xiv+ 02. (Illustrated.) $2.50. 

Candler, C. Practical spectroscopy. London (N.W.l): 
Hilger ft Watts, 1949. (U. S. distributor: Jarrell Ash 

Co., Boston.) Pp. viii+190. (Illustrated.) $6.10 
postpaid. 

Chandler, Aba C. Introduction to parasitology: With 
special reference to the parasites of man . (8th ed.) 
New York: John Wiley; London: Chapman ft Hall, 
1949. Pp. xii+ 756. (Illustrated.) $6.00. 

Crum, Roy W., Burggraf, Fred, and Carey, W. N., 
Jr. (Eds.) Highway Research Board. (Proceedings 
of the twenty-eighth annual meeting, 1948; Vol. 28.) 
Washington, D. C.: National Research Council, 1949. 
Pp. xxiv + 538. (Illustrated.) 

Delory, G. E. Photoelectric methods in diniodl bio¬ 
chemistry. Loudon (N.W.l) : Hilger ft Watts, 1949. 
Pp. 1 + 00. (Illustrated.) 16s. net. 

Devons, S. Excited states of nuclei. (Cambridge Mono¬ 
graphs on Physics.) New York: Cambridge Univ. 
Press, 1949. Pp. viii +152. (Illustrated.) $2.50. 
Dibke, G. H., and Duncan, A. B. F. Spectrosoopic 
properties of uranium compounds. (National Nuclear 
Energy Series, Biv. Ill, Vol. 2.) New York-London: 
McGraw-Hill, 1049. Pp. Trail+ 200, (Illustrated.) 
$2.75, 

Dublin, Louis I., Lotka, Alfred J., and Bfidgelman, 
Mortimer. Length of Ufe: a study of the life table- 
(Rev. ed.) New York: Ronald Press, 1049. Pp. 
xxy + 370, (Illustrated.) $7,00. 

Emerson, Fred W., and BatsLDs, Lofta Mawoum. 
Atfmtwy a*d field exercise* in botoa&. Philadelphia: 
Blakistcm, 1040. Pp. El + 903. (Illustrated.) $2 JO, 


English, James, Jr., and Cassidy, Harold G. Prin¬ 
ciples of organic chemistry: an introductory text in 
organic chemistry. New York: McGraw-Hill, 1949. 
Pp.xiii + 512. (Illustrated.) $5.00. 

Farris, Edmond J., and Griffith, John Q. (Eds.) 
The rat in laboratory investigation . (2nd ed.) Phila¬ 
delphia: J. B. Lippincott, 1949. Pp. xvi + 542. (Illus¬ 
trated.) $15.00, 

Fkigl, Fritz; Obsper, Ralph E., transl. Chemistry of 
specAfic, selective and sensitive reactions. New York: 
Academic Press, 1949. Pp. xiv + 740. (Illustrated.) 
$13.50. 

Hermans, P. H. Physics and chemistry of cellulose 
fibres . New York; Elsevier, 1940. Pp, xxii + 534. 
$9.50. 

Houwink, R. (Ed.) Elastomers and plastomers: their 
chemistry ^physics, and technology: manufacture , prop - 
ertiea f and applications. (Vol. II.) New York: Else¬ 
vier, 1949. Pp. xvi + 515. (Illustrated.) 

Jakob, Max. Heat transfer. (Vol. 1.) New York: 
John Wiley, 1949. Pp. xxix + 758. (Illustrated.) 
$ 12 . 00 . 

deLaubenfkls, M. W. Pageant of life science. (4th 
ed.) New York: Prentice-Hall, 1949. Pp. v + 407. 
(Illustrated.) $5.95. 

Lytel, Allan. TV picture projection and enlargement. 
New York (13): John F. Rider, 1949. Pp. xi + 179. 
(Illustrated.) $3.30. 

McEwkn, Robert 8. Vertebrate embryology. (3rd ed.) 
New York: Henry Holt, 1949. Pp. xv + 699. (Illus¬ 
trated.) $4.90. 

Niggli, Paul. Probleme der Naturwissenschaften : Hr- 
Idutert am Begriff der Mineralart. Basle, Bwitz.; 
Veriag Birkhhuser, 1949. Pp. xi + 240. (Illustrated.) 
18.50 Sw. fr. 

No«d, F. F. (Ed.) Advances in enwymology and related 
subjects of biochemistry. (Vol. IX.) New York-Lon- 
don: Interscience, 1949. Pp. x + 760. (Illustrated.) 
$9.00. 

8oden, William H. (Ed.) Rehabilitation of the handi¬ 
capped: a survey of means and methods. New York: 
Ronald Press, 1949. Pp. xiii + 309. $5.00. 
Theilheimer, W. Synthetisohe Methoden der Organ- 
ischen Chemie . (Vol, III.) Basle, Switzerland: S. 
Karger, 1949. Pp. viii + 412. Swiss fr. 40.- 
Viennot-Bouroin, Georges. Les Champignons Parasites 
das Plantes CuXtiviss. (2 vols.) Paris (VI*) : Masson 
et Cie, 1940. Vol. Is pp. xv + 765; Vol. II: 756 + 1850, 
(Illustrated.) 6000 fr. 

Wilkes, M. V. Oscillations of the earth f s atmosphere. 
(Cambridge Monographs on Physics.) New York: 
Cambridge Univ. Press, 1940. Pp. ix + 76. (Illus¬ 
trated.) $2.50. 

Willis Bailey. Friendly China: Two thousand miles 
afoot among the Chinese. Stanford, Calif: Stanford 
Univ. Press, 1049. Pp. xviii + 312. (Illustrated.) 
$5*00. 
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The New York Meeting, AAAS 

December 26-31,1949 


AAAS Special Sessions 

One of the features that characterize the Association’s 
Annual Meetings is a series of general lectures and ad* 
dresses, frequently sponsored by organizations that meet 
regularly with the A A A3, and open to the general public 
of the city in which the meeting is held. The series will 
be continued this year, with several notable additions. 
Ah but one of the lectures are scheduled for the Grand 
Ballroom of the Hotel Statlcr, the largest available room. 
Since these sessions are not restricted to registrants, and 
the capacity of the ballroom is limited, early arrival is 
advisable. 

The presidential address, by retiring president Edmund 
W. Sinnott, director of the Sheffield Scientific School, 
Yale University, will be held Wednesday evening, Decern' 
ber 28, at the Grand Ballroom of the Hotel Statler, at 
8: 00 p.m. His subject will be * 1 Ten Million Scien¬ 
tists.” Elvin C. Stakman, President of the Association, 
will preside. G. B. B. M. Sutherland, official representa¬ 
tive of the British Association for the Advancement of 
Science, and officers of the AAAS will be seated on the 
platform. Members of the Honorary Reception Com¬ 
mittee will have reserved seats. The presidential recep¬ 
tion that follows this address is open to all registrants. 
The speaker, officers of the Association, and members 
of the Honorary Reception Committee will be in the 
receiving line. 

The address by G. B. B. M. Sutherland, of the British 
Association for the Advancement of Science, “The Grow¬ 
ing Importance of Infrared Studies in Physics, Chemistry, 
and Biology, ’’ will be held in the Grand Ballroom of the 
Statler, on Wednesday afternoon, December 28, at 4: 30 
p.m. An exchange address by an official representative 
of the BAAS, which antedates the AAAS by 17 years, has 
come to be traditional, and significant of the ties between 
scientists throughout the world. This year Dr. Suther¬ 
land is professor of physics in the Harrison M. Randall 
Laboratory of Physics, University of Michigan; last year 
he was reader in spectroscopy and fellow of Pembroke 
College in the University of Cambridge. His recent elec¬ 
tion as Fellow of the Royal Society was for his distin¬ 
guished work in infrared physics at Cambridge. 

The Josioh Willard Gibbs lecturer this year will be 
Norbert Wiener, of the Massachusetts Institute of Tech¬ 
nology, who will speak on * ‘ The Mathematics of Sensory 
Prosthesis.” This mathematics lecture, sponsored by 
the American Mathematical Society, will be held at Mc¬ 
Millan Theatre, Columbia University, on Wednesday 
afternoon, December 28, at 4; SO pm. 

The National Geographic Society’s annual lecture will 
be held Tuesday afternoon, December 27, at 3: 00 p.m. 
in the Statler’s Grand Ballroom. Those who have attended 
these illustrated lectures before know their excellence. 


of the Smithsonian’s Department of Anthropology, who 
was coleader last year of an expedition to Arnhem Land 
in Australia, sponsored jointly by the National Geo¬ 
graphic Society, the Smithsonian Institution, and the 
Commonwealth of Australia (see Science, May £0, page 
528). With a sound film in color, Dr. Setzler will describe, 
the customs of the little-known aborigines of Arnhem 
Land, and also its topography, fauna, and flora. 

The Scientific Research Society of America, recently 
. organized by The Society of the Sigma Xi, offers as 
speaker for its first annual lecture John R. Dunning, 
Columbia University’s distinguished physicist, who will 
speak on “Recent Advances in Nuclear Physics.” George 
A. Stetson, editor of Mechanical Engineering, and chair¬ 
man of RES A, will preside at this session, which will be 
held Monday evening, December 20, at 8; 00 p.m. in the 
Statler’s Grand Ballroom. 

One of the outstanding features every year is the an¬ 
nual address of The Society of the Sigma Xi. This year 
it will be made by Theodosius Dobzhansky, Columbia Uni¬ 
versity zoologist and author of Genetics and origin of 
species* Dr. Dobzhansky has recently returned from 
South America and the subject of his illustrated lecture 
will be “Evolution in the Tropics.” George B. Pegram, 
vice president of Columbia University and president of 
The Society of the Sigma Xi, will preside at the session, 
to be held in the Statler Grand Ballroom, Tuesday eve¬ 
ning, December 27, at 8; 00 p.m. 

There will be an important forum on “Research and 
National Security” in the Statler’s Grand Ballroom, 
Thursday, December 29, at 10: 00 a.m. Detlev W. Bronk, 
president, The Johns Hopkins University, will preside; 
the speakers will include representatives of the armed 
forces and the ABC. 

AAAS Exhibits 

The AAAS Annual Science Exposition, larger and more 
diversified than ever before—70 exhibitors, 86 booths— 
will be held throughout the Week in the Penn Top and 
Salle Moderne, on the 18th floor of the Hotel Statler, 
and is open to all adults. Hours are 2: 00 p.m. to 6: 00 
p.m. Monday; 9:00 a.m. to 6; 00 p.m. Thursday and 
Friday; 0: 00 a.m. to 9: 00 p.m. Tuesday and Wednesday; 
and 9: 00 a.m, to 12: 00 m. Saturday. The exhibits will 
be listed and described in the Preconvention Issue of 
Science, 

Science-teaching exhibits will be displayed all day 
Thursday, December 29, in the Hotel New Yorker 's Grand 
Ballroom. There will be two sets of exhibits j (I) mate¬ 
rials and devices found useful in science teaching by sci¬ 
ence teachers in New York City; and (2) materials pt 
interest to science teachers, arranged by scientific institu¬ 
tions in and hear New "Stork (Sty. 

Visual displays illustrating the principles- of tetaviaften, 
•set up by the New York flacthm of the American Institute 
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of Electrical Engineers jointly with AAAS Section M, 
will occupy the East Boom of the Hotel McAlpin for 
three days, Wednesday, Thursday, and Friday, December 
28, 29, and 30, 

Exhibits of the American Society of Human Genetics 
will be on display all week in adjoining Parlors J and F, 
Hotel Governor Clinton. 

Technical demonstrations of three biological societies 
will be on display: American Society of Parasitologists— 
Schemer horn Hall, Booms 864, 903-913, Columbia Univer¬ 
sity, Wednesday afternoon, December 28, 2: 30-6: 00 
p.m.; American Society of Zoologists—Schemerhorn Hall, 
Booms 652-4554, Columbia University, Thursday after¬ 
noon, December 29, beginning 2: 00 p.m.; Genetics 
Society of America—Schemerhorn Hall, Rooms 903-913, 
Columbia University, Thursday afternoon, December 29, 
beginning 2: 00 pjn. 

AAAS Symposia 

Several symposia, joint meetings, and panel discussions 
that explore relatively neglected areas of scientific in¬ 
quiry, or survey current knowledge in a given Held, are 
des'gnufarl A A AS sponsored symposia. Such programs 
are helpful because they summarize the present status 
of research, focus attention upon critical points, and give 
direction to further research. Scientists well established 
in their fields and younger specialists have come to antici¬ 
pate AAAS sympoHitt and they have become an increas¬ 
ingly important aspect of the annual meetings of the 
Association. Not infrequently, such papers are gathered 
into symposium volumes. Typically, these programs 
originate in the minds of the able officers of the Asso¬ 
ciation ’s sections and are developed by them, individually 
or by committees. This year thfe Symposium Committee 
is composed of President Elvin C. Stakman, chairman; 
General Secretary Karl Lark-Horovitz; Walter C. Miles; 
and Assistant Administrative Secretary, Baymond L. 
Taylor, secretary. 

The problem of scheduling these symposia—several of 
them requiring four sessions—with a minimum of inter¬ 
ference with the regular paper-reading sessions of the 
participating societies, this year has largely been solved 
by grouping most of them on two successive days, Thurs¬ 
day and Friday, December 28 and 29. Even this, however, 
has requited the cooperation of the societies. It is 
planned for 1950 that all Association-sponsored symposia 
shall be grouped at the beginning or end of the six-day 
period of the meetings—an obvious advantage to those 
who may be particularly interested in the sessions of the 
participating societies or the symposia and no disadvan¬ 
tage to those who elect to stay for both. 

The ten Association-sponsored symposia of 1949 com¬ 
prise} 

1. Trends in Modern Science 

Tuesday morning, December 27, Grand Ballroom, Hotel 
New Yorker, at 19: 00 a.m. Arranged jointly by AAAS 
Cooperative Committee, American Nature Study Society, 
National Association of Biology Teachers, National Sci¬ 
ence Teachers Association; Karl larifc-ff orvviiz, bead, De¬ 
partment of Fby«kt, Purdue University, and General 


Secretary of the AAAS, in charge and presiding. Speak¬ 
ers: Lawrence L . Quill, head, Deportment of Chemistry, 
Michigan State College; Lincoln V. Domm, Department 
of Zoology, University of Chicago; and Elvin C, Stakman, 
chief, Division of Plant Pathology and Botany, Univer¬ 
sity of Minn e so ta. 

2. Science in General Education 

Thursday afternoon, December 29, Grand Ballroom, 
Hotel Statler, at 1: 30 p.m. Arranged by the AAAS * 
Cooperative Committee, Karl Lark-Horovitz, head, De¬ 
partment of Physics, Purduo University, in charge and 
presiding. Speakers: Karl McGrath , Commissioner of 
Education, U. 8. Office of Education; Paul B. Sears , 
chairman, Department of Botany, Oberlin College; Morris 
Meister, principal, Bronx High School of Science; and 
Karl Lark-Horovits , head, Department of Physics, Purdue 
University. 

3. Improvement of Scienee Instruction on the College 
Level: A Panel Discussion 

Thursday afternoon, December 29, Grand Ballroom, 
Hotel Statler, 3: 30 p.m. Elvin C . Stakman , chief, Divi¬ 
sion of Plant Pathology and Botany, University of Minne¬ 
sota, and President of the AAAS, in charge and presiding. 
Speakers: James B. Conant , president, Harvard Univer¬ 
sity ; IF. F. Loehwing, head, Department of Botany, Uni¬ 
versity of Iowa; Fernandas Payne, chairman, Department 
of Zoology, dean of the Graduate School, University of 
Indiana; and Alan Gregg, director of medical science, 
Rockefeller Foundation. 

4. The Present State of Physics 

Arranged by F. S. Brackett, chief, Low Energy Radia¬ 
tion Biology Section, National Institutes of Health, and 
Secretary of the AAAS Section B—Physics. Four ses¬ 
sions. 

1. Elementary Particles. Thursday afternoon, Decem¬ 
ber 29, Georgian Room, Hotel Statler, at 2: 00 p.m.; 
Gregory Breit, Physics Department, Yale University, 
presiding. Speakers: P. Kusch, Department of Physics, 
Columbia University ; E. P. Hey, Physics Department, 
University of Minnesota; and Jobes G. Street, Physics 
Department, Harvard University. 

2. Physics of the Solid State. Friday morning, De¬ 
cember 30, Georgian Room, Hotel Statler, at 9; 30 a.m.; 
F. S. Brackett, presiding Speakers: Karl Lark-HorovUs, 
head, Department of Physics, Purdue University; John 
IF. Bardeen, Bell Telephone Laboratories; and Arthur 
R. Von Hippel, Department of Electrical Engineers, 
Massachusetts Institute of Technology. 

3. Chemical Physics. Friday afternoon, December 30, 
Georgian Room, Hotel Statler, at 1:30 p.m.; Sterling 
Kendricks, U. S. Bureau of Plant Industry, presiding. 
Speakers: Peter W. Debye, Baker Chemical Laboratory, 
Cornell University; and Henry By ring, dean, Graduate 
School, University of Utah. 

4. Biophysics. Friday afternoon, December 80, Georg¬ 
ian Boom, Hotel Statler, at 3: 30 p.m.; Kenneth 5. Cole, 
Ngval Medical Center, Bethesda, presiding. Speakers: 
Frank Brink, Jr,, Department of Biophysics, The Johns 
Hopkins University ; and F. JSf, Johnson, Department of 
Siology, Princeton University. 
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5. Steroid Hormones and Sex Differentiation in Verte¬ 
brates 

Friday afternoon, December 30, Grand Ballroom, Hotel 
Statler, at 2: 00 pjn. Arranged by J. H, Bodine, head, 
Department of Zoology, Univeraity of Iowa and Secretary 
of A A AS Section F— Zoology, and £. V. Domm, Whit¬ 
man Laboratory of Experimental Zoology, University of 
Chicago. Boland K. Meyer, University of Wisconsin, 
* presiding. Speaker: Emil Witsch, Department of Zool¬ 
ogy, University of Iowa; Discussants: Clifford Grebstein, 
National Cancer Institute, and TV. J . Ever sole, Syracuse 
Univeraity; Speaker: L. V. Domm, Whitman Laboratory 
of Experimental Zoology, University of Chicago; Discus- 
eant: R, H. Wittier, director, Biological Laboratories, The 
Johns Hopkins Univeraity. Speaker: C. R. Moore , Whit¬ 
man Laboratory of Experimental Zoology, University of 
Chicago; Discussant: R. K. Bums, Jr., Department of 
Embryology, Carnegie Institution, Baltimore. 

6. The Kinsey Report and its Contributions to Related 
Fields 

Friday evening, December 30, Grand Ballroom, Hotel 
Statler, at 8: 00 p.m. Arranged by J . H, Bodine, head, 
Department of Zoology, University of Iowa, Secretary 
of AAA8 Section F—Zoology; George W. Corner, Gar- 
negie Institution, Baltimore, presiding. The speakers on 
this critique of the Kinsey Report are: Morris L> Ernst 
of the New York law firm, Greenbaum, Wolff and Ernst, 
for the field of law; Ralph Linton, Department of An¬ 
thropology, Yale University, for anthropology; Hugh J. 
Parry, the Anti-Defamation League, New York City, for 
the field of statistics; and Manfred 8, Guttmacher, chief 
medical officer, the Court House, Baltimore, Maryland, 
and also chairman of the American Psychiatric Asso¬ 
ciation Committee on Legal Aspects of Psychiatry, for 
the field of psychiatry. 

7. Botany in the Service of Man: A Panel Discussion 

Thursday afternoon, December 29, Winter Garden, 

Hotel McAlpin, at 2: 00 p.m. Arranged by Stanley A. 
Cain, botanist, Cranbrook Institute of Science, and Sec¬ 
retary of the A A AS Section G—Botany; William C. 
Steere, chairman, Department of Botany, University of 
Michigan, and Chairman of AAAS Section G, moderator. 
Speakers: Hazel K. 8tiebeling, in charge of the Food 
Economies Section, Bureau of Home Economics, U, S. 
Department of Agriculture; 8 . T. Dome, dean, School of 
Forestry and Conservation, University of Michigan; Gove 
Bambidge , special assistant to the director, Food and 
Agriculture Organisation of the United Nations; Knowles 
A. Ry arson, dean of the College of Agriculture, Univer¬ 
sity of California j and Prana Verdoom, editor, Chronica 
Botanioa. 

8. Nuclear Engineering 

Tuesday evening, December 27, Parlor I, Hotel Statler, 
at 7: 30 p.ra. Arranged jointly by Frank D. Garvin, 
Department of Mechanical Engineering, Illinois Institute 
of Technology, and Secretary of AAAS Section M~ Engi¬ 
neering, and Irving P. Orens, ohainnan of the Graduate 
Division, Newark ^ a joint pro¬ 

gram of Section M and the Newark College of Engi¬ 


neering. Irving P. Orens, presiding. Robert W. Van 
Houten, president of the Newark College of Engineering, 
will deliver an address of welcome. Speakers: W. R. 
Woolrioh, dean of engineering, University of Texas and 
Chairman of AAAS Section M; K. D. Nichols, Major- 
General, U. S. Amy; Conrad P . Straub, U. S. Health 
Service, Oak Ridge, Tennessee; and Irving P. Owns, 
chapman, Graduate Division, Newark College of Engi¬ 
neering. 

9. Television 


Arranged jointly by Fronk D. Carvin, Department ef 
Mechanical Engineering, Illinois Institute of Technology 
and Secretary of AAAS Section Engineering, and 
I, jff. Lattimer, American Telephone and Telegraph Com- 
. pany; a joint program of Section M and the New York 
Section of Electrical Engineers. Two sessions. 

1. Technology of Television. Wednesday evening, De¬ 
cember 29, Crystal Room of the Hotel McAlpin, at 8: 00 
p.m,; Round Table Discussion. John V . L . Hogan, presi¬ 
dent, Hogan Laboratories, Inc., moderator. Speakers: 
John E. Roe, supervisor, Television Engineering Group, 
Radio Corporation of America; R. M. Bowie , manager, 
Physics Laboratories, Sylvania Electric Products Com¬ 
pany; and T. T . Goldsmith, Jr., director of research, 
Allan B. DuMont Laboratories. 

2. Impact of Television on Society and Future Devel¬ 
opments. Thursday evening, December 29, Crystal Room 
of the Hotel McAlpin, at 8: 00 p.m.; Round Table Dis¬ 
cussion. W. L. Laurence, science reporter, The New York 
Times, moderator. Speakers: Sterling Fisher, manager of 
public affairs and education; National Broadcasting Com¬ 
pany ; Ricardo Muniz, general manager, Allan B. DuMont 
Laboratories; and Finley Carter, vice president in charge 
of engineering, Sylvania Electric Company, 

10. The Adrenal Cortex 

Arranged by Gordon K . Moe, Department of Pharma¬ 
cology, University of Michigan and Secretary of AAAS 
Section N—Medical Sciences and Subsection Nm—Medi¬ 
cine, Four sessions. 

1. Wednesday morning, December 28, Keystone Room, 
Hotel Statler, at 9:30 a.m.; J. 8. L . Browne, McGill 
Univeraity, presiding. Speakers: C. E. Li, University of 
California; C. N . H. Long, Yale University; J. W. Conn, 
University of Michigan; Floyd J2. Shelton, University of 
Montreal; Dwight J . Ingle, The Upjohn Company; and 
G. W . Wooley , Rosooe B. Jackson Memorial Laboratory- 

2. Thursday morning, December 29, Keystone Room, 
Hotel Statler at 0:30 a.m.; D, J, Ingle, The Upjohn 
Company, presiding. Speakers; Abraham White, Univer¬ 
sity of California; Frank L, Engel, Duke University; 
Thomas F. Dougherty, University of Utah; Burton L- 
Baker, University of Michigan; Roy O.Greep, Harvard 
University; Helm W> Deane, Harvard University; and 
Robert Gaunt, Syracuse University. 

3. Thursday afternoon, December 29, Keystone Room, 
Hotel Statler, at 8 : 00 p.m.; C, N, H. Long, Yale Unh 
versity, presiding. Speaker*: Alan Gregg, Rockefeller 
Foundation; Frederic C. Bartter, Massachusetts Genera* 
Hospital; J, $. L. Browne, McGill University; 
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IT, Kinsell, University of California; 0. U. Pearson, 
Sloan-Kettering Institute; and L. P, Bliel, Bloan-Ketter- 
ing Institute, 

4. Thursday evening, December 90, Keystone Boom, 
Hotel Statler, at 7: 30 p.m.; *7. B. Mote, Armour Labora¬ 
tories, presiding. Speakers: E. Venning, McGill Univer¬ 


sity; Konrad Dobriner, Sloan-Kettering Institute; B, L, 
Mason, Mayo Clinic; £. 0. Sprague, Mayo Foundation; 
M. B, Power, Mayo Foundation; A. C* Corcoran, Cleve¬ 
land Clinic Foundation; E. 8. Gordon, University of 
Wisconsin; and Hudson Boagland, Worcester Founda¬ 
tion for Experimental Biology. 


NEIVS 
and Notes 

Louis W. Hutchins, member of 
the staff of the Woods Hole Oceano¬ 
graphic Institution, has been ap¬ 
pointed director of the Bermuda 
Biological Station. Dr. Hutchins 
will still devote part of his time to 
Woods Hole, where his chief work 
has been directing Navy-financed 
studies on organisms causing fouling 
on marine vessels and structures. 

Karl T. Compton has resigned as 
Chairman of the Research and De¬ 
velopment Board of the National 
Military Establishment because of 
ill health. Pending the naming of a 
successor, President Truman an¬ 
nounced that the board would be 
headed, at Dr. Compton ’b suggestion, 
by Robert F, Rinehart as deputy 
chairman. 

Alfred H. Hausrath, Jr. has been 
appointed director of the Coopera¬ 
tive Test Division of Educational 
Testing Service, Princeton, New Jer¬ 
sey. He was formerly consultant on 
training and personnel administra¬ 
tion for the Foreign Military As¬ 
sistance Program of the Department 
of State. 

Roecoe F. Sanford has retired 
after more than 30 years of service 
as spectroscopist in Pasadena, at the 
Mt. Wilson and Palomar observa¬ 
tories. Before going to Mt. Wilson, 
Dr. Sanford had been stationed at 
observatories in Argentina for three 
years by the Carnegie Institution 
and in Chile for four years by Lick 
Observatory. At Mt. Wilson he 
pioneered the application of high dis¬ 
persion to variable and double stars 
and made notable photographs of 


the spectra of cool red “ carbon M 
stars. 

Granville A. Bennett, professor 
of pathology and chairman of the 
department, University of Illinois 
College of Medicine, will deliver the 
fourth Richard H. Jaff4 Memorial 
Lecture of the Institute of Medicine 
of Chicago on Friday evening, No¬ 
vember 25. Hi« subject will be “Re¬ 
active and Neoplastic Changes in 
Synovial Tissues. ’' 

John E. Barkley, supervisor of 
physical chemistry research at Ar¬ 
mour Research Foundation of Illi¬ 
nois Institute of Technology, is 
spending two weeks in London, con¬ 
sulting with British scientists on the 
latest developments in infrared pho¬ 
tocell research. Dr. Barkley has 
visited several laboratories in Eng¬ 
land and participated in field tests. 
He expects to return to the U. 8. 
about November 18, 

John M. Brookb&rt has recently 
resigned his position as assistant 
professor of physiology at North¬ 
western University Medical School 
to take up duties as associate pro¬ 
fessor of physiology at the Univer¬ 
sity of Oregon Medical School, Port¬ 
land, Oregon. 

Marshall J, Walker, formerly of 
the Alleghany Ballistics Laboratory 
and the National Bureau of Stand¬ 
ards, and Stephen S. Friedland, 
University of New Mexico physicist, 
ijave joined the staff of the Physics 
Department of the University of 
Connecticut. Dr. Friedland is plan¬ 
ning to build a mass spectrometer 
especially adapted for the analysis 
of biological materials. 

Oskar Baudisch, director of re¬ 
search at Saratoga Springs Com¬ 
mission, is spending the winter as a 
visiting investigator at the Scrlpps 
Institution of OceanographJ) Da 
Jolla, California. Dr. Baudisch is 
engaged in the organisation of a re¬ 


search program on trace elements in 
the sea and marine organisms. 

Visitors to U. S. 

F. C. Bawden, head of the Plant 
Pathology Department, Rothamsted 
Experimental Station, England, and 
author of the standard treatise, 
Plant viruses and virus diseases, will 
be a visiting lecturer at Yale Univer¬ 
sity during March, 1950. Mr, Baw- 
den will deliver a series of ten 
lectures on plant viruses under the 
auspices of the Yale Departments of 
Plant Science and of Microbiology. 
Following his residence at Yale, Mr. 
Bawden will visit laboratories and 
experiment stations throughout the 
country. Further information 
these lectures may be obtained from 
Prof. Henry P. Treffers, Director of 
Graduate Studies in Microbiology, 
Yale University. 

Luis Molina Johnson, director of 
the training station in tropical dis¬ 
eases in Boca del Rio, Vera Crus, 
spent a week in Washington, D. C. 
consulting with the World Health 
Organzation. Now in Ecuador, he 
will act as WHO consultant on ma¬ 
ternal and child health. 

Visitors at the National Bureau 
of Standards during the week of 
October 31-November 4 included! 
Auguttto Falcon de Gyves, engi¬ 
neer with the Geophysics Institute 
of the University of Mexico; G. G. 
Graham, chief, technical services, 
National Film Board Of Canada; 
Ricardo Mongea Lopez, director, 
Geophysics Institute of the Univer¬ 
sity of Mexico; T. Mylvaganam, 
irrigation engineer. Irrigation Lab¬ 
oratory, Department of Irrigation, 
Colombo, Ceylon; R. A. Smith, su¬ 
perintendent of Physics Department, 
Telecommunications Research Estab¬ 
lishment, Gt. Malvern, England; Al¬ 
fonso Vaca Alstons, engineer vrtiih 
the Geophysics Institute of the Uni* 
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varsity of Mexico; and Rafael J. 
Larntrca, Albino del Rosario, and 
CaHxto S. Rosal, members of the 
Philippine Coast and Geodetic Sur¬ 
vey, Manila* Philippine Islands. 

Giants and Awards 

Irving Langmuir, associate direc¬ 
tor of the General Electric Research 
Laboratory, recently became the seo- 
ond American scientist to receive 
the Mascart Medal, awarded trien- 
nially by the 8oci4t4 Francaise des 
Electricians to a scholar or engineer 
“who is distinguished by an en¬ 
semble of works on pure or applied 
electricity.” The American Insti¬ 
tute of Electrical Engineers made the 
presentation of the awaTd, for the 
year 1948, in behalf of the French 
organization. 

The Gordon McKay Endow¬ 
ment, established in 1909 “to pro¬ 
mote applied science” at Harvard 
University, granted $8,626,506 to 
the university this month, bringing 
to a total of $16,766,755 the amount 
Harvard has received from this 
source. The Faculty of Arts and 
Sciences will receive $2,000,000 of 
the latest grant, with the remainder 
to be allocated following a review of 
the entire Harvard program in ap¬ 
plied science and engineering. 

The Roebling Medal was awarded 
for distinguished achievement in the 
field of mineralogy to Herbert E. 
Merwin, Geophysical Laboratory, 
Washington, D. C., at the thirtieth 
annual meeting of the Mineralogioal 
Society of America in El Paso, 
Texas, November 10-12. 

The first John H. Potta Me¬ 
morial Award was given to Harry 
F. Olson, director of the RCA Acous¬ 
tical Research Laboratory at Prince¬ 
ton, New Jersey, by the Audio Engi¬ 
neering Society on October 28. The 
medal was given to Hr. Olson “for 
outstanding accomplishments In the 
field of audio engineering.” He is 
the author of Element* of aeouetioal 
engineering and X>ynamical analogies. 

The 1949 Sedgwick Memorial 
Medal has been granted by the 
American Public Health Association 
to Henry F. Vaughan, dean of the 
School of Public Health, University 
0$ Michigan. ^ V$$ghan was ac¬ 


tive in the organisation of the Na¬ 
tional Sanitation Foundation. 

The Sharp and Dohme Award of 

the American Physiological Society 
has been granted to Wallace O. Fenn, 
professor of physiology at the Uni¬ 
versity of Rochester. In addition to 
a stipend, the awarJ entitles Ur. 
Fenn to represent the society at the 
18 th International Physiologies 1 
Congress in Copenhagen, in August, 
I960. 

The Ipatieff Prize in Chemistry 
for 1950 has been awarded to Her¬ 
man E. Ries, Jr., research chemist at 
the Sinclair Refining Company Re¬ 
search Laboratories, Harvey, Illinois. 
The $8,000 award is given every 
three years to a scientist under 40 
for achievement in the study of 
catalysis or high pressure. 

Fellowships 

General Electric Company is ac¬ 
cepting applications for the year 
1950-51 for its Charles A. Coffin 
Fellowships in electricity, physics, 
and physical chemistry, and its Ger- 
ard Swope Fellowships in engineer¬ 
ing, industrial management, and the 
physical sciences. The fellowships, 
made from the corporation's Educa¬ 
tional Fund, include a stipend up to 
$1,500, and, if necessary, an addi¬ 
tional grant of $500 for special 
equipment. Loans up to $1,000 may 
also be granted. Applications must 
be filed before January 1 , 1950 f and 
are available through technical 
schools and universities or from A. 
D. Marshall, Secretary, General Elec¬ 
tric Educational Fund, Schenectady, 
New York. 

The National Research Council has 
announced the availability of RCA 
Predoetoral Fellowships in Elec¬ 
tronics for 1950. These fellowships, 
supported by the Radio Corporation 
of America, are designed to give 
special graduate training and ex¬ 
perience in research to young men 
and women who have demonstrated 
marked ability in electronics, either 
aa a branch of electrical or radio en¬ 
gineering, or. in that field of physics 
which treats the behavior of electrons 
in conductance phenomena. 

Applicants should have training iii 


electronics equivalent to that repre¬ 
sented by one year beyond th^ 
bachelor's degree, in a university of 
recognised merit in this field, and 
must be citizens of the U. S. 

Fellowships will be awarded at a 
regular meeting of the RCA Fellow¬ 
ship Board in March, 1950. Appli¬ 
cations must be filed on or before 
January 10, I960 . Unless otherwise 
arranged, tenure will begin in Sep¬ 
tember, 1950. 

National Research Fellowships 
in the Natural Sciences will be con¬ 
tinued in 1950. These fellowships, 
which are being offered for the 31st* 
consecutive year, are supported by. 
the Rockefeller Foundation to pro¬ 
mote fundamental research in the 
natural sciences. Fellowships are 
available in the fields of mathemat¬ 
ics, astronomy, physics, chemistry, 
geology, geophysics, paleontology, 
physical geography, botany, zoology, 
biochemistry, biophysics, agriculture, 
forestry, anthropology, and psychol¬ 
ogy. 

These fellowships are awarded to 
citizens of the U. S. or of Canada, 
and generally only to persons under 
35 years of age. The requirements 
for the doctorate must have been com¬ 
pleted prior to assuming the fellow¬ 
ship, and the fellow must have dem¬ 
onstrated a high order of ability in 
research. 

Fellowships will be awarded by the 
Natural Sciences Fellowship Board 
at its meeting in March, 1950. Ap¬ 
plications to be considered at this 
meeting should be filed on or before 
January 1, 1960 . Tenure of the 
fellowship may begin at any appro¬ 
priate time after the board meeting. 

Further information concerning 
these fellowship programs may be 
obtained from the Fellowship Office, 
National Research Council, 2101 Con¬ 
stitution Avenue, N.W., Washington 
25, D. C. 

Colleges and Universities 

California Inatltute of Technol¬ 
ogy's new hypersonic wind tunnel 
permits tests at a speed of more than 
ten times the velocity of sound. A 
guided missile designed with the aid 
of the new tunnel could travel a 
distance of f>600 miles in about an 
hour, well above ths top reekek sp$ed 
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so far reported. The Mach 10 tun¬ 
nel, operated under Amy Ordnance 
Department contract, will be used 
to obtain basic information about 
the design, performance, and Instru¬ 
mentation of tunnels for hypersonic 
speeds. 

Ohio State University’# new In¬ 
stitute for Research in Vision will 
have as codirectors Glenn A. Fry, di¬ 
rector of the School of Optometry, 
and Arthur M. Culler, chairman of 
the Department of Ophthalmology. 
The new research center will co- 
ordinate research in other fields be¬ 
sides optometry and ophthalmology. 
Among these will be physics, psy¬ 
chology, physiology, pediatrics, bac¬ 
teriology, anatomy, veterinary medi¬ 
cine, and zoology. 

A children's neurological ward has 
been opened at the Illinois Neuro¬ 
psychiatric Institute, Chicago. The 
medical Btaff for the ward will be 
provided by the College of Medicine 
of the University of Illinois. Erie 
Oldberg, professor of neurology and 
neurological surgery and head of the 
department, has been appointed 
supervisor. 

The University of Maine dedi¬ 
cated two new buildings last week. 
The Engineering Building will house 
the Civil and Mechanical Engineer¬ 
ing Departments, a highway testing 
laboratory, and geology classrooms. 
The Plant Science Building will be 
headquarters for the Departments 
of Botany and Entomology, Agron¬ 
omy, Horticulture and Forestry, and 
will also provide space for the Agri¬ 
cultural Experiment Station lab¬ 
oratories and the Maine Extension 
Service. 

Industrial Laboratories 

Bryan C. Redmon has been ap¬ 
pointed assistant director of organic 
chemical research by U. S. Industrial 
Chemicals, Inc., at the company's 
Baltimore laboratories. Dr. Redmon 
was formerly with American Cyan- 
amid Company and on the faculty of 
the University of Massachusetts. 

The U. S. Atomic Energy Com¬ 
mission has approved the export of 
a twoMev electrostatic x-ray gen¬ 
erator, for use in the treatment of 


cancer, to the Westminster Hospital, 
St. Johns Gardens, London. The 
fourth to be approved for export to 
England for radiation therapeutic 
usob during the past two years, the 
generator will be manufactured by 
the High Voltage Engineering Cor¬ 
poration, Cambridge, Massachusetts. 

The Sahyun Laboratories for 

research in medicinal chemistry, nu¬ 
trition, biochemistry, and pharmaceu¬ 
tical products were opened recently 
at Santa Barbara, California, by 
Melville Sahyun, formerly rice presi¬ 
dent and director of research of the 
Frederick Stearns and Company Di¬ 
vision of Sterling Drug, Inc. 

Meetings and Elections 

The fifth annual conference of 
the Georgia Section of the Ameri¬ 
can Chemical Society will be held 
at the Georgia Institute of Technol¬ 
ogy, Atlanta on November 18. 
Twenty-nine papers will be presented 
by scientists from Emory University, 
Georgia Institute of Technology, 
Wesleyan College, the Georgia Ex¬ 
periment Station, and the University 
of Georgia. 

A series of meetings devoted 
to the fundamental problems of 
growth and malignancy will be pre¬ 
sented throughout the winter by the 
Department of Pathology of the Col¬ 
lege of Medicine at the University of 
Vermont. All meetings will be at 8 
p.m. in the university f s Fleming 
Museum in Burlington. Charles B. 
Huggins, professor of surgery, Uni¬ 
versity of Chicago, will be the 
speaker at the first meeting on De¬ 
cember 2 with a lecture on * * Serum 
Proteins in Cancer . 11 

Other speakers scheduled are Leon* 
ell 0. Strong, professor of anatomy 
at Yale School of Medicine, to speak 
January 5 on "Genetics and Can¬ 
cer"; Albert J. Tannenbaum, Febru¬ 
ary 9, ,f Diet and Cancer"; Van R. 
Potter, professor of oncology, Uni¬ 
versity pf Wisconsin Medical School, 
March 2, t ‘ Enzymes, Growth, and 
Cancer"; Boy Hertz, chief of the 
Endocrinology Section of the Na¬ 
tional Cancer Institute, March 30, 
1 'Vitamin-Hormone Interrelation¬ 
ships Affecting Tissue Growth"; 
and Robert E. Stowell, professor of 


oncology, University of Kansas 
School of Medicine, May 4, "Nudeo- 
proteins, Growth, and Canoer." 

Hie Association of Urban Uni¬ 
versities, at its 35th annual meeting 
in Chicago on October 31, elected as 
president James Creese, president of 
the Drexel Institute of Technology, 
and as vice president David A,,. Lock- 
miller, president of the University of 
Chattanooga, and reelected David D. 
Henry, president of Wayne Univer¬ 
sity, as secretary-treasurer. 

The National Tuberculosis As¬ 
sociation will hold its 46th annual 
meeting April 24-28, 1950, at the 
Hotel Statler, Washington, D. C. 
Meeting concurrently with the NTA 
will be its Medical Section, the Amer¬ 
ican Trudeau Society, and the Na¬ 
tional Conference of Tuberculosis 
Secretaries. The medical sessions 
will be devoted to the chemotherapy 
of tuberculosis, surgical aspects of 
tuberculosis, laboratory investiga¬ 
tions, and nontuberculous diseases of 
the chest. Further information may 
be obtained by writing the Na¬ 
tional Tuberculosis Association, 1790 
Broadway, New York City 19. 

The Biennial Congress of the 
International Society of Hema¬ 
tology will be held August 21-26, 
1950, at the University of Cambridge 
in England. The Program Commit¬ 
tee is considering titles for papers 
and exhibits to be presented. Mate¬ 
rial should be submitted as soon os 
possible to I. Davidsohn, Mt. Sinai 
Hospital, Chicago, or 9. Mettier, 
University of California, San Fran¬ 
cisco. 

The Engineering Foundation 
elected the following officers at the 
annual meeting of its board: Boris 
A. B&khmeteff, consulting engineer 
and professor of civil engineering, 
Columbia University, chairman; and 
C. G. Suits, of General Electric Com¬ 
pany, vice chairman. Frank T. Sisco 
was reelected technical director, and 
John H. R, Arms, secretary. 

Dr. Bakhmeteff was also appointed 
chairman of the Executive Commit¬ 
tee, whose other members are John 
H. R. Arms, C. G, Suits, A. B. Ktn- 
sel, vice president of the Union Car¬ 
bide and Carbon Research ; Labora¬ 
tories, Inc., Herman Weiaberg, me- 
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ehanleal engineer in the Electrical 
engineering Department of the Pub- 
Uc Service Company of New Jersey, 
and D. A. Quarles, vice president of 
the Bell Telephone Laboratories, 
Inc. 

The Research Procedure Commit¬ 
tee also will be headed by Dr. Bakh- 
meteff. Other members are E, R. 
Kaiser, assistant director of research, 
Bituminous Coal Research, Inc., Ker¬ 
man Weisberg, and 0. G. Suits. 

Deaths 

Gebhard Stegeman, 59, profes¬ 
sor of chemistry at the University of 
Pittsburgh, and a member of the 
staff since 1919, died of a heart at- 
tack September 5 at his home in 
Pittsburgh. Dr. Stegeman *n most re¬ 
cent research was on the specific heat 
of sugar* 

Earl O. Wilton, 59, professor of 
industrial and engineering chemistry 
at Touching University, Peiping, for 
21 years, died September 30 at 
Covina, California. During the war, 
Dr. Wilson was interned by the 
Japanese at Weihsien in Shantung 
and was later repatriated. He re¬ 
tired in 1944 because Of ill health. 

Sterling Henry Diggs, chemist, 
died at his home in Charlottesville, 
Virginia, on September 5, at the age 
of 70. Dr. Diggs was director of re¬ 
search for the Standard Oil Com¬ 
pany of Indiana at Casper, Wyo¬ 
ming, from 1923 until his retirement 
in 1940* 

Royall O. Davit, 69, administra¬ 
tive assistant in the Soils Division 
of the Agriculture Department’s 
Bureau of Plant Industry died Octo¬ 
ber 30 of a heart attack. During 
World War II, Dr. Davis conducted 
research for the U. 8. Army on the 
fire and explosion hazards of am¬ 
monium nitrate. 


The National Registry of Rare 
Chemicals, 35 West 33rd Street, Chi¬ 
cago 16, Illinois, has submitted the 
following Bat of wanted chemicals: 
berbamine; isatin chloride; jervine; 
1,3 - bis - (3 - methyl - 4 * nitre - 5 - 
pytaxolyl) -1,2,4-triaiok ; sifce car¬ 
bide; l^dih^ooeteike; 1,9-diiodo* 
nonane; 4-bromoeyctobexanone; 4- 


methyl - 4 - bromocyelohexanone; 5 • 

aminocaproie acid; 7-aminocaprylic 
acid; 4,6-diaminoquinaldine; difluo- 
rochloroacetic acid; p-aminohexahy- 
drobencoic acid; 4-hydroxymethyli- 
midazole; pyridine-3,5-dicar boxy Uc 
acid; 2,5 - dime reap tothiofiiazole; 
sphaerophorin; atraric %cid; and l- 
a-glycerylphosphorylcholine, 

Edward Pyddoke, curator of the 
Sussex Archaeological Society in 
England, informs Science that ha is 
searching for archaeological and 
paleontological material excavated 
from Kent ’a Cavern, Torquay, 
Devonshire, during the 19th century. 
There is no complete catalogue and 
he believes much of the material has 
found its way into museums and 
private collections. Dr. Pyddoke is 
compiling an illustrated monograph 
at the request of the British Associa¬ 
tion for the Advancement of Science. 
Communications should be sent to 
him in care of the Sussex Archaeolog¬ 
ical Society, Barbican House, Lewes, 
England. 

The Mathematics Department of 
Harvard University expects to have 
one or two vacancies in the rank of 
Benjamin Peirce Instructor begin¬ 
ning in the fall of 1950. Appoint¬ 
ments are for a maximum period of 
three years. Applications should 
reach the department prior to Maroh 
15 t 1950. 

Units of Radioactivity. In No¬ 
vember, 1947, a joint committee of 
the Divisions of Chemistry and 
Chemical Technology and of Mathe¬ 
matical and Physical Sciences of the 
National Research Council was ap¬ 
pointed to make recommendations 
regarding standards and unite of 
radioactivity. This committee unan¬ 
imously adopted the recommenda¬ 
tions quoted below. The committee 
would like to point out that these 
recommendations effectively divorce 
the curie from the^isintegration rate 
of radium by assigning to the former 
an arbitrary magnitude (3,7x10*0 
dis/sec) approximately equal to the 
disintegration rate of radium. This 
arbitrary figure is therefore not in¬ 
fluenced by any future revisions of 
the generally accepted disintegration 
rate of radium, This recommenda¬ 
tion has been submitted to the Joist 


Commission on Standards, Units, and 
Constants of Radioactivity of the 4 
International Unions of Chemistry 
and Physics for the purpose of ob¬ 
taining international agreement. 

This changes, slightly, the mean¬ 
ing of the curie when applied to ra¬ 
dium. Por example, 1 curie of radon 
is no longer, on the basis of these 
recommendations, the amount in 
equilibrium with 1 gram of radium, 
but is the amount undergoing 3,7 ' 
x 10*0 dlsintegreftions per second. 
Similarly, 1 mg and 1 me of radium 
are no longer rigorously synonymous. 
This distinction has a number of pre¬ 
cedents in physics; for example, the 
international ampere, now abolished, 
w&b not quite equal to the absolute 
ampere and the angstrom unit is 
nearly, but not quite, equal to 1000 
x-units. 

“curie The curie should be de¬ 
fined as that quantity of any radio¬ 
active species (radioisotope) under¬ 
going exactly 3.706 x 10 10 disintegra¬ 
tions per second .’ 1 

“rutherford The rutherford should 
be defined as that quantity of any 
radioactive species (radioisotope) 
undergoing 10* disintegrations per 
second. * * 

“rhm For the quantitative com¬ 
parison of radioactive sources emit¬ 
ting gamma rays, for which disin¬ 
tegration rates cannot be determined, 
the roentgen per hour at one meter 
(rhm) is recommended. This is not 
essentially a new unit, since all units 
involved are well established, ex¬ 
plicitly defined, and are in common 
usage. 1 ' 

The recommendation of this latter 
unit is a practical step to insure that, 
by its use, gamma ray measurements 
are so made with instruments and 
under Buch conditions that measure¬ 
ments on a given isotope (nuclear 
species) made in any laboratory will 
be directly comparable with similar 
measurements made in other labora¬ 
tories, This will result if the pro¬ 
cedures used comply with the defini¬ 
tion of the unit; that is, a source is 
1 rhm if it produces 1 roentgen per 
hour at a distance of I meter. 

L. F. Cuwrigs, Ohotsnum, 

R. D. Evans, Wauik Johnso n, 
Glknk T. SKAaoau 
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Sickle Cell Anemia, a Molecular Disease 1 

Linus Pauling, Harvey A. Itano, a S. J, Singer, 0 and Ibert C. Wells 3 

Gates and Crellin Laboratories of Chemistry t 
California Institute of Technology, Pasadena , California* 


T HE ERYTHROCYTES of certain individuals 
possess the capacity to undergo reversible 
changes in shape in response to changes in the 
partial pressure of oxygen. When the oxygen 
pressure is lowered, these cells change their forms from 
the normal biconcave disk to crescent, holly wreath, 
and other forms. This process is known as sickling. 
About 8 percent of American Negroes possess this 
characteristic; usually they exhibit no pathological 
consequences ascribable to it. These people are said 
to have sicklemia, or sickle cell trait. However, about 
1 in 40 (4) of these individuals whose cells are capable 
of sickling suffer from a severe chronic anemia re¬ 
sulting from excessive destruction of their erythro¬ 
cytes; the term sickle cell anemia is applied to their 
condition. 

The main observable difference between the erythro¬ 
cytes of sickle cell trait and sickle cell anemia has been 
that a considerably greater reduction in the partial 
pressure of oxygen is required for a major fraction 
of the trait cells to sickle than for the anemia cells 
(11). Tests in vivo have demonstrated that between 
30 and 60 percent of the erythrocytes in the venous 
circulation of sickle cell anemic individuals, but less 
than 1 percent of those in the venous circulation of 
sicklemic individuals, are normally sickled. Experi¬ 
ments in vitro indicate that under sufficiently low oxy¬ 
gen pressure, however, all the cells of both types as¬ 
sume the sickled form. 

The evidence available at the time that our investi¬ 
gation was begun indicated that the process of sick¬ 
ling might be intimately associated with the state and 
the nature of the hemoglobin within the erythrocyte. 
Sickle cell erythrocytes in which the hemoglobin is 
combined with oxygen or carbon monoxide have the 
biconcave disk contour and are indistinguishable in 

1 This research was carried cut with the aid of a grant 
from the United States Public Health Service. The authors 
are grateful to Professor Ray D. Owen, of the Biology Di¬ 
vision of this Institute, for his helpful suggestions. We are 
Indebted to Dr. Kdwurd B. Evans, of Pasadena, Dr. Travis 
Wlnsor, of Los Angeles, and Dr. 0. E. Burch, of the Tulane 
University School of Medicine, New Orleans, for their aid In 
obtaining the blood used In these experiments. 
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that form from normal erythrocytes. In this condi¬ 
tion they are termed promeniscocytes. The hemo¬ 
globin appears to be uniformly distributed and ran¬ 
domly oriented within normal cells and promenisco- 
cytes, and no birefringence is observed. Both types 
of cells are very flexible. If the oxygen or carbon 
monoxide is removed, however, transforming the hemo¬ 
globin to the uncombined state, the promeniscocytes 
undergo sickling. The hemoglobin within the sickled 
cells appears to aggregate into one or more foci, and 
the cell membranes collapse. The cells become bire- 
fringent (11) and quite rigid. The addition of oxy¬ 
gen or carbon monoxide to these cells reverses these 
phenomena. Thus the physical effects just described 
depend on the state of combination of the hemoglobin, 
and only secondarily, if at all, on the cell membrane. 
This conclusion is supported by the observation that 
sickled cells when lysed with water produce discoidal, 
rather than sickle-shaped, ghosts (10). 

It was decided, therefore, to examine the physical 
and chemical properties of the hemoglobins of indi¬ 
viduals with sicklemia and sickle cell anemia, and to 
compare them with the hemoglobin of normal indi¬ 
viduals to determine whether any significant differ¬ 
ences might be observed. 

Experimental Methods 

The experimental work reported in this paper deals 
largely with an electrophoretic study of these hemo¬ 
globins. In the first phase of the investigation, which 
concerned the comparison of normal and sickle cell 
anemia hemoglobins, three types of experiments were 
performed: 1) with carbonmonoxyhemoglobins; 2) 
with uncombined ferrohemoglobins in the presence of 
dithionite ion, to prevent oxidation to methemoglo- 
bins; and 3) with carbonmonoxyhemoglobins in the 
presence of dithionite ion. The experiments of type 
3 were performed and compared with those of type 1 
in order to ascertain whether the dithionite ion itself 
causes any specific electrophoretic effect. 

Samples of blood were obtained from sickle cell 
anemic individuals who had not been transfused within 
three months prior to the time of sampling. Stroma- 
free concentrated solutions of human adult hemoglobin 
Were prepared by the method used by Drabkin (5); 
these solutions were diluted just before use with the 
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Appropriate buffer until the hemoglobin ooncentrationa concentrated solutions with this dithiooite-containing 


were close to 0.5 grams per 100 milliliters, and then 
were dialyzed against large volumes of these buffers 
for 12 to 24 hours at 4° C. The buffers for the ex¬ 
periments of types 2 and 3 were prepared by adding 
300 ml of 0.1 ionic strength sodium dithionite solu- 
Hon to 3.5 liters of 0.1 ionic strength buffer. About 
100 ml of 0.1 molar NaOH was then added to bring 
the pH of the buffer back to its original value. Fer- 
rohemoglobin solutions were prepared by diluting the 



Fig. 1. Mobility (u)-pH curves for carboDmonoxyhemo- 
globlns In phosphate buffers of 0.1 ionic strength. The black 
circles and black squares denote the data for experiments 
performed with buffers containing dithionite Jon. The open 
square designated by the arrow represents an average value 
of 10 experiments on tbe hemoglobin of different Individuals 
with sickle cell anemia. The mobilities recorded in this 
graph are averages of the mobilities In the ascending and 
descending limbs. 



P« 


*W. Mobility (jO -pH corves for ferrohemogloblns la 

PMtpMts buffers of 0.1 tonic strength containing dithionite 
M** TbeiapWJities recorded in the graph are averages of 
fc mebtMtes in the ascending and descending limbs. 


buffer and dialyzing against it under u nitrogen atmos¬ 
phere. The hemoglobin solutions for the experiments 
of type 3 were made up similarly, except that they 
were saturated with carbon monoxide after dilution 
and were dialyzed under a carbon monoxide atmos¬ 
phere. The dialysis bags were kept in continuous 
motSm in the buffers by means of a stirrer with a 
mercury seal to prevent the escape of the nitrogen 
and carbon monoxide gases. 

The experiments were carried out in the modified ' 
Tiselius electrophoresis apparatus deicribed by Swingle 
(14 ). Potential gradients of 4.8 to 8.4 volts per centi- 
.meter were employed, and the duration of the runs 
varied from 6 to 20 hours. The pH values of the 
buffers were measured after dialysis on samples which 
hud come to room temperature. 

Results 

The results indicate that a significant difference ex¬ 
ists between the electrophoretic mobilities of hemo¬ 
globin derived from erythrocytes of normal individuals 
and from those of sickle cell anemic individuals. The 
two types of hemoglobin are particularly easily dis¬ 
tinguished as the carbonmonoxy compounds at pH C.9 
in phosphate buffer of 0.1 ionic strength. In this 
buffer the sickle cell anemia carbonmonoxyhemoglobin 
moves as a positive ion, while the normal compound 
moves as a negative ion, and there is no detectable 
amount of one type present in tbe other. 4 The hemo¬ 
globin derived from erythrocytes of individuals with 
sicklemia, however, appears to be a mixture of the 
normal hemoglobin and sickle cell anemia hemoglobin 
in roughly equal proportions. Up to the present time' 
the hemoglobins of 15 persons with sickle cell anemia, 

8 persons with sicklemia, and 7 normal adults have 
been examined. The hemoglobins of normal adult 
white and negro individuals were found to be indiflr 
tinguishable. 

The mobility data obtained in ikiMliqpilmto of 

0.1 ionic strength and various vahjgfe MCC aum^ 

marized in Figs. 1 and 2. 6 ;; 

4 Occasionally small amounts (less 
total protein) of material with mobUlt||w |^ i| ^| thbtt 
of either kind of hemoglobin were foriTtr 

tainted hemoglobin preparations. . 

tlons of Stern. Reiner, and Sllber mgwpt W * 

component with a mobility smaUer ttan Sgt of oxyhemo¬ 
globin is present in human erythrocyte hemolysates. 

* The results obtained-with-carbonmonoxy hemoglobins with 
and without dltfaionit# ton la the buffers Indicate that the 
dithionite Ion plays ho significant role In the electrophoretic 
properties of the proteins. It Is therefore of interest that 
ferrohentoglobin was found to have a lower isoelectric point 
in phosphate buffer than carbon m on oxyhemoglobin. Tltm- 
tlon studies have indicated ts t f) that oxyhemoglobin 
lar in electrophoretic properties to the catimnmoymxy 
pound) has a lower isoelectric point than ferrohemoglobln la 
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The isoelectric points are listed in Table 1. These re¬ 
sults prove that the electrophoretic difference between 
normal hemoglobin and sickle cell anemia hemoglobin 

TABLK 1 

180EM4CTKIC 1*01 NTS IN PHOSPHAT* BCPETBk, JA <* 0.1 
Compound Normal Dlffcronee 


CnrboiininitoxylitimOKlobln 6.87 7.<M> 0,22 

Ferrohemofirlobln . 6,87 7.09 0.22 

exists in both fevrohemoglobin and carbonmonoxy¬ 
hemoglobin. We have also performed several experi¬ 
ments in a buffer of 0.1 ionic strength and pH 0.52 
containing 0.08 M NaCl, 0.02 h sodium caeotfylatc, and 
0.0083 m cacodylic acid. In this buffer the average 
mobility of sickle cell anemia carbon monoxyhemo¬ 
globin is 2.63 x 10“\ and that of normal carbonmon- 
oxyhemoglobin is 2.23x10-*' cm/sec per volt/cm. 0 



b) Sickle Celt Anemia d) 50-50 Mixture of a) and b) 

Fig, 3. Longfiworth wcannlug dlugninm of carbotimon- 
oxyheutoglobiuH In phosphate buffer of O.l ionic utrongth and 
pH 6.90 taken aftor 20 Lours’ electrophoresis nt a potential 
gradient of 4.73 volts/em. 

These experiments with a buffer quite different from 
phosphate buffer demonstrate that the difference be¬ 
tween the hemoglobins is essentially independent of 
the buffer ions. 

Typical Longsworth scanning diagrams of experi¬ 
ments with normal, sickle cell anemia, and sicklemia 
carbonmonoxyhemoglobins, and with a mixture of the 
first two compounds, all in phosphate buffer of pH 
0.90 and ionic strength 0.1, are reproduced in Fig. 3. 
It is apparent from this figure that the sicklemia mate¬ 
rial contains leas than 50 percent of the anemia com¬ 
ponent. In order to determine this quantity accu¬ 
rately some experiments at a total protein concentra¬ 
te® Absence of other lotts. The** result* might be reconciled 
by aamuttlag that the ferrous Iron of ferrohemogloMfi form* 
complexes with phosphate Ions which cannot be termed when 
the iron is combined With oxygen or carbon monoxide. We 
propose to continue the’•tody of this phenomenon. 

* The mobility data Show that in 0*1 ionic strength woody* 
late hatters the isoelectric points of the hemoglobins are 
increased about 9,8 pH unit over their values in 04 ionic 
stTeuffth phosphate buffers. This effect U slmllar to that 
olMrved by I*ongswortfc in hie study of bvalbUniin (7) 


tion of 1 percent were performed with known mixtures 
of sickle cell anemia and normal earbonmonoxyhemo- 
globing in the cacodyl ate-sodium chloride buffer of 0.1 
ionic strength and pH 0.52 described above. This 
buffer was chosen in order to minimise the anomalous 
electrophoretic effects observed in phosphate buffers 
( 7 ). Since the two hemoglobins were incompletely 
resolved after 15 hours of electrophoresis under a 
potential gradient of 2.79 volts/cm, the method of 
Tiselius and Kabat (16) was employed to allocate the 



ACTUAL PCftaENTAOE 

SICKLE CELL ANEMA CAfWONMOWMtYHCMOOLjOWN 

Fio. 4. Tho determination of the percent of sickle cell 
anemia rarbon mono xy hemoglobin In known mixtures of the 
protein with normal rarbonmonoxyheinoKlobln by moan* of 
electrophoretic analysis. The experiments were performed 
In a cacodylate sodium chloride buffer described to the text. 

areas under the peaks in the electrophoresis diagrams 
to the two components. In Fig. 4 there is plotted the 
percent of the anemia component calculated from the 
areas so obtained against the percent of that com¬ 
ponent in the known mixtures. Similar experiments 
were performed with a solution in which the hemo¬ 
globins of 6 sicklemia individuals were pooled. The 
relative concentrations of the two hemoglobins were 
calculated from the electrophoresis diagrams, and the 
actual proportions were then determined from the plot 
of Fig. 4. A value of 39 percent for the amount of 
the sickle cell anemia component in the sicklemia 
hemoglobin was arrived at in this maimer. From the 
experiments we have performed thus far it appears 
that this value does not vary greatly from one siek- 
lemic individual to another, but a more extensive study 
of this point is required: 

Up to this stage we have assumed that one of the 
two components of sicklemia hemoglobin is identical 
with sickle cell anemia hemoglobin 
identical with the normal compound. Aside from the 
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genetic evidence which makes this assumption very 
probable (see the discussion section), electrophoresis 
experiments afford direct evidence that the assumption 
is valid. The experiments on the pooled sicklemia 
carbonmonoxyhemoglobin and the mixture containing 
40 percent sickle cell anemia carbonmonoxyhemoglobin 
arid 60 percent normal carbonmonoxy hemoglobin in 
the cneodylute-sodium chloride buffer described above 
were compared, and it was found that the mobilities 
of the respective components were essentially iden¬ 
tical. 7 Furthermore, wp have performed experiments 
in'which normal hemoglobin was added to a sicklemia 
preparation and the mixture was then subjected to 
electrophoretic analysis. Upon examining the Longs - 
worth scanning diagrams we found that- the area under 
the peak corresponding to the normal component had 
increased by the amount expected, and that no indi¬ 
cation of a new component could be discerned. Sim¬ 
ilar experiments on mixtures of sickle cell anemia 
hemoglobin and sicklemia preparations yielded similar 
results. These sensitive tests reveal that, at least 
electrophoretically, the two components in sicklemia 
hemoglobin are identifiable with sickle cell anemia 
hemoglobin and normal hemoglobin. 

Discussion 

1 ) On the Nature of the Difference between Sickle 
Cell Anemia Hemoglobin and Normal Hemoglobin : 
Having found that, the electrophoretic mobilities of 
sickle cell anemia hemoglobin and normal hemoglobin 
differ, we are left with the considerable problem of 
locating the cause of the difference. It is impossible 
to ascribe the difference to dissimilarities in the par¬ 
ticle weights or shapes of the two hemoglobins in solu¬ 
tion : a purely frictional effect would cause one species 
to move more slowly than thy other throughout the 
entire pH range and would not produce a shift in 
the isoelectric point. Moreover, preliminary velocity 
ultracentrifuge 8 and free diffusion measurements indi¬ 
cate that the two hemoglobins have the same sedimen¬ 
tation and diffusion constants. 

The most plausible hypothesis is that there is a dif¬ 
ference in the number or kind of ioniaable groups in 
the two hemoglobins. Let us assume that the only 
groups capable of forming ions which are present in 
carbonmonoxyhemoglobin are the carboxyl groups in 
the heme, and the carboxyl, imidazole, amino, phenolic 
hydroxyl, and guanidino groups in the globin. The 
number of ions nonspecifleally adsorbed on the two 
proteins should be the same for the two hemoglobins 

7 Th* patterns were'very eUtf&tly different In that the 
known mixture contained 1 percent mote of the tickle cell 
anemia component than did the sickle cell trait material. 

* We are Indebted to Dr. M. Mnskowite. of the Chemistry 
Department, University of California at Berkeley, for per¬ 
forming the nlttwmntrlfaire experiments tor n«. 


under comparable conditions, and they may be neg^ 
looted for our purposes. Our experiments indicate 
that the net number of positive charges (the total 
number of cationic groups minus the number of 
unionic groups) is greater for sickle cell anemia hemo¬ 
globin than for normal hemoglobin in the pH region 
neai^their isoelectric points. 

According to titration data obtained by us, the acid- 
base titration curve of normal human carbonmonoxy¬ 
hemoglobin is nearly linear in the neighborhood of the 
isoelectric point of the protein, and^ a change of one 
pH unit in the hemoglobin solution in this region is 
associated with a change in net charge on the hemo¬ 
globin molecule of about 13 charges per molecule. 
The same value was obtained by German and Wyman 
(5) with horse oxyhemoglobin. The difference in iso¬ 
electric points of the two hemoglobins under the con¬ 
ditions of our experiments is 0.23 for ferrohemoglobin 
and 0.22 for the carbonmonoxy compound. This dif¬ 
ference corresponds to about 3 charges per molecule. 
With consideration of our experimental error, sickle 
cell anemia hemoglobin therefore has 2-4 more net 
positive charges per molecule than normal hemoglobin. 

Studies have been initiated to elucidate the nature 
(of this charge difference more precisely. Samples of 
porphyrin dimethyl esters have been prepared from 
normal hemoglobin and sickle cell anemia hemoglobin. 
These samples were shown to be identical by their 
x-ray powder photographs and by identity of their 
melting points and mixed melting point. A sample 
made from sicklemia hemoglobin was also found to 
have the same melting point. It is accordingly prob¬ 
able that normal and sickle cell anemia hemoglobin 
have different globins. Titration studies and amino 
acid analyses on the hemoglobins are also in progress. 

2) On the Nature of the Sickling Process : In the 
introductory paragraphs we outlined the evidence 
which suggested that the hemoglobins in sickle cell 
anemia and sicklemia erythrocytes might be respon¬ 
sible for the sickling process. The fact that the 
hemoglobins in these cells have now been found to be 
different from that present in normal red blood oells 
makes it appear very probable that this is indeed so. 

We can picture the mechanism of the sickling 
process in the following way. It is likely that it is 
the globins rather than the hemes of the two hemo¬ 
globins that are different. . Let us propose that there 
is a surface region on the globin of the sickle cell 
anemia, hemoglobin molecule which is absent in the 
normal molecule and which has a configuration com¬ 
plementary to a different region of the surface of the 
hemoglobin molecule. This situation would be some¬ 
what analogous tp that which very probably ezists |si 
antigen^antihody Teactions (P). The faet 
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Hug occurs only when the partial pressures of oxygen 
and carbon monoxide are low suggests that one of 
these sites is very near to the iron atom of one or 
more of the hemes, and that when the iron atom is 
combined with either one of these gases, the comple¬ 
menter in ess of the two structures is considerably di¬ 
minished. Under the appropriate conditions, then, 
the sickle cell anemia hemoglobin molecules might bo 
capable of interacting with one another at these sites 
sufficiently to cause at least a partial alignment of the 
molecules within the cell, resulting in the erythrocyte’s 
becoming birefringent, and the cell membrane’s being 
distorted to accommodate the now relatively rigid 
structures within its confines. The addition of oxygen 
or carbon monoxide to the cell might reverse these 
effects by disrupting some of the weak bonds between 
the hemoglobin molecules in favor of the bonds formed 
betw<H»n gas molecules and iron atoms of the hemes. 

Since all sicklemia erythrocytes behave more or less 
similarly, and nil sickle at a sufficiently low oxygen 
pressure {11), it appears quite certain that normal 
hemoglobin and sickle cell anemia hemoglobin coexist 
within each sicklemia cell; otherwise there would be a 
mixture of normal and sickle cell anemia erythrocytes 
in sicklemia, blood. We might expect that the normal 
hemoglobin molecules, lacking at least one type of 
complementary site present on the sickle cell anemia 
molecules, and so being incapable of entering into the 
chains or three-dimensional frameworks formed by 
the latter, would interfere with the alignment of these 
molecules within the sicklemia ervthrocyto. Lower 
oxygen pressures, freeing more of the complementary 
sites near the hemes, might be required before suffi¬ 
ciently large aggregates of sickle cell anemia, hemo¬ 
globin molecules could form to cause sickling of the 
erythrocytes. 

This is in accord with the observations of Sherman 
(11), which were mentioned in the introduction, that 
a large proportion of erythrocytes in the venous cir¬ 
culation of persons with sickle cell anemia are sickled, 
but that very few have assumed the sickle forms in 
the venous circulation of individuals with sicklemia. 
Presumably, then, the sickled cells in the blood of per¬ 
sons with sickle cell anemia cause thromboses, and 
their increased fragility exposes them to the action of 
reticulo-endothelial cells which break them down, re¬ 
sulting in the anemia (I). 

It appears, therefore, that while some of the details 
of this picture of the sickling process are as yet con¬ 
jectural, the proposed mechanism is consistent with 
experimental observations at hand and offers a chemi¬ 
cal and physical basis for many of them, Further¬ 
more, if it is correct, it supplies a direct link between 
the existence of^defective” hemoglobin molecules and 
the pathological consequences of sickle cell disease* 


3) On the Genetics of Sickle Cell Disease: A genetic 
basis for the capacity of erythrocytes to sickle was 
recognized early in the study of this disease (4). 
Taliaferro and Huck (45) suggested that a single 
dominant gene was involved, but the distinction be¬ 
tween sicklemia and sickle cell anemia was not clearly 
understood at the time. The literature contains con¬ 
flicting statements concerning the nature of the genetic 
mechanisms involved, but recently Neel (6’) has re¬ 
ported mi investigation which strongly indicates that 
the gene responsible for the sickling characteristic is 
in heterozygous condition in individuals with sicklemia, 
and homozygous iu those with sickle cell anemia. 

Our results had caused uh to draw this inference 
before Neel’s paper was published. The existence of 
normal hemoglobin and sickle cell anemia hemoglobin 
in roughly equal proportions in sicklemia hemoglobin 
preparations is obviously in complete accord with this 
hypothesis, Jn fact, if the mechanism proposed above 
to account for the sickling process is correct, we can 
identify the gene responsible for the sickling process 
with one of an alternative pair of alleles capable 
through some series of reactions of introducing the 
modification into the hemoglobin molecule that dis¬ 
tinguishes sickle cell anemia hemoglobin from the 
normal protein. 

The results of our investigation are compatible with 
a direct quantitative effect of this gene pair; in the 
chromosomes of a single nucleus of a normal adult 
somatic cell there is a complete absence of the sickle 
cell gene, while two doses of its allele are present; in 
the sicklemia somatic cell there exists one dose of each 
allele; and in the sickle cell anemia somatic cell there 
are two doses of the sickle cell gene, and a complete 
absence of its normal allele. Correspondingly, the 
erythrocytes of these individuals contain 100 percent 
normal hemoglobin, 40 percent sickle cell anemia 
hemoglobin and 60 percent normal hemoglobin, and 
100 percent sickle cell anemia hemoglobin, respec¬ 
tively. This investigation reveals, therefore, a clear 
case of a change produced in a protein molecule by an 
allelic change iu a single gene involved in synthesis. 

The fact that sicklemia erythrocytes contain the 
two hemoglobins in the ratio 40: 60 rather than 50: 60 
might be accounted for by a number of hypothetical 
schemes. For example, the two genes might compete 
for a common substrate in the synthesis of two differ¬ 
ent enzymes essential to the production of the two 
different hemoglobins. In this reaction, the sickle cell 
gene would be less efficient than its normal allele. Or, 
competition for a common substrate might occur at 
some later stage in the series of reactions leading to 
the synthesis of the two hemoglobins. Mechanisms of 
this sort are discussed in more elaborate detail by 
Stern (13). 
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The results obtained in the present study suggest anemias be examined for the presence of abnormal 
that the erythrocytes of other hereditary hemolytic hemoglobins. This we propose to do. 

Based on a paper presented at the meeting of the National Academy of 
Sciences in Washington , V. C. } in April, 1949 , and at the meeting of the 
American Society of Biological Chemists in Detroit in April , 1949. 
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Historical Botanical Collections of the American 
Philosophical Society and the Academy of 
Natural Sciences of Philadelphia 

Francis W, Pennell, 

Academy of Natural Scieucet, Philadelphia 

The Academy of Natural Sciences of Philadelphia is 
the depository of the largest series of early botanical 
collections preserved in the New World. These are plants 
gathered either in the latter half of the 18th or the first 
third of the 19th century , and they belong in equal degree 
to the Academy itself and to the American Philosophical 
Society, which deposited its collections with the Academy 
in 1897. Leading series are those from Francis Masson, 
who was in South Africa with Thun berg from 1786 to 
1795 (ANSP); from Antoine Foitcau, in Haiti from 
1790 to 1800 (ANSP); from Henry Muhlenberg, as¬ 
sembler from about 1780 to 1815 of the largest early 
herbarium in our country (APS); from Benjamin Smith 
Barton, at University of Pennsylvania from 1789 to his 
death in 1815, with collections made by John Wood in 
Australia in 1788, by Frederick Pursh in Virginia and 
elsewhere in 1800 and 1807, and by Meriwether Lewis 
on the Lewie and Clark Expedition from 1805 to 1807 
(APS, but Pursh, Lewis, and other collections studied by 
Phrsk in England are in part at AN0P) $ from Thomas 
Nuttall, over most of the United States and westward 
from 1807 to 1840 (AN^P, but earliest in APS); from 


William Baldwin in Georgia and Florida in 1815 to 1818 
(ANSP and APS); and from Lewis David von Schweinit®, 
who was in the eastern United States from 1812 to 1834, 
and who made the earliest great American collection of 
Fungi’ (ANSP). These collections antedate by many 
years the building of great herbaria elsewhere in this 
country. One wonders why, after such a brilliant begin¬ 
ning, taxonomic investigation (other than that incidental 
to the amassing of personal herbaria) should have all but 
disappeared from Philadelphia by the middle of the 19th 
century. 


Some Approaches to the Study of the Metal 
Requirements of Microorganisms 

S. H. Hutnar, Hankins Laboratories 

Knowledge of the inorganic requirements for life, con¬ 
veniently studied in microorganisms, lags behind that of 
, organic nutrition. The discovery that Vitamin (the 
antipernicious anemia factor) contains cobalt has stimu¬ 
lated interest in the identification of the trace elements 
required for life and their role in metabolism. Such 
studies are limited or impracticable until deficiency states 
for these elements can be induced artificially. The case 
of Vitamin B« illustrate* these difficulties* Tim algal 
flagellate Muglona graoiii$ requires Vitamin B», and it i* 
calculated that formation of one organism requires 
about 4,800 molecules of Ba, or 4|500 atoms of epbaii 
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On the assumption that the total cobalt required by the 
organism is contained in it is calculated that the 
known eobalt contamination (0.003%) of the iron added 
to the culture medium furnishes cobalt in at least a 
33-fold excess. Iron itself is a relatively minor in¬ 
gredient of the culture medium. 

The homo flagellate Herpctomonas culicidarum, which 
requires hemin as a growth factor, poses an analogous 
problem: Does the iron found in hemin represent its total 
iron requirementt As the iron requirement for aerobic 
forms is far greater than the cobalt requirement, it would 
scorn good strategy to study first the hemin-iron relation 
in Lferpetomonas before going on to the more difficult 
Hu-cobalt problem. Tho methods developed for solving 
these problems should prove applicable to identifying ad¬ 
ditional essential elements of the transitional series, 
should such elements bo required. 

The fundamental interest of such studies is underliued 
by tho fact that vitamin B ia is concerned with the syn¬ 
thesis of desoxyribosenucleic acid, a substance bearing an 
intimate relation to the gene. 

Varieties of Economic Law and 
Their Limiting Factors 

John M. Clark, Columbia Univartity 

The material of economics, whether we like it or not 
is largely indeterminate. Normal spending responds to 
changing income; but total normal spending (including 
capital outlay) may temporarily vary more than an in 
come does, making income unstable and indoterminate. 
Bargaining units have much latitude, making prices and 
wages indoterminate, and bargaining practices evolve. 
Individual economic choices, besides being indeterminate, 
deal with ultimate and incommensurable human values. 

Economists used to tell politicians what must happen 
under <( economic law, M despite political efforts to inter¬ 
fere. Now it seems more nearly true that politicians 
decide what is to happen, leaving economists speculating 
as to consequences, and whether or not actual policy is 
fatally unsound. 

I have three suggestions for making analysis more 
nearly realistic. First, that we deal frankly with the 
specific content of human values—for example, health— 
instead of with abstract curves of choice in theoretical 
markets. Second, that wherever analysis deals with the 
kind of relations expressed in lines on graphs—for ex* 
ample, demand curves or cost curves—we turn the lines 
into zones or bands with width representing the degree 
of indeterminatenecs that exists. Then a maximum point 
or a point of intersection might become a wide range, 
within which the actual outcome would be decided by 
other factors than those expressed in the curves. This 
should enforce active study of these other factors, usually 
neglected. Third, tbit economics should frankly investi¬ 
gate what Is sound, by standards Which it should define— 
for example, 11 What should a wise government do about 

Any reason- 

ablcanawer to this would by-pass existing theories built 


on refining inferences from utility curves or indifference 
curves. 

This kind of analysis should produce, not fictitiously 
accurate results, but hypotheses calling for verification, 
thus bringing deductive thinking and Inductive verifica¬ 
tion closer together. 


Day Book of an Education; William Shippen’s 
Student Days in London (1759-40) 
and His Subsequent Career 

Betay C. Corner, Baltimore, Maryland 

Details about William Shippen, Jr.’s medical education 
bad been entirely lacking until tho discovery of a little 
diary he kept while a student in London (1759-60) was 
made unexpectedly some years ago by J. Hall Pleasants, 
of Baltimore, in whose safekeeping this 18th century 
manuscript has ever since remained. Through his cour¬ 
tesy and generosity, this little diary has recently become 
available for study. 

In 1759 William Shippen, Jr. was enrolled at St. 
Thomas’s Hospital, London, as a student in surgery. lie 
also attended special lectures in midwifery, and he 
profited especially from intensive study of anatomy in tho 
anatomical school established by John and William 
Hunter, two remarkable investigators of great importance 
iu the history of medicine. 

Shippen later studied in Edinburgh for a year and 
received his M.D. from the University *of Edinburgh in 
17fil. He returned to Philadelphia in 1762 and almost 
immediately began to give a course in anatomy modeled 
upon the instruction he had received in London. To his 
credit, he transplanted from English to American soil 
not only tho technical methods he had learned from the 
Hunters in their anatomical school, but the spirit of their 
experimental approach to the problems of human struc¬ 
ture and of childbearing which were their special con¬ 
sideration. 

Dr. Shippen’s introductory lecture to his course on 
anatomy, given On November 11, 1762 at the State House 
in Philadelphia, marked the beginning of medical instruc¬ 
tion of academic standard in the American colonies, and 
it set the pace for the future development of medical 
education in this country. Shippen also established tho 
first classes for instruction in obstetrics, open to both 
sexes, in this country and started a small hospital for the 
lying-in care of poor women and the instruction of stu¬ 
dents in obstetrical procedure. That same year, 3765, he 
received his appointment as professor of anatomy and 
surgery in the medical department of the College of 
Philadelphia, the second medical professorship created by 
the trustees. His connection with the medical school wan 
continuous until 1808 and for a longer time than that of 
any other member of the faculty of that period. Dr. 
Shippen Is of special interest to the American Philo* 
sophical Society because he was elected to its member* 
ship in November 1767—162 years ago. 
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''Ioanna's Descent to the Nether World": 

A New Tablet 

Samuel Noah Kramer, University of Pennsylvania 

Some eight years ago, in the spring of 1941, the writer 
read before the American Philosophical Society the then 
available text of the Sumerian myth "Inanna’s Descent 
to the Nether World." It had been pieced together in 
the course of several years from thirteen clay tablets and 
fragments located in the Istanbul Museum of the Ancient 
Orient and in the University Museum of the University 
of Pennsylvania. The poem, the writer then pointed out, 
was still unfortunately incomplete, mid he concluded his 
reading with the hope that sooner or later some of the 
missing portions would be uncovered. The present paper 
reports the first and partial realization of this hope; a 
tablet belonging to the myth has turned up in the Tflle 
Babylonian Collection at New Haven, 

It contains 92 lines of text, and its latter half carries 
on the story of the goddess Inanna’s resurrection and 
return to the earth from the point where the texts had 
previously broken off. Moreover this new material has n 
rather unexpected significance; it clears up a miscon 
ception concerning the Sumerian fertility god Dumuzi— 
the Biblical Taimnuz—which hns misled students of 
Mesopotamian religion for more than half a century. 
The tablet has been carefully "copied by Ferris Stephens, 
curator of the Yale Babylonian Collection, and has been 
tentatively translated by the present writer. This paper 
and the resulting final publication will thus represent a 
cooperative effort of Yale University and the University 
of Bonnsylvania. 

The Physical Distinctions of Man 

Adolph H. Schultz, Johns Hopkins University 

The physical distinctions of man are numerous and 
striking, if adult man is contrasted with other Primates 
at the completion of their growth. Karly in life, man 
and other Primates are indistinct. Nearly all apparently 
fundamental, qualitative differences 1 x 3 tween adult man 
and apes are in reality of a mere quantitative nature, 
emerging gradually with age in consequence of diverging 
trends of development or of differing intensities in other¬ 
wise closely corresponding growth changes. The evolu¬ 
tionary modifications in the development of man include 
many accelerations as well ns retardations which, though 
seemingly inconsequential, lead to marked peculiarities at 
the completion of growth. 

The list of human distinctions is being constantly re¬ 
vised qn the basis of accumulating information regarding 
the growth processes among Primates and can be newly 
evaluated by means of comparisons between the specific 
characters of man and those acquired by the manlike 
apes. In many bodily features man has remained Con¬ 
servative, not having changed as extremely as some Other 
Primates. The most evident human distinctions are di¬ 
rectly correlated with the early adaptations to the erect 


posture and the later enlargement of the brain. Other 
significant distinctions of man are connected with his 
latest evolutionary specializations: the prolongation in 
the main periods of life and the accompanying alterations 
in the duration and sequence of various developmental 
processes. Most characters, claimed as specific for man, 
do not represent radical innovations, but are merely the 
result of general evolutionary trends which have also pro 
ducSd very similar, though not as far-reaching, trsnsfor- 
lnationn in some or all of the anthropoid apes. 

Characters which differ in man and the simian Primates 
in their average formation are often not truly distinctive, 
if individual conditions are taken into/consideration, since 
the ranges of variations in many features are surprisingly 
extensive and can overlap in man and one or another of 
• the anthropoids. 

Generally speaking, man is dearly and constantly dis¬ 
tinguished from all other Primates by liis peculiar com- 
bination of characters which, singly, are often distinct, 
ouly in regard to the degree of their specialization or the 
relative frequency of their occurrence. 

These generalizations will be illustrated by discussions 
of examples of physical features distinctive of man. 

The Chemical Combination of Insulin with 
Muscle and Its Hormonal Regulation 

William C. Stadie, University of Pennsylvania 

Understanding of the fundamental problems of diabetes 
must await more complete knowledge than is available 
now of the chemical or physical mechanisms by which 
insulin affects the metabolism of mammalian tissues. The 
most prominent conception is that insulin affects one or 
more of the tissue enzymes which catalyze tho multiple 
reactions concerned in the metabolism of fat, protein, or 
carbohydrate. Cell-free enzyme systems prepared from 
normal or pathological tissues should be ideal for the 
demonstration of such effects, but few demonstrations of 
insulin effects on such cell-free systems have been re¬ 
ported and these have been difficult to reproduce. 

In sharp contrast., the effects of insulin upon intact 
colls, either in vitro or in vivo t huve been unequivocally 
demonstrated by many workers. It is conceivable, then, 
that intact cellular morphology is a necessary condition 
for the action of the hormone. In that case, physical 
effects, such as on permeability, rather than chemical 
effects on enzymes, must be considered as possible effects 
of insulin. Irrespective of the precise mode of action, 
it is highly presumptive that, once having entered the 
« cell, insulin must attach itself to some morphological ele¬ 
ment. This initial direct combination of insulin with the 
intact cell might indeed be the initial obligatory reaction 
required for metabolic activity of the hormone. We 1 have 
succeeded in demonstrating for the first time that such a 
chemical reaction occurs. 

The demonstration is accomplished in the following 

1 The experiments! data discussed here are taken from a 
paper by W, C. Utadle, N. Haugaard, B. Marsh, and A. 
IIIUh. Atner. J. toed, Sept,, 194g. 
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way: a heuiidiaphragm from a normal rat is equilibrated 
for one minute or leas in a medium containing a small 
concentration of insulin. During this brief exposure to 
insulin firm combination has occurred with some con¬ 
stituent of the muscle cell, and the combined insulin 
alters the metabolic pattern of the muscle. This is shown 
by the fact that invariably the insulinized hemidlaphragm, 
when equilibrated in a glucose- containing medium, utilizes 
more glucose and synthesizes more glycogen than an ap¬ 
propriate control. 

This phenomenon has been studied in the normal rat 
under a variety of conditions, and in rats with endocrine 
abnormalities, or those injected with various hormonal 
preparations. The results indicate that chemical combi¬ 
nation of insulin with muscle is under hormonal control 
and appears to be an important factor in the regulatory 
mechanism of carbohydrate metabolism in the normal and 
diabetic animal. 

The Development of Contractility 

John S. Nicholas, Yale University 

The origin of contractility must naturally be a function 
of the developing embryonic tissue and in many organ¬ 
isms is initially common to many different kinds of tissue. 
In higher forms, however, the contractile nature of proto¬ 
plasm is largely localized in muscle tissue, and the other 
tissues lose whatever contractile powers they may have 
possessed. 

In the rat, embryo, muscular movement; is first noticed 
after 15 days of development and the flexions and rota¬ 
tions of the body of the fetus attain a considerable com¬ 
plexity before birth. During this period, us well as in 
the period before movement, the mesoderm has given rise 
through differentiation to muscle tissue markedly differ¬ 
ent from adult tissue, consisting of a loose arrangement 
free of fibers and with no discrete structures such as those 
normally described for muscle. 

In the past few years there has been a tremendous 
advance in the study of the chemical nature of muscle 
and it was decided to investigate the chemical, physical, 
and morphological character of developing muscle, in 
order thereby to attain critical information which might 
be correlated with the contractile process. 

The most pertinent studies arc those which deal with 
the liberation of inorganic phosphate in chemically sepa¬ 
rated fractions of developing muscle at different stages 
of its differentiation, and the correlation of this activity 
with the nucleic acid content, the development of the 
muscle respiratory enzymes, and the appearance of bire¬ 
fringence in the developing muscle. 

When embryonic muscle is fractionated, the activity of 
each fraction develops independently and at different 
rates. This general finding is similar to that of Shen 
and Boell on the development of tho respiratory enzymes 
In developing muscle. Apparently definite contribution 
to the chemistry of contractile tissues Is made independ¬ 
ently by the separable substances. The development of 
patrfcmvm antedates the formation of actual 


contractile tissue by a considerable period—at least 12 
hours—and occurs at least 24 hours before the first em¬ 
bryonic striationB can be observed. The correlation of 
these and other factors throws considerable light upon 
the mechanism of beginning contraction. 

Studies on the Development of the 
Cortex of the Brain 

Louit B. Flaxnar, Carnegie Institution of Washington 

The aim of these investigations has boon to establish 
how long before birth evidence of function can be found 
in the nerve cells of the cerebral cortex of the guinea pig 
and how Ainctional development of these cells is related 
to their structural and chemical development. On micro¬ 
scopic examination, a series of abrupt changes was ob¬ 
served to occur in the nerve cells two-thirds of the way 
through gestation. Nerve processes start to grow rapidly, 
iiucleoprotein appears in large quantity in the cytoplasm, 
and the nucleus ceases to increase in volume. These struc¬ 
tural developments are accompanied by several changes. 
The enzyme, adenylpyrophosphatase, believed by its ac¬ 
tivity to yield useful energy to the cell, increases sharply 
in activity to the adult level. The activities of the 
respiratory enzymes, succinic dehydrogenase, and cyto¬ 
chrome 0, responsible in part for the combustion of food¬ 
stuffs, also increase rapidly to the adult level. At the 
same period the nerve cells for the first time are elec¬ 
trically active; electrical potential changes can be re¬ 
corded from the surface of the brain. These potential 
changes were demonstrated to arise from the^brtex itself 
by local application of strychnine, which produces typical 
increase in electrical activity. The onset of this cortical 
electrical activity appears to be causally related to a 
sudden increase in the permeability of the nerve cells to 
sodium. This observation fits the hypothesis, advanced 
by others, that the potential change which follows the 
stimulation of peripheral nerve is due to the momentary 
appearance of a selective permeability to sodium. 

It is concluded that the nerve cells of the cerebral 
cortex of the guinea pig begin to show functional activity 
about two-thirds of the way through gestation and that 
structural, chemical, and functional differentiation of 
these cells occurs at the same time or in rapid succession. 

Redwoods—Occidental and Oriental 

Ralph W. Chanay, University of California 2 

The recently discovered redwood of Asia, Metasequoia 
glyptostroboides, shows relationship to the redwood of 
North America, Sequoia sempervirena, and to the swamp 
cypress, Toxodium distichum. Foliage and coues of the 
living trees provide characters by which they may bo 
readily distinguished, but for nearly a century there has 
been confusion in the recognition of fossil specimens. 

• Research associate, Carnegie Institution of Washington. 
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Large collections from the Cretaceous and Tertiary de¬ 
posits of western North America have recently been re* 
studied; criteria have been established for separating 
fossils of the throe genera, and for setting up recognisable 
species. 

During Cretaceous time, and at the beginning of the 
Tertiary period, Metasequoia was abundant at high 
northern latitudes. Its deciduous habit was well suited 
to a regime of summer rainfall and lowered winter tem¬ 
perature. With gradual reduction in rainfall and tem¬ 
perature. Metasequoia and its associates aro recorded 
from successively more southerly stations, as far south 
as California; near the end of the Tertiary period it, 
became extinct in North America, probably as a result 
of a shift to winter rainfall and summer drought. Its 
failure to survive in the southeastern United States along 


with Taxodium, which is also deciduous, cannot now be f 
explained. 

The geologic history of Sequoia has boon somewhat , 
different because of its evergreen habit. Never as abun¬ 
dant as Metasequoia, the ancestors of the California rod- 
wood wore in past agos lftTgoly limited to foothills and 
to the borders of ancient seas. With the change in 
rainfall regime during later Tertiary time, Sequoia was 
restricted to the borders of the Pacific; in regions with 
summer fog it still survives. Metasequoia is known to 
exist only in the interior of China, where heavy summer 
rainfall is combined with moderate temperatures. Here 
in valleys so remote that they have nyt yet boon com¬ 
pletely deforested by land-hungry farmers, the redwood 
of Asia appears to bo living the Inst chapter of its hun¬ 
dred million -year existence. 


TECHNICAL PAPERS 


Mutual Interaction of Polyelectrolytes 1 

Raymond M. Fuota and Hussain Sadak 2 

Sterling Chemistry Laboratory, 

Vsb Uutvsrtity, Maw Haven 

Polyelectrolytes (2), even in the most dilute solution, 
give regions of high charge density in the* neighborhood 
of each polyion, as a simple consequence of structure. 
We might therefore expect a strong electrostatic inter¬ 
action between the fields of polycations and polyanions, 
which would lead to mutual precipitation. Results are 
herewith presented which verify this prediction. 

In one series of experiments, portions of a dilute solu¬ 
tion of sodium polyaerylate* were added to a solution 
of poly-4-vinyl-n-jV-butylpyridoniuxn bromide. Flocculent 
precipitates formed immediately; at concentrations as low 
os 10** normal in bromide ion (about 30-* molar in poly- 
electrolyte), a distinct turbidity was still visible. The 
precipitation was followed quantitatively by measuring 
the turbidity of the mixtures with a Phoenix light-scatter¬ 
ing photometer. Pig. 1 shows the results of a typical 
experiment in which successive portions of 10-® normal 
polyacrylate solution were added to 40 ml of 25x10-° 
normal polypyridonium bromide. Up to the equivalence 
point, tho turbidity t increased linearly with the amount 
of poly acrylate added j just beyond equivalence, the tur¬ 
bidity Increase accelerated sharply, and after' a ratio of 

* Project NR 054-002 of the Office of Naval Research. 

•Present address: Chemistry Department, Faculty of Sci¬ 
ence. Paronk X University. Alexandria, Egypt. 

•We ore grateful to the Minnesota.Mining and Manufac¬ 
turing Company for a sample of polyacryllc acid and to the 
Dow Chemical Company for a sample of sodium polystyrene 
■ stilfotmtiv ,v, *'■; 



Fio, 1, Turbidimetrlc titration of polyvhiyWjutybpyrl- 
(lonlum bromide (40 cc of 25 x KM normal) with sodium poly- 
acrylute (10** normal). 


about 1.5, slowly decreased with further addition of poly- 
acrylate. Fig. 2 is a log-log plot of the turbidity ob¬ 
tained when 1.5 equivalents of polyacrylate were added to 
1.0 equivalent of polypyridonium salt, the latter at vary¬ 
ing stoichiometric bromide concentrations, N, It will be 
noted that the points fall on a 45* line, showing that the 
amount of precipitate is proportional to the concentration 
of the polypyridonium solution from which it was precipi¬ 
tated down to below millionth normal in bromide ion (ap¬ 
proximately 10- ft molar in polybromide or 0.2 ppm by 
weight). The lowest concentration corresponds to the 
present limit of sensitivity of our optical equipment. 

Tliese results may be interpreted as follows: When poly- 
acrylate is added to polypyridonium salt, the latter is 
initially in excess. Normally, each polyacrylat* ion is 
surrounded by an atmosphere of sodium counter ions; 
when a polyaery late ion-plus-ion cloud encounters poly- 
pyridomum ion% tho strong attraetivefleld between poly- 
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Flu. 2. Teat of prgpqrtKmAllty between turbidity and 
concern ration of poly el t*et roly t.e solution. 


anion and polyeations causes the polymeric ions to ap¬ 
proach, and many of the monovalent gegen ions are dis¬ 
placed. The resulting aggregate is ft compact insoluble 
cluster, cross-linked by electrostatic forces. We naturally 
do not expect perfect pairing of acrylate and pyridonium 
Ions; those unpaired will be accompanied by their corre¬ 
sponding gegen ions. Since the pyridonium salt is in tlio 
medium into which the acrylate is poured and is initially 
in excess, the exterior of the cluster will bn mostly poly- 
pyridonium chains. Then when excess acrylate is added, 
more polyanions attach themselves to the polyeationic ex¬ 
terior of the precipitate particles, displacing both sodium 
and bromide counter ions until the excess charge is com¬ 
pensated. This hypothesis accounts Tor the sharp rise in 
turbidity just beyond the equivalence point followed by 
a leveling pff at a fairly well-defined degree of excess. 
The subsequent slow decrease of turbidity probably is 
due to an electrostatic contraction of the particles of pro 
cipitate in the presence of excess ions, or else to coales¬ 
cence of original particles. We plan to determine par¬ 
ticle sixe. 

In another series of experiments, solutions of sodium 
polystyrene sulfonate were mixed with polypyridonitim 

TABLE 1 

Pane nuT ation or Poi.rv!tfvX'BuTVL-PYan>ontoM Bromiob 
with Sodium Polystyrkv* BUmrovATV 


Kxpt. 

Ppt. In 
mg 

mg/tT 

Meq. Hr 

A Br- 

8 B ; 20 5 

47.0 

2.40 

0.080 

0.0000 

10 B : 20 8 

40.1 . 

2.00 

0.180 

0.0181 

108 :10 8 

21.0 

2.lfl 

0.180 

0.0168 

SOB : 108 

31.8 

2.12 

0.860 

0.0184 

20 8 ; 0 .0 

87.0 

1.66 

0.000 

0.0081 

308 :10 B 

28.0 

1.80 

0.180 

0.0111 

lOBllOB 

14.0 

1.40 

9.180 

0.01*6 

10 8 SMB 

10.6 

l;«8 

0.860 

0.0108 


bromide solutions. Again, flocculent precipitates formed. 
These experiments were carried out at higher concentra¬ 
tions of polyelectrolytes, so that conventional analytical 
methods could be used. The precipitates wore centrifuged 
out, dried and weighed, and bromide ion in the super¬ 
natant liquid was determined by potentiometric titration. 
The results of a typical series of experiments are given 
in Table 1, where the polybromide solution (B) analysed 
to 0.0180 normal in bromide ion. The concentration (ap¬ 
proximately 0.005 normal in sulfonate) of the polysul- 
fonate solution (8) was not accurately known, because 
the starting material contained some insoluble crossdinked 
products which were removed by centrifuging before the 
solution was used. (There also appeared to be some im¬ 
purity of low molecular weight present.) In all the ex¬ 
periments of Table 1, polybromide was in excess. The 
first column gives the volume and sequence of reagents; 
e,g., E : 20 means thut 5 cc of polybromide was 
poured into 20 cc, of polysulfonatc. The Becond column 
gives the weight (in mg) of precipitate found, and the 
third, the mg of precipitate per unit volume of poly¬ 
sulfonate solution. The fourth column gives the number 
of milliequivnlents of bromide ion used, and the fifth, the 
deficiency of bromide ion in the supernatant liquid after 
mixing with polysulfonatc and centrifuging out the pre¬ 
cipitate. This deficiency corresponds to bromide ions 
which accompanied the precipitate as neutralizing counter 
ions for the dangling poly pyridonium chains. 

An average of 1.58 mg/cc precipitate was obtained 
when polysulfonatc was poured into polypyridonium salt. 
Here the polyention wns always in excess, so each poly- 
anion formed tlio nucleus for a precipitate particle which 
contained more than a stoichiometric equivalent of poly¬ 
pyridonium, due to its dangling chain ends. When poly¬ 
bromide was poured into polysulfonatc, however, an aver¬ 
age of 2.17 mg/cc sulfonate solution was found. This 
result seems reasonable on the basis of our picture of the 
mechanism of precipitation; at first, polyanions were in 
excess, and each polycation added was the nucleus for a 
precipitate particle which contained dangling polyacrylate 
chains. Further addition of polycation added to the 
polyanionic chain ends, thereby increasing the weight of 
the precipitate which had formed initially. As seen in 
Table 1, the bromide ion deficiency was correspondingly 
greater for this sequence of mixing. 

These precipitates arc inherently different, both from 
familiar electrolytic precipitates like silver chloride and 
from the colloidal coagulates, such as those obtained from 
mixing suspensions of araeitious sulfide and of ferric 
hydroxide. In all three eases, electrostatic forces cause 
the approach of particles of opposite charge; with silver 
chloride, a substance of low intrinsic solubility is formed 
from silver ion and chloride ion, while with the colloidal 
precipitates, rigid, relatively massive particles coalesce. 
But with the polyeleetrolytes, the individual charges are 
normal in their behavior; it is their high local concentra¬ 
tion which brings about expulsion of gegen ions and sol¬ 
vent, and leads to precipitation. (Bothjsodimn acetate and 
sodium bensene sulfonate, for example, will precipitate 
the polypyridine salt only at very high concentrations.) 
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When the charge density is as high us that correspond' 
ing to vinyl polymers such as we used (where an ioiiogenie 
group is attached to every second carbon atom of the 
chain), we would expect that any polycation will precipi¬ 
tate any polyanion. On the other hand, by preparing 
copolymers (£) with controlled spacing of charges, it 
might be possible to obtain poly electrolytes which show a 
selective precipitability, according to whether opposite 
charges can be paired off geometrically or not. It might 
thus be possible to make a model similar to those postu¬ 
lated (4) for immunological reagents. 
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Is Chloride a Coenzyme of Photosynthesis? 

Daniel I. Arnon and F. R. Whatley 

Division of Plant Nutrition, 

University of Californio , Berkeley 

One of the serious obstacles in the experimental study 
of the mechanism of photosynthesis has been the im¬ 
possibility of separating the process from the activities 
of intact green cells. The recent work of Hill (5) makes 
it possible, however, to investigate outside the Jiving cell 
the reaction most characteristic of photosynthesis in 
green leaves: photolysis of water resulting in the evolu¬ 
tion of gaseous oxygen. The oxygen-liberating system 
resides in the chloroplasts, and remains functional when 
fragments or whole chloroplasts are removed from green 
leaves. 

The photochemical evolution of oxygen by chloroplasts 
isolated from sugar beet and spinach was recently in¬ 
vestigated by Warburg and Liittgens (6), who reached 
tho rather striking conclusion that chloride ion was a 
coenayme essential for photochemical reactions in photo¬ 
synthesis. That such a simple yet important fact had 
escaped the notice of all other workers in this field was 
indeed cause enough for Warburg and Liittgens to re* 
mark how rash were all previous theories on tho mecha¬ 
nism of photosynthesis. The evidence which led these 
authors to conclude that chloride is a coenzyroe of photo¬ 
synthesis was as follows. Isolated chloroplasts lose their 
capacity for oxygen evolution after several washings in 
water. They can be reactivated, however, by adding 
cytoplasmic fluid. The factor in cytoplasmic fluid re¬ 
sponsible for reactivation of the chloroplast was found 
to be heat-stable. An analysis disclosed that cytoplasmic 
fluid contained chloride in 0.08 molar concentration. Ad¬ 
dition of chloride alone aa m/ 150 KC1 brought about com¬ 
plete reactivation. Of the other anions tried, bromide 
was almost as effective, iodide and nitrate much lets so, 
and fluoride, sulfate, thiocyanate, phosphate, and all the 
cations tried were without effect. Since chloride was the 


effectivo anion found in sufficient concentration in cyto¬ 
plasmic fluid, Warburg and Liittgens concluded that it 
was the natural coenzyme of photosynthesis. 

Impressive as this chain of biochemical evidence is in 
support of chloride as a coenzyme of photosynthesis, it 
poses at once a rather perplexing physiological problem 
from the standpoint of plant nutrition. Chloride is not 
generally regarded as an essential element for growth of 



Fia. 1. Effect of anions (Iff* m) on oxygen evolution by 
Illuminated chard chloroplasts. Reaction mixture: A chlo- 
roplast suspension containing 0.5 rag of chlorophyll, m /15 
phosphate buffer, quimrae as oxidant. Illumination at flask 
level approx. 28,000 lux, temp«15 c C. Other details of 
technique were similar to those previously described (4). 

higher plants. Is it then possible that plants can get 
along in nutrient solutions without a coenzyme required 
for photosynthesis, a process indispensable for growth! 
The fact that Warburg and Liittgens found appreciable 
amounts of chloride in their plants is not surprising. 
Chloride is widely distributed in soils and readily ab¬ 
sorbed by most plants. Its presence in the plant, how¬ 
ever, was hitherto regarded as incidental. 

We undertook to investigate the problem by growing 
sugar beet and chard in nutrient solutions without 
chloride, Plants were grown in a nutrient solution sup¬ 
plemented with the micronutrients B, Mn, Ou, Zn, and 
Mo in amounts and from sources previously described 
(1), except that MnSO* was substituted for MnCl s . As 
was expected, the plants made excellent growth in the 
nutrient solution to which no chloride was added. The 
chloroplasts from these plants were isolated (A) and 
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their oxygen evolution under the influence of light was 
measured manometrically, by a technique similar to that 
used by Warburg and Liittgens (4). 

Our results disclosed important areas of agreement with 
those of Warburg and Liittgens, as well as several dif¬ 
ferences. An analysis of both chloroplasts and cyto¬ 
plasmic fluid showed no chloride in either, as would be 
expected in plants grown without chloride. Chloroplasts, 
even without washing, showed only feeble oxygen evolu¬ 
tion. In our experiments, in contrast to those of War¬ 
burg and Liittgens, the addition of cytoplasmic fluid 
failed to react!vale the chloroplasts, but as already noted, 
our cytoplasmic fluid contained no chloride. On the other 
hand, we fully substantiated the finding of Warburg and 
Liittgens that addition of chloride brought about activa¬ 
tion of chloroplasts, giving us stoichiometric yields of 
oxygen in relation to the oxidant used. The effect of 
chloride on the course of oxygen evolution by illuminated 
chloropUist-N is shown in Fig. 3, which also confirms the 



Fro. 1i. Abscissas : KC1 concentration. Ordinates : Qo a h ! 
lflflVet of KOI con central ion on rate of oxygen evolution by 
illuminated chloroplast. fragments. Qo^ituu 3 * of oxygen/hr 
/ftig of chlorophyll, computed from data obtained for tlie 
fi-mln period from 1 to T min after turning on the light. 
Temp «20* C. Conditions not specified were similar to those 
given in the legend for Fig. 1. 

findings of these authors with regard to the influence of 
other anions on oxygen evolution. Bromide has an acti¬ 
vating effect about equal to chloride j nitrate and iodide 
are much less effective; and sulfate, phosphate, thio¬ 
cyanate, and acetate are without effect. 

How should these results be interpreted? The intact 
plant is able to carry on normal photosynthesis without 
chloride, as judged by its excellent growth despite absence 
of this ion either in nutrient medium or in leaf tissue. 
Yet when chloroplasts are isolated from the same plant, 
they require chloride for vigorous progress of the photo¬ 
chemical reaction. One explanation would be that chlo¬ 
ride acts in the leaf as a micronutrient, and that minute 
amounts of chloride which escape detection by usual 
chemical analysis may nevertheless be present in the 
nutrient medium as an impurity and reach the leaf. This 
explanation, although it cannot l>e ruled out entirely, is 
rendered Unlikely by the data presented in Fig. & In 
this chart, the rate of oxygen evolution by illuminated 


chloroplasts (QoJ 1 ) is plotted against chloride concentra¬ 
tion. It will be seen that, whereas small additions of 
chloride brought about appreciable activation, a fairly 
high concentration, around 0.007 M, is required for full 
activation. This is in agreement with the value of m/150 
KOI, reported by Warburg and Liittgens as necessary for 
full activation in their experiments. Such relatively high 
concentrations of chloride are not uncommon in soil- 
grown plants, but there is strong evidence from these and 
numerous other experiments that plants can make excel¬ 
lent growth without the presence of measurable amounts 
of chloride either in the nutrient medium or in the plant. 
The other anion capable of giving full activation of 


80 

70 




10 20 30 40 50 

MINUTES 


Fio. 8, Protective effect of chloride on illuminated sugar 
beet chloroplast fragments. Circle *—illuinlnnted for 20 min 
hi the presence of chloride. At 20 min, the oxidant (fer- 

rlcyanide) was tipped Into the manometer vessel. Crosse*.- 

illuminated for 20 min hi the absence of chloride. At t « 20 
in In, chloride and ferrlcyauide were added simultaneously. 
The concentration of chloride waa 0.01 m KC1. A quantity 
of 1.5 x 10-* moles of K«Fe (CN)« was added to each vessel. 
Conditions not specified were the same as those given in 
legend for Fig. 1. 

photochemical oxygen evolution, bromide, although readily 
absorbed and tolerated by plants in appreciable amounts, 
iB not a common constituent of plants or soils, and there 
is even less reason for suspecting it as being essential for 
plant growth. 

If the view that chloride or bromide is a coenzyme of 
photosynthesis in vivo is to bo abandoned, how can the 
effect of these anions in vitro be explained? We have 
formulated the hypothesis that in the intact green cell 
photosynthesis goes on without participation of either 
chloride or bromide, but once the cell is broken there is 
a rapid light-induced deterioration of some cellular sub¬ 
stance essential for the photochemical evolution of oxy- 
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gen by chloroplasts. Chloride or bromide is able to pro¬ 
tect this substance against inactivation, but the in¬ 
tact cell accomplishes this in some other manner. This 
would explain tlie super flu ousness of the halide in vivo as 
contrasted with its requirement in vitro. 

The hypothesis was tested in the following manner. 
Isolated chloroplast fragments were illuminated without, 
however, adding the oxidant (in this case ferricyanide) 
which is necessary to bring about the evolution of oxygen. 
In one instance, chloride was added to the illuminated 
Chloroplasts; the control contained no chloride. After 20 
min of preexposure to light, the oxidant was added and 
the photochemical oxygen evolution was measured mano¬ 
metries Uy. To the chloroplast suspension which was ex¬ 
posed to light in the absence of chloride, this anion was 
added simultaneously with the oxidant. The results are 
shown in Pig. 8. The proerposure to light in the absence 
of chloride inactivated the oxygen evolution system of the 
chloroplasts. This inactivation was nearly irreversible. 
The subsequent addition of chloride had only a slight re¬ 
activating effect. On the other hand, a vigorous oxygen 
evolution, resulting in stoichiometric yields, was given by 
the chloroplasts which had received added chloride during 
their exposure to light. TIiuh chloride appeared to 
protect some essential photosynthetic substance which in 
the absence of this anion was irreversibly destroyed by 
light. Chloride also seemed to exert some protective ac¬ 
tion on the chloroplasts in the dark. There was evidence 
of inactivation from shaking chloroplasts in the manom¬ 
eter vessels at 15° C, for a period equal to the light 
exposure. Inactivation in light, however, was much more 
pronounced. The identification of this substance would 
be of great physiological interest. Experiments along 
this line have been under way in our laboratory, but no 
conclusion is possible at this time. 

The proposal that chloride is a conenzymc of photo¬ 
synthesis would have endowed chlorine with the status of 
an essential element for growth of higher plants. It 
would also have been the first instance in the history of 
plant nutrition where the essentiality of an inorganic 
clement was established by the discovery of its biochem¬ 
ical function, in the absence of corroborative evidence 
from growth experiments according to specific criteria of 
indispensability (3). Our results, which speak against 
the role of chloride as a coenzyme in photosynthesis, also 
illustrate the contribution which growth experiments can 
make in evaluation of biochemical data bearing on the 
essential status of an inorganic element in nutrition of 
higher plants. 
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The Action of Mineral-Ion Exchange Resm4 
on Certain Milk Constituents 

C. W. Gchrkc 1 and E. F. Almy 

Department of Agricultural Biochemistry, 

Ohio State University, Columbus 

With the discovery in 1936 by Adams and Holmes (1) 
that certain artificial resinous materials possess the abil¬ 
ity to act as ion exchangers, new interest was aroused in 
this field. A large number of such synthetic ion-exchange 



Fio. 1. Ion-exchange column. The Zeo-Knrh-11 column 
whs initially conditioned with 400 ml of 6 % NaCl, downflow 
at a rate of 13.7 rnl/min, backwashed at flow rate to give 
50% bed expansion for 5 min, regenerated with 450 ml of 
0.407 N HC1 at 17 ml/min, and washed with distilled HrO 
at the same rate until free of acid. The De-Acldite column 
wua exhausted with 2,000 ml of 0.100 N HQ, bnckwnshed, 
regenerated with 280 ml of 0.75 N Na*COs at 4.5 ml/min, and 
washed free of alkali. 

materials are now commercially available, and various 
laboratories have been experimenting with their proper¬ 
ties when used to treat milk. It was felt that some 
fundamental studies should be made also on the action 
.of typical anion-exchanger and Cation-exchanger resins 
with simple solutions of the known major inorganic milk 
constituents, at concentrations as they normally occur. 

In 1033, Lyman and co-workers ( 6 ) discovered that by 
the action of certain natural base-exchange materials 
sailed zeolites, the mineral constituents of milk could be 
modified* chiefly by decrease in calcium ion, so as to im- 

* Row associate professor of. agricultural chemistry. De¬ 
partment of Agricultural Chemistry, University of HlMonfi 
Colmsbla, Missouri, 
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prove tiie ease of digestion and assimilation of milk 
through the softer cord obtained. Other investigators 
(4) have found that M.I.E. (mineral-ion exchange) - 
treated milk added to evaporated milk was capable of 
stabilizing the product against coagulation during sterili¬ 
zation ut 240° F for 15 min. The M.I.E, milk can be 
used as a fluid, powder, or concentrate. Burgess* has a 
patent thut covers the use of an artificial ion-exchnugo 
material for removing calcium ions more or less com¬ 
pletely from milk. Otting (G) has discussed the prob¬ 
lems which were surmounted in the application of the 



Kio. 2. Adsorption of cations to the by Zeo- 

Karb-H. Two thousand ml of the following solutions was 
passed through the column. A. CaCto, 100 meq./l; B, MgCls, 
100 meq./l ; V. KOI, 100 meq./l ; O. NaCI. 100 meq./l : 
K. Binary soiu. of CaClt and NaCI, 50 meq. each/1; F. 
Ternary soln. of CaCMi, KOI, and NaCI, 88.# meq. each/1 : 
0. Quaternary soln. of CnCln, MgCh, KOI, and NaCl, 25 meq. 
each /l; H. Binary so!n. of CaCh and IIC1, 50 meq. each /I; 
7. Binary soln. of CaClt and citric acid, 50 meq, each /l. 
Influent flow rate 50 ml/min ; column regenerated with 450 
ml of 0.407 N HC1 at 17 ml/mln. followed with 200 ml dis¬ 
tilled HtO at the same rate, then a fust rinse at 50 ml/min 
for 10 min. 

mineral-ion exchange principle in milk products, and the 
equipment and procedure to be used. 

Numerous other investigations have been made on the 
use of ion*exohange substances in the separation of cat¬ 
ions from anions (7-10 ), in the separation of amino 
acids, purine, and pyrimidine bases, alkaloids, and many 
other substances (2,3,11), 

The present paper describes briefly the action of a 
representative pair of commercial anion and cation ex¬ 
change rosins on the various salts known to oceur In 
milk* The salts were prepared in water solutions con¬ 
taining one, two, three, or four of the cation or anion 
constituents found in milk, In equivalent concentrations, 
and then given appropriate ion-each anger treatment. 

‘Burge** Zeolite Co. Ltd. British patent, No, 548,840 
489*9}C. A* 86: 4817-4. 


Zeo-Karb-H and Do-Acidite* were the exchangers em¬ 
ployed. The columns were set up as shown in Fig. 1. 
The air-dry exchanger was added to the column until a 
200-ml backwashed and drained volume was obtained. 
Before using the columns in experimental procedures, 
each was put through two cycles of exhaustion and re¬ 
generation in order to condition the beds. 

The break-through point (B.T.P.) was designated as 
that point at which the concentration of a given ion in 
the effluent reached a value which was 5% of the initial 
concentration, while 95% was still being adsorbed by 
the exchanger. The results were expressed in terms of 
millioquivalents adsorbed to the B.T.P, 

The increasing order of removal for the cations studied, 
either from individual ion solutions or from mixtures of 
all four, was from sodium to potassium to magnesium to 
calcium. The type of opposite ion present in solution 
was found to bo a factor in some cases, since calcium 
ions were found to be more completely removed by the 
cation exchanger if the union present was citrate, than 
if it was the chloride ion. This is shown in Fig. 2. 

When the B.T.P. has been reached, the concentration 
of the ion hi the effluent rapidly approaches the initial 
concentration, and in the solutions containing two, three, 
or four of the cations, it has been found that some of 
them may surpass their initial ion concentration. 

The cutions present in a complex solution that appear 
to be least adsorbed by the exchanger were found in 
reality to be removed during the first part of the ex¬ 
change run, then released later by the regeneration effect 
of the other cations in the solution which were preferen¬ 
tially adsorbed. Thus, the hydrogen ion from the ex¬ 
changer in the acid cycle is not always exchanged each 
time a cation enters the exchanger, since the entering 
cation may replace a previously adsorbed cation. The 
hydrogen ion-cation exchange for solutions containing one 
cation was found to be quantitative. 

When single, binary, and ternary solutions of hydro¬ 
chloric, citric, and phosphoric acid were passed through 
a bed of an union exchanger, De-Acidlte, it was found 
that the order of removal for acids in mixtures waB dif¬ 
ferent from the order in trials with solutions containing 
but one acid. Thus, the order of removal of the acids 
from individual solutions incroased from hydrochloric to 
citric to phosphoric, but in a solution containing all three 
acids the order of increased removal was from citric to 
phosphoric to hydrochloric. 

A 0.6% solution of urea, creatine, and creatinine, each 
being present in 0.20% concentration, was subjected to 
cation-exchange treatment. A 100% removal of these 
substances was effected from the first 400 ml of effluent. 
A 50% removal still occurred after 1600 ml of solution 
had passed through the bed. These substances were not 
adsorbed from solution by De-Acidite, an anion-exeliange 
resin. 

From the experimental results obtained in this study 
on less complicated true solutions, and from unpublished 
data on the action of ion-exchange resins on skim milk, 
whole milk, and deproteinized milk, ion-exchange ma- 

1 Manufactured by the Permotlt Company, New Turk City. 
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teriaU appeaT to offer a variety of possibilities for modi¬ 
fying the mineral components of milk, cither by removal 
of certain ions, by substituting other ions for normal 
ions present, or by both operations. Unpublished work, 
by one of the authors, E. F. A liny, on the calcium re¬ 
moval from cation’exchanged skim milk, shows that re¬ 
movals for calcium start at 83% and drop to 39% as the 
exchange run progresses, whereas the adsorption for 
phosphorus remains constant at approximately 7-8%. 

Applications of iouexchange milk to produce smoother 
ice cream, to improve the quality of baked goods made 
with milk, and to improve various other dairy products 
have been suggested, but await further investigation, A 
local company* has patent applications filed covering 
complete demineralization of cheeso whey for the pro¬ 
duction of lactose with low mineral (ash) content, and 
for tho production of the M.I.E, milk previously men¬ 
tioned. It also, has filed patent applications covering 
the production of a powdered cream which has been ren¬ 
dered hoat-stablo by ion exchange to lower the calcium 
ion content before drying. 
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The AG/AP Ratio after the Administration 
of Dextrose as an Index of Insular Function 

Francisco De Venanai 1 

Institute da Medictna Experimental, Caracas, Venezuela 

In the course of some investigations on the decrease in 
serum inorganic phosphorus produced by the administra¬ 
tion of glucose, it was found useful to relate increase in 
blood sugar values to decrease in inorganic phosphate. 

It is well known that deficiency in insulin production 
is accompanied by high blood sugar levels as determined 
a half hour after administration of the carbohydrate, 
and vice versa, that increased insulin secretion leads to 
low values. However, there are factors, such as rate of 
glyeogenoJysis, secretion of epinephrine, storage ability 

1 With the technical assistance of Miss Jeanne Lopez, Miss 
Luisa Marla Andueza, and the cooperation of Dr. Alfonso. 
Podriftkt 

* M, ft R. Dietetic Laboratories, Columbus, Ohio. 


of the tissues, and different rates of intestinal absorption* 
that may easily alter blood sugar levels. 

The decrease in serum inorganic phosphorus whieh fol¬ 
lows dextrose administration (I, 5, 7) depends upon the 
liberation of insulin; in fact, it does not take place in 
the panmmtcctomiaed animal ($). Epinephrine also pro¬ 
duces a similar decrease, but only in animals with intact 
pancreas (tf). Insulin und epinephrine produce the same 
ehanfen in inorganic phosphorus, insulin acting by it¬ 
self (0),- and epinephrine through the discharge of in¬ 
sulin induced by tho elevation of blood sugar. The 

TABLE 1 | 

The AO/AP Ratio, in Normal and Alloxan-treated Loos 

~ Number of AG/AP Ratio 

s p animals averages + standard errors 

Normal dogs 

Staub effect present * 20 

Staub effect absent 17 

Alloxan-trented dogs 9 


TABLE 2 

Statistical Significance of the Differences 

b&twbsn Means* 

y Values 

Normal dogs, Stuub effect present, 

vb. Staub effect absent 0.40 

Normal dogs, Staub effect present, 

vs. alloxan-treated dogs < 0.01 

Normal dogs, Staub effect absent, 

vs. ulloxan-treated dogs 0.02 

* Student's test (.1), 

decrease in inorganic phosphate determined by glucose 
is not affected by liver deficiency 00. 

These facts show the importance of studying system¬ 
atically changes in serum inorganic phosphorus during 
tho glucose tolerance test, in metabolic clinics, and in re¬ 
search laboratories. The results of such investigations 
are herewith reported. 

The work was carried out in apparently normal dogs 
and in alloxan-treated dogs. Some of the normal dogs 
were in poor nutritional condition. A fasting sample 
was taken from the saphena vein, and immediately 1 
ml/kg of body weight of a 50% glucose solution in¬ 
jected into this vessel; 30 min later a second sample was 
taken and the injection of dextrose repeated; 30 min 
later the last sample was drawn. Tho blood sugar deter¬ 
minations were carried out in duplicate, according to the 
ftelson method ( 6 ) and tho serum inorganic phosphate 
determinations were also done in duplicate by the Fiske- 
Subbarow procedure <rf). The AG/AP ratio was cal¬ 
culated in the following manner: the difference between 
the blood sugar value at 30 min and the initial value was 
divided by the difference between the initial serum phos¬ 
phate and it A value at 30 min. Results are shown in 
Tables 1 and 2 and Fig. 1, . 

From these results some conclusions can be established 


M).4 + 18.3 
105,9 + 53.5 
:ilU.8 ± 75.2 
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The ratio AG/AP is a useful indicator of insular func¬ 
tion, being less affected than the Staub effect by mal¬ 
nutrition and other factors that impair carbohydrate 
storage or utilization. While 39.5% of the apparently 
normal dogs did not have the Staub effect, only 16.2% 
of the animals had a AG/AP ratio smaller than -100, the 



assumed normal limit. All'of the diabetic dogs had a 
ratio smaller than -100. 

The positive values shown hud a negative glucose dif¬ 
ference, suggesting a faster rate of sugar removal from 
the blood. When the index is positive, because of a 
positive phosphorus difference, it means there is a de¬ 
fective production of insulin. 

The results in diabetic patients and in normal human 
subjects will be reported elsewhere; they are in agree¬ 
ment with the experimental data obtained. 
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Amino. Acids in the Mitochondrial Fractions 
of Tissues as Determined by Paper 
Partition Chromatography 

Chao-t’e Li and Eugene Roberta 

Department of Anatomy, Washington University 
School of Uedicina, St . Louis 

The biochemical properties of intracellular structures 
identified as mitochondria hftve received considerable at¬ 
tention recently. However, little is known of the nature 
of,the protein moiety of these important cell constituents. 
As a first step in the characterisation of mitochondrial 
protein, the amino acids in acid hydrolysates were studied 
by two-dimensional paper chromatography (1, £). 

The method used for the isolation of the mitochondria 
was essentially that of Hogeboon et al (ft) with the 
exctjption that additional cycles of low and high speed 
centrifugation were employed to insure the attainment 
of maximal uniformity of the sedimented material. The 
isolated particles were the same size and shape ns the 
structures identified as mitochondria in smears made from 
homogenates, and in free cells found in tlie sediment from 
the first ftw speed centrifugation. These particles pos¬ 
sessed the same staining characteristics, with Janus green 
B before fixation, and with aniline-acid fuchsia after 
fixation with osmic acid, as do mitochondria in cells. The 
isolated mitochondria were hydrolysed with 6 N HOI in 
sealed tubes for 24 hr and aliquots were subjected to 
chromatography. Samples were treated with H a O f to 
enable detection of cystine as cysteic acid and methionine 
as methionine sulfone. Numerous chromatograms were 



FiO. 1. Photograph of chromatogram from hydrolysate 
of rat kidney mitochondria. (A) Aspartic acid, (B) glu¬ 
tamic acid, (C) lysine, (D) arginine, (R) glycine. (F) cys¬ 
tine (cysteic acid), «?) serine, (H) alanine, (I) histidine, 
(J) threonine, <K) methionine (methionine sulfone), (L) 
valine, (M) leucine and Isoleucine, (N) phenylalanine, (Q) 
tyrosine. 
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run on each sample, and comparisons between samples 
were made for chromatograms on which tho amino acids 
occurring in the highest concentrations gav/ spots of 
approximately equal area and intensity, as shown in 
Figs. 1 and 2. Mitochondrial fractions of the liver and 
kidney of the mouse and rat, and of pancreas, mammary 
gland, hepatoma, squamous cell, and mammary carcinomas 
in the mouse were analyzed. 

Photographs of two typical chromatograms arc shown in 
Figs. 1 and 2. The visible constituents are identified on 
Fig. 1. The yellow spots given by proliuo and hydroxy- 
proline are not visible on the photographs because of 
insufficient contrast, although they were visible on the 
original chromatograms. Eighteen amino acids were 
clearly identified on the chromatograms. Tryptophan 
was not observed because of destruction during acid 
hydrolysis. Glutamic acid, aspartic acid, glycine, alanine, 
serine, proline, tho leucines, and valine were present in the 
largest quantities. Somewhat smaller amounts of lysine, 
arginine, threonine, phenylalanine, and tyrosine were 
found. Methionine, cystine, histidine, and hydroxypro- 
line were present in the smallest concentrations. 

There was a remarkable constancy in the relative 
amounts of the chief amino acids found in the mito¬ 
chondria from the different samples of tissue examined. 
This is illustrated in Figs. 1 and 2, in which preparations 
from different organs of different species are compared. 
The chromatograms suggest the possibility that the rat 
kidney mitochondria might contain slightly more lysine 
and histidine and slightly less methionine than those from 
mouse pancreas. This will have to be checked by quanti¬ 
tative procedures. The patterns of amino acids found in 
the preparations from the malignant tissues examined 
were virtually identical with those obtained from normal 
mouse tissues. 

The similarity of the amino acid patterns found in the 
mitochondrial fractions of the various tissues studied sug¬ 
gests that there is a characteristic protein, or combina¬ 


tion of proteins, associated with these particles. The # 
results also indicate that the quantity of the dicarboxylic 
amino acids exceeds that of the basic amino acids. 
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On the Participation of the Reticulo¬ 
endothelial System in the ( 

Alarm Reaction 

P. S. Tifniras and H. Selyc 

Unfit ut de Madeline et de C.birurgie experiment ales. 
University de Mont real,.Montrial, Canada 

We wish to report upon experiments which revealed 
a marked increas in phagocytic activity of the reticulo¬ 
endothelial system during the alarm reaction, that is, 
during the first phase of the general adaptation syndrome. 

The reticulo-endotholial system probably participates 
in the defense of the organism through its phagocytic 
activity, and by production of antibodies, agglutinins, 
antitoxins, etc. (I, 4 ). A local increase in the activity 
of this system has been described in the thymus w 
after exposure to various acute nonspecific stresses, and 
in the spleens of rats subjected to chronic inanition (d) 
or injected with cortical extracts (£). Stimulated by 
these findings, we have performed two series of experi¬ 
ments in order to clarify the relationship between the 
reticulo-GBdothelial system and the hormonal and meta¬ 
bolic changes which occur during the alarm reaction. 

In our first experiment, 44 piebald male rats (average 
body weight 150 g) were divided into four equal groups: 
group I served as untreated controls; groups II, HI, 
and IV were fasted 48 hr, and during the last 24 hr 
were submitted to various stresses, such as cold (0-5° 
C), spinal cord transection (at the height of tho 7th 
cervical vertebra), and repeated, exhaustive, forced oxer- 
else. All animals were injected intravenously with 2 ml 
of a dilute solution of Higgins India ink (1 part India 
ink to C parts physiologic NaCl solution) 1 hr before they 
were killed. At autopsy, naked eye inspection showed, in 
all the stressed animals, a markedly increased deposition 
of India ink in the lung, kidneys, adrenals, bone marrow, 
and the * * hibernating gland. * f In the hibernating gland, 
this was accompanied by an acute discharge of lipid 
granules, hyperemia, and edema. These changes are char- 
acteristic of the alarm reaction, and have been given 
special attention elsewhere (6), Compared to the con¬ 
trols, the India ink deposition in the liver of tty alarmed 
rats did not seem to be significantly increased, while in 
the spleen there was a diminution of India ink deposition, 

• Subsequent histological caarntnation eOnfifated hty ex¬ 
tended the autopsy findings. There was intyae^ phngO- 
cytosis in the lung, kidneys, adrenals, boae mamw, hiber- 
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nating gland, thymus, and lymph nodes. Phagocytosis 
was not increased in the hepatic macrophages of the 
a lamed animals, In the spleen, which undergoes marked 
atrophy during the alarm reaction, there was a slight 
decrease in the India ink phagocytosis. 

In a second series of experiments, 20 piebald male rats 
(average body weight 130 g) were divided into four 
groups and treated as in the first experiment. The 
autopsy and histologic findings confirmed the observations 
already described. 

The results of our experiments suggest an active par¬ 
ticipation of the reticulo-endothelial system in the defense 
of the organism during the alarm reaction. 
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Colorimetric Estimation of Noradrenalin 
in the Presence of Adrenalin 

U, S. Von Euler and Ulla Hamberg 
Karolhuka Institute, Stockholm , Sweden 

Since noradrenalin generally occurs in animal tissues 
in a variable mixture with adrenalin (I, 8, 5), it has be¬ 
come desirable to find methods for quantitative assay 
of both substances in a mixture. This con be done by 
taking advantage of the difference in activity ratio of 
noradrenalin and adrenalin on various test objects, such 
os the blood pressure of the cat in chloralose anesthesia, 
and the hen's rectal cecum (J, 5). Although the general 
type of effect is the Same, noradrenalin may have 2-4 
times the effect of adrenalin on the cat ’n blood pressure 
weight for weight, but only 1/10-1/60 of the activity of 
adrenalin on the fowl's rectal cecum. By computing tho 
results of the assay, the relative amounts of noradrenalin 
and adrenalin may be estimated with a fairly high degree 
of accuracy. Though the biological method has the ad¬ 
vantage of high specificity and requires only small 
amounts of active material, it in time-consuming and 
necessitates the use of at least two test animals. For 
this reason a simpler chemical method has boon developed. 
The procedure given herein has been adopted as satis¬ 
factory, , • 

The biological material is purified either by adsorp¬ 
tion oh aluqiioft, according to the method of Shaw, modi¬ 
fied by van Euler (d), or by the method of Bergstrdra and 
Hannon (*), based an the ion-exohanga principle. 

The colorimetric method is based on the formation of 
noradrmmchrome and adrenochrome on oxidation with 
iodine* The adrenoCbrome formation is complete when 
iodfcw is allowed to act for 14 min *tpH 4.0, whereas 


only about 10% of the noradrenalin is transformed into 
noradreuochrome under the same conditions* On 3-min 
treatment with iodine at pH 6.0, maximal formation of 
noradrenochrome and udronochrome is attained. 

The procedure is as follows: To an amount of purified 
extract containing 20-200 pg catechol derivatives, 1 ml 
n-acetate buffer of pH 4 and 0.2 ml of 0.1 N iodine solu¬ 
tion is added. After precisely 1£ min, excess iodine is 
removed with 0.05 N sodium thiosulfate. The color is 
read within 5 min against a blank without iodine in a 
photometer at wavelength 620 mp. The procedure is re¬ 
peated with a second sample using acetate buffer pH 6 
and 3>min iodine treatment. Standard readings are 
made with 100 \ig adrenalin and noradrenalin at pH 4 
(1£ min), and pH 6 (3 min), giving the calibration fac¬ 
tors for both substances and the percentage of noradren- 
alin oxidized at pH 4 in \\ min. At 529 mp, the ad- 
renochrome figure is the same on oxidation at pH 4 and 
pH 6. 

Computation of results: 

« = reading at pH 4 (1^-min iodine treatment) 

6= “ “ pH 6 (3- “ “ " ) 

m = calibration factor for adrenalin {—.. —\ 

' reading for J 00 ^g/ 

».*= ** “ il noradrenalin “ 

p ~ relative amount of noradrenalin oxidized at pH 4 in 
lj min 

I noradrenalin - n . —- 
i-p 

adrenulin = »• | «-p j 

With mixtures of noradrenalin and adrenalin in vary¬ 
ing proportions, the results indicated in Table 1 were 
obtained. 

TABLE I 


Amounts added : 

adrenalin noradrenalin 

Calculated from readings: 

adrenalin noradrenalin 

aft 

ag 

aft 

Oft 

10 

90 

11,8 

80.8 

20 

80 

20.6 

80.5 

80 

TO 

80.3 

68.0 

40 

00 

40.8 

59.5 

50 

50 

50.7 

47.7 

60 

40 

81,1 

89.5 

70 

SO 

70.0 

30.4 

W> 

20 

79.7 

19.5 

90 

10 

00.8 

0.6 


The method has been repeatedly tested on purified 
suprarenal extracts and results have agreed well with 
those obtained from biological methods. 
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Syntheses of Isotopically Labeled 
2,4-Dichlorophenoxyacetic Acid 
(2,4-D) and Derivatives 

Hvnry R. Mahler, R. J. Speer, and Atnmarette Robert* 
Tex** Research Foundation, Renner, Texas 

The great interest in and wide use of 2,4-dichloro- 
phenoxy acetic acid (2,4-D) in recent years has prompted 


of thionyl chloride ( S ). In this manner we have syn-, 
th©sized 75 mg of the free acid, 60 mg of its morpholine 
salt, and 92 mg of its butyl ester, showing specific 
activities of 28, 23, and 24 jic/mg, respectively. 

We have also developed a method leading to 2,4-dichlor- 
ophenoxyacetic acid-l-C-14 by means of the sequence in 
Fig. 2. 

Potassium acetate-1-C-14 prepared in the conventional 
mamJlr (J) is chlorinated in nitrobenzene, using a modi¬ 
fication of OstWald's synthesis (5). Alkaline condensa¬ 
tion of the chloroaoetlc acid, which is never isolated as 


GOHaGOaH 


OCH s CO 


OCIfoCOoH 


OCH a CO s H 


/%/ 80 % 
X/ I 

a 


OCH 2 0O 2 H * morpholine salt 


OCIUCOCU 


OCH a CO a CH „CII a C H-j 

i/o, 4 


us to investigate the synthesis of this compound and such, with 2,4-dicbloropbenol then leads to the desired 
some of its derivatives incorporating radioactive isotopes. product. In this manner, 0.68 g of C u labeled 2,4-D was 


OCH*C*O a H 


/y cl 

BaC*0„ —-► CH 8 C*O b K --CH S C1C*0*H ---> 

60-90% 60-80% U 


One synthesis employs radioactive P* and leads to obtained, and showed a specific activity of 1.0 jnc/mg. 
2,4-diclaloro-5-iodopbem>xyacetic acid*I m through the se- Complete details of the work will be published elsewhere, 
quence of the reactions shown in Fig. 1. 

The 5 -amino compound Was prepared aa indicated (d), References 

diwtised and treated with radioactive sodium iodide, . . 

diluted with inactive natuial, thus yielding iodine. 1- m oI - 1 i«° <#P<0 < * ,r6o "‘ W#w t<w,t : ,olm 

labeled 2,*-D. The butyl eetiw wae obtained from the 2 oeTw.to’ R. w*. OUm. ms, aw, SOT. 


free add through the acidchloride prepared by mean* a. weum, w. c, ft at. J. ort. ekm': 
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Synergism of Thromboplastic Extracts: 
Synergistic Activity of Rabbit Lung and 
Brain Thromboplastic Extracts 

S. Gollub, Frank £. Kaplan, David R. Meranze, 
and Harold Tuft 

Laboratories of the Mount Sinai Hospital, Philadelphia 

In the course of attempts to standardize thromboplastic 
materials, an apparent synergism of some of those ma¬ 
terials was encountered. The purpose of this paper is 
to present evidence of such an effect in the thrombo- 
plnstic activities of rabbit lung and rabbit brain mix¬ 
tures. 

Acetone-dried rabbit brain and acetone- or air-dried 
rabbit lung were extracted with 0.85% NaCl and tested 
on frozen plasma from normal human subjects, utilizing 
our modified one-stage technique of Quick. Results of 
volumetric mixtures of the extracts when tested in this 
way are shown in Table 1 and graphically in Fig. 1, 
curves A, B, and C. 

The data demonstrate that there is increased thrombo 
plastic activity of mixtures of brain and lung extracts 
above that which would be anticipated by the process 
of mixing. This is particularly well demonstrated by 
curve B, where an extremely “slow ’ 9 lung preparation 
made by acetone drying was mixed with a 1 i rapid } * brain 



TABLE 1 


PLASMA A* PLASMA Bf PLASMA C* 




Brain- © 


lung 

ratio 

V , 

?5 

l.i 

5 5 5 

t* 

<za 

Observed 
C.T. in see 

fO® 

*5 

UU 

Observed 
C.T. tn sec 

!h 

CO 

1 00B 

0L 

34.8 


34.7 


21.0 


00 B 
10L 

— 

— 

14.6 

17.3 

17,0 

20.4 

80B 

20L 

v\;j 

14.8 

13.8 

19.8 

10,7 

19.8 

70B 

aoL 

3 2.0 

34.8 

13.1 

22.3 

15.6 

19.2 

0OB 

40L 

12.8 

14.8 

11.9 

24.8 

14.0 

18.6 

50B 

r» 0 L 

12.3 

14.0 

12.6 

27.3 

15.0 

18.0 

4 OB 

00 L 

1 2.2 

14.9 

32.7 

29.8 

13.7 

17.4 

30B 

70L 

in. 4 

14.9 

13.0 

32.3 

14.2 

18.8 

20B 

80 L 

14.1 

14.9 

18.8 

34.8 

13.7 

16,2 

10B 

90L 

0B 

100L 

14,0 

14.9 

14.9 

16.5 

40.4 

37.3 

13.5 

16.1 

15.7 

• Clotting time 

obtained 

with 

nir dried 

lung 

thrombo- 


phistin. 


t Clotting time obtained with acetone-dried lung thrombo¬ 
plastin. 
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preparation. A mixture of one part of brain extract with 
nine parts of lung extract exhibited sufficient synergistic 
action to shorten the clotting time from 40 to 15 sec. 
Tbs same effect is apparent in curves A and C, using 
more rapid initial preparations. This effect may be 
interpreted as due to a reshuffling of components in ft 
thromboplastin complex, or a rebalancing of functionally 
different thromboplastins. The effect of various clinical 
conditions on the prothrombin time determined with these 
thromboplastins is being investigated for possible appli¬ 
cation to routine prothrombin time determinations. 

The practical economic, value of this effect is the pos¬ 
sibility of increasing the yield of material from one 
animal several fold, and also of making available a more 
active preparation of thromboplastin. 

These considerations apparently apply also to mixtures 
of brain thromboplastin. Preliminary experience in this 
laboratory indicates that mixtures of * 1 deteriorated 
slow' 1 brain thromboplastin with fust thromboplastin 
in about equal proportions give prothrombin times equal 
to those obtained with 100% fast brain thromboplastin. 
If this is borne out, much thromboplastin, now discarded, 
may be salvaged. 

Chromatographic Analysis of a Mixture 
of Proteins from Egg White 

Herbert A. Sober, Gerton Kegelei, 
end Frederick J. Gutter 

National Cancer Institute, National Institutes 
of Health, Detbesda , Maryland 

Successful separations and analyses of a wide variety 
of compounds have been achieved with the use of ion- 
cxelumgo resins ( 4 ). As a result of the utilization of 
refrnctometrk optical methods of observation (8 ), the 


chromatographic separation of protein mixtures has been * 
predicted ( 10 t 15). In fact, Tiselius lias reported dis¬ 
tinct fractionation of protein mixtures on paper by the 
somewhat different technique of salting-out adsorption 
(14). 

This preliminary paper will outline briefly the experi¬ 
mental conditions used for a chromatographic analysis 
of a protein mixture, and its correlation with the results 
of an^lectrophorotie analysis of the same mixture, using 
the standard Tiselius apparatus (18). 

Tlie protein system studied, egg white albumin fraction 
(J), was prepared from hen's egg white by the addition 
of an equal volume of saturated ummopium sulfate and 
the subsequent removal of the precipitate formed. Just 
prior to use, the supernatant, which had been stored in 
the refrigerator, was dialyzed extensively against running 
tap water and two changes of 20 volumes of cold dis¬ 
tilled water. The pH of the final preparation was 0.8. 

In preparation for use, the resin, Dowox 50, 1 a cation 
exchanger in the 200-500 mesh size, was given successive 
overnight treatments with 4% ammonium hydroxide, 4% 
sulfuric acid, and 4% ammonium hydroxide, with exten¬ 
sive washing with distilled water between treatments, and 
a final washing with freshly boiled distilled water. The 
resin column was formed in one arm of a U-tube which 
contained n fused-in fine sintered glass disk to support 
the adsorbent, and was connected at the top to one arm 
of a standard tall center section Tiselius electrophoresis 
cell (7) through a 1-mm-diam hole in a specially made 
bottom section. The adsorbent column was 39.5 cm long 
and 6.9 mm in diam and was covered by a glass wool plug 
just below the sliding plate interface, connecting bottom 
and center sections of the modified electrophoresis cell. 
Just prior to the analysis, the U‘tube was washed and 
filled with protein mixture below the sintered glass disk. 
During operation, protein was introduced to the bottom 
of the column through the U-tube from a liquid reservoir 
above the other vertical arm. The whole assembly, except 



Flo. 1. Left, electrophoretic pattern of descending bountlnrles of eg# white albumin fraction In 0,1 u sodium acetate 
—0-05 m acetic acid butter at pH 8.90, after 8,620 sec electrolysis at 6,17 v/cm. Hiijbt, schiieren wanning pattern of 
effluent from chromatographic column during frontal analysis, flow ante 0.89 ml/hr. 


Ox: globulin, Ci conaibnmln, A : Ovalbumin, O: ovomucoid, ■ : false buffer bouadary. Arrows below patterns represent 
direction of electrophoretic migration or hydrodynamic Sow. 

1 Dow Chemical Company. Midland, Mich. 
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for til© protein reservoir, was immersed in an olectro- 
phoresis bath thermostatically controlled at 4° C. Bc- 
fractometrlc optical measurements were made on the 
effluent solution in the Tiselius cell above the column, 
using the schlieron scanning technique of Longsworth 
(6), This arrangement permits the application of the 
frontal analysis method of Tiselius and Claesson (1, 8, 

U). 

The electrophoretic analysis of the original albumin 
fraction is shown in Fig. 1, Left . Tho separation into 
three major components parallels the results of Longs¬ 
worth, Cannan, and Maclnnes ( 9 ). 

Tn Fig. 1, JMpht is shown the schlieren diagram of the 
material emerging from the column during frontal 

TAHLK l 

Analyses ok Km; White A in cm in Fraction 


Method 

und 

sample 

Ovomu- 

ei>ld 

% 

Aihu-* 

min 

% 

Con al¬ 
bumin 

% 

Total 

protein 

concu.* 

FnmtHl nmilysls 

13.2 

08.5 

18.8 

1.05% 

(original I 

Eleetrnpho rents 

19.0 

50.2 

22.8 

2.08% f 

(original i 

Electrophoresis 

10.7 

57.5 

21,4 



lcolumn effluent> 


* After water dialysis, assuming specific refractive index 
increment of 0.00185. 

t From freely diffusing boundary. 

analysis. The separation into three major components is 
again apparent. By means of a capillary, a sample was 
drawn from between tlio second and third peaks. Resolu¬ 
tion of this sample in the microelectrophoresis coll (1$) 
established the identity of proteins giving riso to the 
boundaries observed in frontal analysis. 

To investigate the possibility of protein deuaturation 
by the resin, electrophoretic and ultraceutrifugal analyses 
were also performed on material collected from the 
column after no further chromatographic resolution was 
indicated by the optical system. The schlieren diagrams 
obtained from electrophoretic analysis of the effluent 
reproduced in every detail the patterns obtained from 
the original egg white albumin fraction, indicating that 


adsorption onto and desorption from the ion-exchange 
resin had not altorod the charge distribution of the 
several protein components. However, the uUracentri- 
fuge experiments appeared to indicate that there had 
been small changes in tho sisse distribution, and this 
remains to be investigated in more detail. 

Comparison of the chromatographic analysis with the 
electrophoretic analyses of the original albumin fraction 
and of the effluent from the column is made in terms of 
percentage composition in Table 1. In addition, the 
total protein concentration of the sample shown in Table 
1 was determined separately from the schlieren scanning 
diagram of a freely diffusing boundary which had been 
formed against water and compensated into view in the 
electrophoresis coll. 

Although there is qualitative agreement between the 
electrophoretic and chromatographic results, it should be 
noted that both electrophoretic analysis and chromato¬ 
graphic frontal analysis are subject to quantitative errors 
(7, S f 8, 17), which have not been evaluated for the pro¬ 
tein system used here. An investigation of the possible 
magnitude of the errors involved in the frontal analysis 
of protein mixtures with this ion-exchange resin is being 
undertaken by the analysis of synthetic protein mixtures. 
The feasibility of extending tho present technique to 
larger scale separation of proteins is also under study. 
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Comments and Communications 


The Synthesis of Vitamin B la in the 
Digestive System of the Sheep 

Several months ago it occurred to ue that a relationship 
might exist between cobalt deficiency disease iu sheep and 
the fact that vitamin B 1a contains cobalt (Smith, E. L. 
Nature, Lond., 1948, 162, 144). Accordingly we fed one 
sheep 0.4 milligram of cobalt containing radioactive Oo 1 * 
and a second sheep 1 mg of cobalt containing traced 
cobalt. On subsequent examination of the feces it was 
found that more than half of the traced cobalt had been 
incorporated into an organically bound form. On treat 
ment of the feecs with 0.5 N IICl almost all tho active 
cobalt could be extracted. On extraction with butanol 
most of the activity went into tho organic solvent in a 
manner similar to the behavior of B la obtained from liver 
extracts (ibid,, 161, 638). Tests with inorganic cobalt 
show that a negligible amount passes into butanol from 
water solution under these conditions. Biological assay, 
using both Lactobacillus lactis Dorner (Shorh, M. S. 
Science, 1948, 107, 397), and Lactobacillus leichmannii . 
indicated the presence of large amounts of vitamin B J2 . 
Thus, sheep feces appear to be an important source of B, fl . 

We have seen the paper of L. S. Gall et al. ( Science, 
1949, 109, 468), showing that tho growth of certain bac¬ 
teria in rumen of the sheep is stimulated by the ad¬ 
ministration of cobalt. It is tempting to assume that 
these rumen bacteria synthesize the B Ja . 

Philip H. Abelson and Hugh H. Paicby 

Carnegie Institution of Washington, 

Washington, V. C. 

Scientific Research vs. the 
Theory of Probabilities 

There is an increasing tendency to force use of the 
theory of probabilities upon those engaged in scientific 
research. To me, scientific research is the attempt to dis¬ 
cover and establish principles for accurate prediction of 
what will happen. Can we use measurements and the 
absolute truths of tho mathematicians for accurate pre¬ 
diction in human Or biological affairs! 

To whom should one go for accurate prediction as to 
how long one will live? Mathematicians deal with this 
subject by means of the theory of probabilities, and the 
actuaries they train make the necessary calculations for 
life insurance companies. For the purposes of these com¬ 
panies one goes to a medical examiner to be classified as 
to length of life* However satisfactory for the companies 
these calculations and classifications may be, for the indi¬ 
vidual case the prediction may seora no hotter than that 
made by an astrologer. X was refused life insurance over 
twenty years ago, and the other day a neighbor was ac¬ 


cepted for life insurance in the morning and died going 
upstairs in the afternoon! 

Thdlprestige of mathematics is so great that many per¬ 
sons forget that even in mathematical hands, probability, 
chance, and random mcau ignorance. They come to think 
that, in the alembic of mathematics, chance in some way 
becomes certainty. They take great carey to select random 
samples without realizing that, insofar as a sample has 
been random, they don’t know T how it was selected. 

• Thu biologist ’s greatest, gift from mathematics might 
well be, not a theory that may delude him into belief 
that he is wise when he is ignorant, but rather the ideal 
of clear definition and-precise use of his terms and sym¬ 
bols, not excepting science and research . When we are 
faced with discrepant results in our handling of facts, 
four courses are open to us. First, we may gloss over 
our failure in prediction by saying that the exception 
proves the rule. Second, we may abandon our principle 
of prediction and fold our hands. Third, we may hold 
onto that principle and by piling up results and treating 
them mathematically try to show accurately, for intel¬ 
lectual satisfaction or for practical notion, just how much 
or how little the principle determines what happens. 
Scientists who content themselves with testing theories 
or supposed principles can well use the theory of prob¬ 
abilities and may call this scientific research. To go no 
further is to abandon the search for new principles that 
may permit accurate prediction in the individual case. 

Finally, we may be stimulated by the discrepancy be¬ 
tween our results and our expectations to discover un¬ 
known principles; this will be true scientific research. It 
is to be contrasted with, not assisted by, use of tin 
theory of probabilities. The latter is a most valuable 
tool for practical action on tho basis of current knowl¬ 
edge and current ignorance. 

A. G. Huntsman 

Department of Zoology, 

University of Toronto 

Name of the Soybean 

J. Faclt (Science, 1949, 109, 339) has proposed that the 
name Glycine Mast (L.), as used for the soybean, bo re¬ 
jected as having been based on a nomen confusum 
(Phaseolus Mate L.) and that the name Glycine Sofa (L.) 
Sieb. et Zuee. be taken Up in its place* Perhaps no plant 
has been subjected to more nonienclatorial buffeting and 
name-changing than has the soybean—a situation that al¬ 
ways is unfortunate, and the more so for a plant of eco¬ 
nomic importance. In a more recent extensive accounting 
for the correct name of this plant I have presented de¬ 
tailed analyses to support the contention that the legiti¬ 
mate name of the soybean is Glyoine Max (L.) Merrill 
(Lawrence, <>, H. M. Gantes herbarum, 1949, 8 fasc. 1*) 

The name of the soybean dates from 1733 when, in his 
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j Species plantarum, Limiteus designated it as Phaseolus 
Max. The description he gave is of itself inadequate, 
Paelt alluded to the presence in this description of ‘'some 
specific characters derived from another element, namely 
Phaseolus Mungo L." In the absence of specific details 
in support of his claim, it is indeed hazardous to accept 
his contentions and, contrary to his statement, I know of 
no contemporary botanists who treat the mung bean as 
conspccifie with the soybean. Offsetting this deficiency 
in his description of 1753, the earlier references cited by 
Linnams and the available type specimen of the plant 
mlike clear the identity of the soybean. Careful study of 
them fails to indicate the basonym of Phaseolus Max L. 
to l»e a 7iomen confusum , The specimen of Phaseolus 
Max, on which Linnseus based his name, was provided him 
by George Clifford, and is currently reported to be in 
the Linmenn herbarium. The more ample description by 
Linmeus in Hortus Cliff ortianus (1738) is presumed to 
have boon based on the same Clifford specimen, and this 
earlier account may serve to supplement the inadequate 
diagnosis in Species plantarum. 

It is the opinion of Paelt (loc. ait.) and, for wholly 
different reasons, of Hill (Bot. Mur. Leaflets Harvard 
Unix., 11)39, 7, 107) that the name of the soybean is 
Glycine Soja (L.) Sieb, et Zurc. The name as used con 
temporarily, and not originally by Siebold and Zueearini, 
was based on Dolichos Soja L. As was true of Phaaeolus 
Max, Linnaeus provided only a fragmentary description of 
Dolichos Soja in his Species plantarum , but cited his 
earlior and identical description as given in the Flora 
Zeylanica (1747), This earlier description was based on 
a specimen collected from cultivation in Ceylon by Paid 
Herman prior to 1677. After Linmeus' time the wild 
indigenous prototype or counterpart of the soybean be¬ 
came known to science. Moench (1794) considered it dis¬ 
tinct from the cultigen and named it Soja hispida. In 
1845 Siebold and Zueearini treated the same plant under 
the new name of Glycine Soja. This is a case involving 
two different types of specimens collected from two diver¬ 
gent geographic regions: Dolichos Soja L. from cultiva¬ 
tion and Glycine Soja Sieb. et Zucc., an indigen. Other 
early botanists considered the two plants to be different 
entities; later botanists have treated thorn aB conapeciflc. 
However, by Article . 18 of the Kales of Botanical Nomen¬ 
clature, we are not allowed to take up a name based on a 
different type from that accepted by the author of the 
name. Siebold and Zueearini clearly excluded Linnaeus' 
Dolichos Soja from their concept of Glycine Soja . It is 
most unfortunate that they chose the name Soja for their 
plant. Because of these circumstances it is incorrect to 
cite Linn®us as a parenthetical author of their binomial. 

I have attempted to refute Paelt’s contention, unsup¬ 
ported by requisite data, that Glydme Max (L.) is based 
on a nomm confusum and to show that in no case is the 
name Glycine Soja Sieb. et Zucc. available as a legitimate 
name for the soybean. It seems clear to me, until such 
time as the case may be reviewed and an opinion given 
by more competent authority, that we should continue to 
designate the soybean as Glycine Max (L.) Merrill. 

Gkokob H. M. Lawbesoe 

Bailey Bortorium, Cornell University 


A Six-Segment Head Regenerate in a Supposedly 
Refractory Earthworm Species, Lumbricus 
cast anew Savigny 1826 

It has been shown (Carpenter, E. Science, 1948, 108, 
625), that, contrary to general belief, a head of six seg¬ 
ments may be regenerated in the manure worm, Bisenia 
foetida (Savigny) 1826. This species, in proper labora¬ 
tory conditions, regenerates readily and rapidly. Lum* 
brious castaneus, however, has been thought to have little 
or no regenerative capacity, presumably because of 
Hescheler's failure to secure regeneration (Z. Nat., .Tcnu t 
1896, 30, 177). 

Material was secured from a pile of old leaves behind 
a Harvard building. Experimental conditions were the 
same as for E. foeiida (Gates, G. E. Biol. Bull., 1949, 
96, 129), except that in this case all regeneration was 
terminated at 30 days. The species has been found only 
twice in the IT. 8., and inability to secure further mnto- 
rial ended the experiments. 

All posterior substrates with transactions at levels 
from 4/5 to 7/8 inclusive survived and regenerated (no 
operations behind 7/8). Regenerates at 4/5 or 5/6 had 
little or no metameric differentiation. Regenerates at the 
next two levels were normally cephalic, of three (1 speci¬ 
men) and four segments (1) at 6/7, and at 7/8 of six (1) 
and 54 (1) segments. In the latter case the half-segment 
was wedge-almped and on the left side. The prostomium 
of each regenerate, apparently completely differentiated, 
was epilobie, rather than tanylobic as supposedly char¬ 
acteristic of the genus Lumbricus. 

Regeneration of a normal head of six segments at 7/8 
enables prediction of a species capacity to regenerate 
equimcric heads at 6/7 and all levels anteriorly. 

A six-Bogmont-head regenerate from such a limited 
number of operations, on a supposedly refractory species, 
seems to warrant another prediction, namely, that further 
investigation will show that the capacity for head regen¬ 
eration, throughout the family Lumbrieidae, has been 
underestimated. 

G. E. Gates 

Colby College, Waterville, Maine 

Determination of Condition of Oysters 

It is difficult to devise a method of evaluating the con¬ 
dition of an organism by making analyses of only ft few 
of the factors concerned. A recent publication by Robert 
M. Ingle (Science, 1949, 109, 593) illustrates the nature 
of this problem in the extensive researches now being 
made on oysters. 

Ingle mentioned that 'Mater workers have adopted the 
measurement of glycogen content as a supplementary 
method of evaluation,' * meaning supplementary to the 
"index" method, as explained herein, which was de¬ 
veloped by the writer and published in brief form in 
1938 (in Higgins, E. Rep. Commis. of Fish , 1937). 

glycogen method is the traditional one and has been 
employed by various investigators—P. H. Mitchell (Bull. 
U. S. $ur. 1917^ 35, 151), P. 8. GaHsoff at ah 

(BvM, U, 8. Bur, Fisheries, 1935, No. 18), and others. 
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It was because of the apparent unreliability of tUo glyco¬ 
gen method that the more recent index procedure was put 
into use. 

Ingle objected to the index method because his graph, 
in which he plotted index values against percent of glyco¬ 
gen, did not indicate a uniform relationship. The figure 
clearly proves his point, and in doing so should suggest 
the obvious conclusion that there is no reason for expect¬ 
ing the two methods to give comparable results. It would 
he very surprising should they do so, in which case the 
need for the index method would not have arisen. 

In applying this method, calculations are also made of 
the ratio of meats undrained and drained to the volume 
of the shell cavity. However, it has been found con¬ 
sistently that, because of osmotic effects from changes 
in salinity, the condition of an oyster, or of a group of 
oysters, as usually employed, may well be expressed by 
the equation referred to by Ingle, namely, 

100 x Dry w eigh t (g) 

Volume shell cavity (cc) 

The index method was specifically designed to give a 
picture, not of the glycogen cycle throughout the year, 
but of the actual quality of meat when reduced to a dry 
basis, in order to eliminate errors due to osmotic effects, 
maturation of gonads, and spawning, 

In further support of this point it is of interest to 
mention tho following figures on analyses of oyster meats 
(Chatfleld, C., and Adams, G. V. -8. Dept. Agr. Cir* 
rular No. S49, 1940): ** protein, 9.8%; fat, £.0%; car¬ 
bohydrate (glycogen), 5.9%. M These figures definitely 
refer to drained oysters during the winter season as 
used commercially, but they indicate that glycogen con¬ 
stitutes only about one-third of the tissue substance. 
The method of glycogen analysis ignores proteins com¬ 
pletely, though they are nearly double the glycogen; 
while the index method measures the entire amount of 
meat. 

A. E. Hopkins 

Biloxi Oyster Laboratory, Biloxi, Mississippi 

Effect of Dioxane and Sodium Hydroxide upon 
Lens Capsule and Cortex (Sqmtlus sp.) 

The use of these chemicals in conjunction with the 
study of the lens may complement certain laboratory 
activities in physiology and comparative anatomy. To 
demonstrate specific peculiarities of the lens the follow¬ 
ing procedures can be followed during the regularly 
scheduled laboratory periods without interrupting the pre¬ 
scribed requirements* 

A certified grade of dioxane should be used for opti¬ 
mum clearing of the lens structures. Appreciably fine 


results may be obtained from salvaged dioxane, if it ifc 
dehydrated with CaO and filtered before using. Dioxane 
and water are miscible in all proportions, but a more 
uniform infiltration occurs if the lenses are suspended in 
the medium rather than allowed to Test on the base of 
the vial. This caution should be observed if reclaimed 
dioxane is $tsed. 

type of Ions utilized in those procedures may be 
obtained from the commercially preserved dogfish. The 
lens must be carefully removed from the eye to avoid 
injuring the lens capsule. It is then immersed in the 
dioxane for 10 min, removed, and air-dried. 

A Ions so treated will appear ns nuclear, pole amber, 
uniformly homogenous structure* In this condition it is 
impossible to distinguish the cnpsular, cortical, or nuclear 
components because of their uniform transparency. Very 
faint striations and suture lines may, however, be ob¬ 
served on tho surface of the capsule with the aid of a 
hand lens. This preparation, because of its clarity, 
serves most efficiently for the demonstration of the re¬ 
fracting and focusing powers peculiar to lenses. 

If the capsule is mechanically scratched or broken, and 
the specimen again immersed in dioxane for 2$ min, white 
opacities, comparable to cataracts, appear upon tho cor¬ 
tical surface. Excessive exposure to dioxane will render 
the entire specimen white. 

Further observations pertaining to the cortex may be 
facilitated by the use of 20% NaOH solution. The Ions 
should be placed in the alkali for 15 min, then washed 
and dried. This treatment will clearly reveal the capsular 
suture lines. 

If the alkaline-treated lens is observed before drying, 
the lumellated character of the slightly swollen cortex is 
readily seen; and it may easily be peeled. The removal 
of the cortical strata will expose the nucleus, which is a 
transparent, amber, homogenous unit, free of Btriationa 
and lamellations. 

By holding the moist lens against the light before re¬ 
moving the cortex, the shiny nucleus may bo seen almost 
centrally located within the gelatinous cortical envelope. 

Prolonged exposure of the lens to the alkali, 24 hr, 
will cause a gross swelling of the cortex and of the nu¬ 
cleus, and a change from tho clear state to a uniformly 
hazy condition. 

This procedure provides a means of more completely 
utilizing the lens when the structure of the eye is studied 
in comparative anatomy; and a means, also, of demon¬ 
strating the refractive powers, cataracts, and other leus 
characteristics in physiological applications. 

)) ouvillc College, Buffalo, New Fork 
- I). 8. Po-Chbdley 
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Economic geography of the USSR* 8. 8. lialzak, V, F. 

Vasyutin, ami Ya, G. Fcigin. (Eds.) New York: 

Macmillan, 1949, Fp. xlv + 619. (Illustrated,) $10.00. 

This is a volume which opens with a quotation from 
Stalin, and closes with reference to polar fliers who “are 
ready, if it becomes necessary, to transfer from civilian 
to military planes and destroy the enemy, wherever ho 
may be. ’ 9 Between these two items, unusual in a volume 
of economic geography, ure four comprehensive chapters 
on natural resources, industry, agriculture, and transport 
as seen by the geographer, plus three ideological treatises 
on the Soviet interpretation of production and popula¬ 
tion under tsar and socialism. 

Economic geography of the VNtiJt is nonetheless valu¬ 
able if it combines excellent geography with partisan 
ideas, for the Soviet lands cannot be understood without 
both. With major reservations, this promises to be the 
definitive volume on Soviet geography. It. was originally 
published in 1940, largely with 1935 data, and is here 
translated under the auspices of the American Council 
of Learned Societies with the editorship of Chauney II, 
Harris. This is the only comprehensive geography of 
the Soviet Union over to be published in Russian and its 
translation is a major event. Fifty-three tables, 83 
maps, and six appendices provide n wide array of infor¬ 
mation nowhere else available; in fact, the American 
translators have materially enriched the original volume. 

It is now clear that the USSR is second only to the 
USA in the wealth of its resources: 

Thus, tho USSR has diverse natural conditions and naturul 
riches such as are possessed by no other country in the world, 
“From the standpoint of natural wealth, we arp completely 
secure. We have even more than we need.” Hut In onier 
to put these natural riches completely Into the service of tUn 
working people, In order to create an abundance of all kinds 
of products, “there must he a government with the desire 
and the power to direct the utUIzutlon of this huge national 
wealth for the benefit of tho people. Do we have such a 
government? We do." 

(Quotation from Stalin.) What is also clear, although 
not stated by the authors, is that limitations of cold, 
drought, and continentality place permanent restrictions 
on economic developments. One might suggest that in 
academic terms, the be$t t * grade J ’ the Soviet lauds may 
hope to receive under any conditions of government is no 
better than an A-. This is, to be sure, a creditable rat¬ 
ing, although not yet achieved. 

Two sentences, chosen at random, reflect Soviet think- 

TJho capitalist tpwn subjugated the village and artificially 
retarded Its cultural development. For this reason, In the 
eyes of the peasants the town was always the focus of their 
exploitation. . • • The Marxlst-Lenlnist understanding of 
the role of the natural-geographic environment has nothing 
in common with crude geographic theories / Vi as explained 
by bourgeois geographers and economists. . ... , , 

- ; . ; v ■ , GkohosB. CaghHEY 

Syraeuee University 


Veterinary helminthology, Banner Bill Morgan and 

Philip A. Hawkins. Minneapolis 16, Minn.: Burgess 

Publ., 1949. Pp. ix + 400. (Illustrated.) $7.00. 

Everyone who deals with animals knows that there 
is a whole world of parasitic life associated with them. 
Probably everyone but a specialist with a bulging reprint 
library, however, would be astonished to know what an 
extraordinarily abundant and diverse part of this fauna 
the helminths represent. Morgan and Hawkins, in their 
text and reference book, have undertaken the formidable 
task of digesting this literature with reference to il ani¬ 
mals of veterinary importance in North America 99 for 
the first time. The result is an Impressive 400-page 
volume of encapsulated information, concerning both 
host* and worms, species by species. 

Following a general introduction (30 pp.) there are 
chapters on the helminths of tho horse (32 pp.), of cattle 
(38 pp.), of sheep and goats (55 pp.), of swine (36 pp.), 
of the dog and cat (57 pp.), of poultry (45 pp.), of fur 
bearers (44 pp.), and on diagnosis (20 pp.). There is an 
appendix, principally of host lists (13 pp.), and a com¬ 
prehensive index (14 pp.). 

Tho authors deal with over 130 genera and about throe 
times that many species. I>rawing on an extensive teach¬ 
ing experience, they present for each species selective in¬ 
formation—so far as possible—on synonyms, common 
name, disease, morphology, life history, symptoms, pathol¬ 
ogy, diagnosis, treatment, and control. Bugplcbienting 
the text are ke?k for identification of various groups and 
life history stages, and 63 plates of line drawings and 
maps. From the degree of attention accorded them, the 
parasites of greatest interest in this field in America are 
Faedoia hepo/im, Moniesia exponsa, Oesophagoetommn 
columbianum, Ilaenonohu* oontortue , Trichoetrongylue 
cplubrifonrnis, Ascaris lumbricoide*, Triehinella epiraUe, 
Anayloetoma caninum, and DirofUaria immitin. Besides 
emphasis on the veterinary problem, ns such, relationships 
between parasitized domestic and wild animals and 
helminthic infections of man are considered. 

The volume is a useful encyclopedic work, although 
it shows, as a first edition, certain rough spots in phrasing 
and proofreading. One is tempted even in a general 
review to raise a few questions, however. An idea tacit 
throughout the presentation seems debatable in our pres¬ 
ent under standing of worm-host relations—namely, that 
“on animal Infected with worms is offering from hel¬ 
minthiasis r * (italics by reviewer). The verb implies as 
a rule more than is frequently true physiologically. Im¬ 
munizing infections with worms are briefly discussed, and 
whereas up to now artificial immunization has not been as 
fruitful a procedure with helminths as with certain other 
parasitic agents, it is scarcely correct to say that “the 
introduction of suspensions of helminths or dead hel¬ 
minths into the host has not resulted in the production of 
any immunity V (p. 7)* One misses a chapter on the 
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ever present problem of cross infection of hosts capable 
of parasitization by the same helminthic species. Com* 
partmentalization host by host is a marked convenience 
for discussion, but doesn't adequately reflect the way of 
nature. For instance, horses, cattle, sheep, and goats all 
harbor the minute Trichostrongyhis axei, which may on 
occasion have its degree of pathogenicity obscured by 
attention centered on the larger helminths. Do these 
hosts *■ t suffer 9 9 equally by infection with this nematode t 
If unequally, is the placing of horses in infested cattle 
or sheep pastures a danger, or means of control I Is the 
reverse order of pasturing advisable! 

In regard to cross infections to man, the indication that 
Taenia naginata (p. 80) may cause human cysticercosis 
as a blind alley infection with a facility equal to that 
of T. solium (p. 167) is unwarranted, a point especially 
unfortunate as to cerebral cysticercosifl, in which the 
pork tapeworm alone has been implicated. Moreover, the 
statement that for Bymenolepis nana * i rodent and human 
forms are interchangeable" (p. 337) is counter to cur¬ 
rently available evidence. If there were no other domestic 
animal reservoir of helminthic infection for man than the 
hog for Trichinella spiralis we would still have a chal¬ 
lenging public health problem, and there is need for cau¬ 
tion in emphasizing forms of no demonstrable threat. 

Such errors have a tendency to emerge where authors so 
obviously strive toward simplification of statement in a 
complex subject. It is easy to overdo simplification and 
the unqualified declarative sentence strikes this reviewer 
as having been rather too freely employed. What is wrong 
with the occasional use of the interrogation point in text¬ 
books! 

The helminths of domestic animals are going to be with 
us for a long, long time. And, as an experimental area, 
veterinary helminthology oilers unsurpassed opportunities 
to explore biological and practical angles of worm-host 
relationships. Not a few of these can contribute to 
central problems in which the human host has a very 
great interest indeed. Morgan and Hawkins have helped 
specifically to open these areas to further exploration. 

Nob man R. Stoll 

Rockefeller Institute for Medical Research, 

Princeton, New Jersey 

Pert*mol adjustment in eld age. Ruth Shonle Cavan, 

Ernest W. Burgess, Robert J. Havighurst, and Herbert 

Goldhamer. Chicago: Science Research Associates, 

1049. Pp, xiiH204. $2.96. 

The purposes of this volume are <1) to define and 
analyze the nature, pattern, and problems of individual 
adjustment to aging; (2) to present certain facts about 
old age obtained from census data and a special survey 
by the authors; and (3) to describe two questionnaires 
used for measuring the adjustment of the senescent and 
senile. Its contents are of particular interest topbysi- 
clans, psychologists, sociologists, and social workers. 
The authors have neither pioneered in an entirely nswfteid 
nor hays they produced a definitive work, but theirs is 


a valuable contribution to the rapidly growing literature 
on geriatric sociology. 

Problems of adjustment in old age and the techniques * 
for developing a valid instrument for their measurement 
arc discussed in considerable detail. Two instruments 
devised by the authors, an "Inventory of Activities" and 
an "Index of Attitudes," although admittedly imperfect, 
are the basis for much of the data in this study. The 
statistical treatment is thorough but a succinct summary 
of results is lacking. The check list for the detection of 
neuroses is of questionable value, sinee it lists many 
symptoms also characteristic of the organic disorders * 
frequently found in elderly persons, /In the discusssion 
of adjustment cycles in old age it is assumed that during 
middle age the individual has been both personally and 
socially well adjusted. This assumption is, of course, 
entirely unwarranted and ignores the continuity of emo¬ 
tional difficulties from one period of life into the next. 
The "Index of Senility" is open to serious criticism, for 
it contains a large number of nonspecific items which 
might be misconstrued. In summary, Personal adjust’ 
went in old age is an interesting book, but it should 
be read critically rather than taken at its face value. 

8. T. Kimble 

Washington , D.C. 

Mathematical foundations of statistical mechanics. A. I. 

Khinchin. (Trans, from the Russian by (I. Gamow.) 

New York (19): Dover Pubis., 1949. Pp. viii + 179, 

$2.96. 

Introduction to statistical mechanics. G. 8. Rush brook e. 

New York: Oxford Univ. Press, 1949. Pp. xiii + 334. 

$ 5 . 50 . 

These two books stress different aspects of statistical 
mechanics, and they are written for two different groups 
of readers. Khinchin’s book is written primarily for 
mathematicians, while Rushbrooke's text is intended for 
students of physical chemistry. 

The main interest for a physicist in Khinchin^ book 
will probably lie in two points. The more important of 
these is Khinchin’s discussion of the ergodic problem. 
The second point is his discussion of the order of magni¬ 
tude of the terms usually neglected. The importance of 
this can be seen from Schubert's recent criticism of Gen¬ 
tile's intermediate statistics ( Z . Naturforschung, 1946, 

i, m). 

It is, however, to be doubted Whether Khinchin*s book 
will find a wide audience, apart from mathematicians 
wanting to got acquainted with statistical mechanics, or 
physicists wishing to brush up their knowledge of the 
- ergodic problem. The book is written without a physical 
background and deals only with classical statistic me¬ 
chanics, while it might have been hoped that this treatise 
could hate supplemented the masterly analysis of the 
Ehrenfests in the RneyJclopaedie dor Mathcynatisohen Wit* 

4enschafien. However, the typical quantum mechanical 
problems are not discussed at aU, and th$ footnote da 
page W ahoWs that Khinekin ’s understanding of these 
problems is limited, A $t*$rly tetri 
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makes the book very impractical to use. For instance, 
it is nowhere stated where one can And the important 
Birklioff theorem—the center piece of the whole book, 
in my opinion. For the interested reader, the reference 
is: Proc. nat, Acad, Sri., Wash*, 1031, 17, 050. 

Dr. Gamow’s own Russian background at times peeps 
around the corner, e.g., when the name Birklioff is also 
transcribed (from the Russian transcription ) as Virkoff 
on page 27. To call the ideal gim law Clapeyron's law 
(p. 121) should not have been permitted by Dr, Gainow, 
who must know that Clapeyron was only S years old 
when Gay-LusHnc first announced his law in 1802. 

Rushbrooku’s book can be highly recommended as a 
textbook for intermediate courses in statistical mechanics. 
It is comparable to Mayer and Mayer's book, but is not 
as extensive as this widely used text. Tho mathematics 
is kept simple and a great number of exercises at the 
end of each chapter greatly increase its usefulness. 

For the sake of simplicity, the author has given up 
rigor. Characteristic of tho tenor of the book is the 


author's statement in a footnote on p, 58: **. . . this 
naive statement is not seriously misleading, and conveys 
the correct idea.'' 

It is a great pleasure to see a text on statistical me* 
ehanics which strongly advocates the use of Gibbs' grand 
ensembles. In this connection it is strange that on page 
268 de Boer's work is not mentioned explicitly. The 
absence of Fowler's monograph in the list of standard 
treatises is rather surprising, since it is practically the 
only text referred to in British papers in the field. It is 
strange to me that the old quantum mechanical statisti¬ 
cal mechanics in used, instead of the Fenni-Dirac and 
Bose-Einstein statistics, as the basis of this treatise and 
as a basis for the subsequent transition to classical sta¬ 
tistics—but thig is certainly a minor point, which does not 
affect the great value of Rushbrooke's text for those 
students who wish to get acquainted with the basic ideas 
of statistical mechanics. 

I). ter Haar 

Purdue University 


Association Affairs 

The New York Meeting, December 26-31, 1949 


The Science Theater 

The AAA8 Science Theater, now a permanent feature 
of the Association's annual meetings, will show recent 
scientific films almost continuously throughout the meet¬ 
ing period. Hours are: Deceihber 26, 2: 00 p.m. to 6: 00 
p.m.; December 27, 9: 00 a.m, to 1 : 00 p.m, and 2: 00 
p.m. to 10; 00 p.m,; December 28, 29, and 30, 9: 00 a.m. 
to 1: 00 p.m. and 2: 00 p.m. to 6; 00 p.m.; December 31, 
9: 00 a.m. to 1: 00 p.m. Seating is at any time. The 
schedule has been so arranged that programs given in the 
first half of the week are repeated in the second half, 
and shifted from morning to afternoon, to give regis¬ 
trants another chance to see films that interest them. 

The Science Theater is on the 18th fioor of the Hotel 
Statler, just back of the express elevators. The capacity 
of this room is limited, so that admission, although free, 
is restricted to registrants. Showing a registration re¬ 
ceipt will do, but wearing a badge will save time. 

The Association is greatly indebted to all those who 
made these pictures and lent them for showing. Special 
appreciation is due the First District Dental Society of 
New York for making available its lecture room and 
screen. 

The schedule follows: 

Program 1 

Monday afternoon, December 26 
2:00 pm.-6:00 p*m. 

1. Magana —South African Scientific Liaison office. 

Sound, color, 25 minutes. 


2. Anterior Dislocations of the Shoulder — Davis & Geek, 
Inc. Bilent, color, 41 minutes. 

3. Meiosis —Arthur T. Brice. Bound, black and white, 
19 minutes. 

4. Safety in the Chemistry Laboratory —Indiana Uni¬ 
versity. Sound, black and white, 15 minutes. 

5. Solar Prominences —University of Michigan. Sound, 
black and white, 11 minutes. 

6. Conquest of the Hudson —Port of New York Author¬ 
ity. Sound, black and white, 20 minutes. 

7. Then It Happened —IT. 8. Forest Service. Sound, 
color, 10 minutes. 

8. Avian Cecal Coecidums —Ohio State University. 
Silent, color, 30 minutes. 

0. Bound for the Caribbean— Royal Dutch Air Lines. 
Sound, color, 45 minutes. 

Program 2 

Tuesday morning, December 27 
9:00 am.-l:00 pan. 

1. A mputation Frostheses end Their Uses, I —Medical 
Section Headquarters, 1st Army, Governor *n Inland, 
New York City. Sound, black and white, 34 minutes. 

2. Story of DDT —British Information Services. Sound, 
black and white, 25 minutes. 

3. Madar Detection of Storms Occurring in the New 
England Area —Massachusetts Institute of Tech- 
nology. Silent, black and white, SO minutes. 

4. Stepping Along with Television —American Tele¬ 
phone and Telegraph Company. Sound, black and 
white, 11 minutes. 
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5. Brownian Movement—Army Chemical Center. Silent, 
black and white, 15 minutes. 

6. Story of Palomar —California Institute of Tech¬ 
nology. Sound, color, 40 minutes, 

7. Skin Antiseptic# —Chilean Iodine Educational Bu¬ 
reau, Sound, black and white, 50 minutes. 

B, Cell Divikos—Arthur T. Brice. Sound, black and 
white, 10 minutes. 

0. Surgical Approach for Hypertension —Garfield Me¬ 
morial Hospital, Sound, color, 20 minutes, 

JO. Colour —British Information Services. Sound, color, 
14 minutes. 

Program 3 

Tuesday afternoon, December 27 
2:00 p.m.-6:00 p.m, 

X. Image Dissector Motion Pictures at Ten Miltihn 
Frames per Second —University of Rochester. Silent, 
black and white, 15 minutes. 

2. Amputation Prosiheses and Their Uses. 11 —Medical 
Section Headquarters, 1st Army, Governor’s Island, 
New York City. Sound, black and white, 34 minutes. 

3. Story of Lubricating Oil- —IT. 8. Bureau of Mines. 
Sound, color, 21 minutes, 

4. Charting the Seas —British Information Services. 
Bound, black and white, 24 minutes. 

5. Crystal Clear —American Telephone and Telegraph 
Company. Sound, color, 20 minutes, 

O. Studies of Specificity of Nonhemolytic Streptococci 
in £ elation to Idiopathic Epilepsy, Schizophrenia, 
Encephalitis and Poliomyelitis —E. C. R os-now. 
Silent, black and white, 20 minutes. 

7. Principles of Electricity —-General Electric Company. 
Bound, black and white, 40 minutes. 

8. On Time and Light —Henry M. Lester. Silent, color, 
20 minutes, 

P. The Hurricane -Circuit — IT. 8, Department of State. 

Program 4 

Tuesday evening, December 27 
6:00 pm.-lO :00 p.m. 

1. Artificial Insemination- of Rabbit# and Transplanta¬ 
tion of Babbit Egge— Worcester Foundation. Silent, 
color, 20 minutes. 

2. Gift of Green—Sugar Research Foundation. Bound, 
color, 20 minutes. 

3. Life History of the Pocky Mountain Wood Tick — 
XT. B. Public Health Service. Bileut, color, 45 
minutes. 

4. Jet Propulsion —General Electric Company, Sound, 
color, 15 minutes. 

5. Wyoming and Its Resources—V. 8. Bureau of Mines. 
Sound, color, $0 minutes. 

.6. Conqwring the Jungle—Goodyear Tire & Rubber 
Company. Sound, hlack and white, 10 minutes, 

7. A mputations for Occlusive Arterial disease—Davis & 
Gcok, Inc. Silent, color, 30 minutes. 


8. Project 6-4040, High-speed Studies of Safety Glass—* 
Monsanto Chemical Company. Sound, color, 18 
minutes. 

9. Exploring with X-Rays —General Electric Company. 
Sound, black and white, 40 minutes. 

Program 5 

W Wednesday morning, December 28 
9:00 a.m.-l:00 p.m. 

1. Highway to Alaska —Allis-Ohnlmers .Manufacturing 
Company. Sound, color, 23 minutes. 

2. Millions for Safety —Port of New York Authority. 
Bound, black and white, 10 minutes. 

.3. This is Nylon —E. I. du Pont de Nemours & Com¬ 
pany. Sound, color, 29 minutes. 

4. Timber and Totem Poles —IT. 8. Forest Service. 
Round, coIot, 10 minutes. 

5, Voice Sentinel —American Telephone and Telegraph 
Company. Sound, black and white, 10 minutes. 

f>. Nevada and Its Resources —TT. B. Bureau of Mines. 
Sound, color, 31 minutes. 

7. The Story of Tin Plate —TT. S. Bureau of Minos, 
Sound, color, 21 minutcR. 

8. They Also Serve —American Medical Association. 
Bound, black and white, 15 minutes. 

9. Pacific Halibut Fishing—V. 8. Fish & Wildlife 
Service. Sound, color, 12 minutes. 

10. Application of Cinefiuorography —R. F. Buahmer. 
Silent, black and white, 10 minutes. 

11. One Second in the Life of a Hummingbird—New 
York Zoological Society. Silent, color, 15 minutes. 

12. Baby from Borneo —New York Zoological Society. 

13. This is Their Story —Film Program Services 
(TTncsco). Sound, black and white, 20 minutes. 

Program 6 

Wednesday afternoon, December 28 
2:00 p.m,-6:00 pjn. 

Some as Program 2. 

Program 7 

Thuraday morning, December 29 
9;00 a.m.~l:00 p.m. 

Same as Program 1. 

Program 8 

, Thuraday afternoon, December 29 

2:00 p.m.~6:00 p.m. 

Same as Program 4. 

Program 9 

Friday morning, December 30 
9:00 a.m.-l:00 pjn. 

Same as Program 2. 
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Program 10 

Friday afternoon, December 30 
2:00 p.m,-5:00 p.m. 

8ame as Program 5. 


Program 11 

Saturday morning, December 31 
9:00 am.-l :00 p.m. 

Selections from Programs 1—6. 


NEWS and Notes 


Reports on Antiseptics Conference, New England 
Geologists’ Meeting, and Optical Society Meeting 


A Conference on Mechanism and Evaluation of 
Antiseptics was held October 28-29 under the sponsor¬ 
ship of the Section of Biology of The New York Academy 
of Sciences. A registered attendance of 618 was reported 
by Herbert L. DaviH, of the Ethlcon Suture Tinhorn lories, 
conference chairman. 

Tho purposes of the conference were: (a) to summarise 
and evaluate existing information on the mode and extent 
of antimicrobial agents in vitro ami in vivo , mid (b) to 
reveal those avenues of investigation likely to produce 
more active compounds and more effective application of 
them. Perhaps the most significant outcome of the con¬ 
ference was the general acceptance of the view that the 
action of antimicrobial agents is governed significantly, 
if not primarily, by the principles of colloid chemistry, 
whether these agents be rapidly lethel disinfectants, skin 
antiseptics, or chemotherapeutic drugs. Living organ¬ 
isms are colloid structures, and antimicrobial substances 
of both biological and synthetic origin must first be ad¬ 
sorbed on or in tho organism. Although some of the 
mechanisms of antimicrobial action, such as protein co¬ 
agulation and poisoning of essential enzyme systems, are 
well recognized, others arc only suggested by present evi¬ 
dence. Of particular interest is the observation made in 
several separate studies that adsorbed substances alter 
the permeability of the cell wall, causing release of bac¬ 
terial protein, other nitrogenous materials, and electro¬ 
lytes, Thus, the cell U no longer in equilibrium with its 
environment. It became increasingly clear during the 
sessions that empirical testing of compounds should yield 
to a systemic and rational study of the mechanisms by 
which existing antimicrobial substances act. 

The 35 papers presented at the conference dealt with a 
wide variety of compounds, including antibiotics, cationic, 
anionic, and nonionic agents of high surface activity, halo¬ 
gens, heavy metals, and ethyl alcohol. Several authora~em» 
phaalaed the frequent lack of correlation between results 
w5th”anIBeptics in vitro and in vivo. Because results in 


vitro arc frequently false due to inadequate test conditions, 
considerable discussion concerned the need and continued 
search for better antiseptic neutralizers with which to 
distinguish between bacteriostatic and bactericidal effects. 
It was generally agreed that once activity in vitro is es¬ 
tablished the crucial tests are those which simulate actual 
clinical use. Hero toxicity to tissue is of primary im¬ 
portance, but there is still disagreement as to the proper 
type of tissue to use. One new procedure which directly 
measures the prevention of sepsis in vivo was presented 
at the conference and well received. 

Microbial populations are heterogeneous in that the 
constituent cells possess varying degrees of resistance. 
This is not a now concept, but one too frequently ignored 
in the field of disinfection. One paper at the conference 
explored the nature of this variation and the factors in¬ 
fluencing it; another proposed that the commonly ap¬ 
plied albor-none end point be replaced by n less severe 
criterion of antiseptic usability, the count of surviving 
organisms. 

This report would be Incomplete without mention of the 
fact that the value of othyl alcohol as an antiseptic and 
disinfectant was reaffirmed and that the addition of anti¬ 
septics to 70 percent ethanol foiled in some instances to 
increase activity. Another point of Interest was the re¬ 
ported antiviral activity of several types of antiseptics. 

There emerged from the conference a clear recognition 
that a whole panel of tests are necessary to establish the 
value of an antiseptic, and that the greatest emphasis 
should be placed upon those procedures in vivo which 
measure prevention of sepsis. It was equally apparent, 
however, that many fundamental problems remain almost 
untouched. It is not known, for example, whether the 
same or different mechanisms are involved when bacteria 
are rapidly killed by a strong concentration but merely 
inhibited by a weaker one. Nor was any new information 
presented as to how bacterial spores are destroyed. 

EjUWjX H, flPAL'UMNO 
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New England Field Geologists. More than 165 
geologists, representing 20 colleges, attended the 42nd 
annual field meeting of the New England Intercollegiate 
Field Geologists, meeting October 14-16, 1949. Robert. 
L. Nichols and Charles Stearns, Department of Geology, 
Tufts College, were hosts and were Assisted by Marl and 
P. Billings, Harvard University, L. W. Currier, U. S. 
Geological Survey, and Robert Shroctk, Massachusetts In¬ 
stitute of Technology. 

Frof. Shrock led a group on Friday afternoon to study 
the critical exposures of the well-known Squuntum tillite 
complex which is, in places, underlain by similar rock in 
which thin bedding, interpreted as varves, is developed. 
Other microstructures in tillites and associated stratified 
rocks were studied. 

The lithology and stratigraphy of the area surrounding 
the Chemsford granite were discussed at selected points 
by a group led on Saturday by L, W. Currier. Problems 
of granitization and the relative degrees of 4 * invasive 
metamorphism * \ were noted. The stratigraphic sequence 
of rocks in the area was noted, and it was illustrated on 
the trip that 1) pebbles of the Merrimack quartzite (old¬ 
est in series) occur in the overlying Harvard conglomer¬ 
ate; 2) that the Harvard conglomerate, at the base of the 
Worcester phyllite, should be considered a local member 
of the phyllite; 3) that this phyllite grades upward into 
the Rrimfleld schist; and, that the schist grades upward 
into a paragneiss. Correlation of the Merrimack with 
the Oakdale quartzite farther southwest and with the 
' Kittery quartzite to the northeast was suggested. Char¬ 
acteristic outcrops of the several formations and the 
border zone of granitizod quartzite wore studied. 

Profs. Nichols and Stearns Ted 0 large group on Satur¬ 
day to study bedrock geology, glacial geology, and shore¬ 
line geomorphology in the area of the north shore from 
Wmthrop and Ipswich. Recently built tombolos near 
Winthrop, drumlins northeast of Boston, and deposition 
of flying bars wore observed. Peat deposits, older than 
the present beach deposits, were studied near Revere 
Beach, Blue Clay deposits, with Greenland fossils, rest¬ 
ing beneath beach sands and gravel in some areas, indi¬ 
cated a previously higher stand of the sea. On Nahant, 
the group examined Cambrian metamorphosed sediments, 
including diabase sills, folded into synclinal structures 
and invaded by gabbro. 

Another large group, led by Prof. Billings, studied the 
stratigraphy of the Boston Basin in the vicinity of Nan- 
taskefc on Sunday. Interbedded basic tuffs and basic 
flows constituting the north Umb of a syncline were ex¬ 
amined and conglomerate outcrops on the south limb of 
the anticline were visited. It was possible to observe 
that the conglomerates Angered out northward into vol¬ 
canic rocks. In places, the Roxbury conglomerate rests 
uncomformably on the Dedham granodiorite and encloses 
large (6-ft diameter) blocks of the Dedham. The leader 
pointed out evidence to sustain the thesis that the Box* 
bury was deposited on a surface of perhaps fiOO-ft relief 
in the Nantasket area and 3500 ft in the Hingham area. 


The evolution of Nantasket Beach was discussed by 
Nichols, who pointed out wnve-cut cliffs now one-quarter 
mile landward from present sea level. 

At tho regular business session of the group, held in 
Barnum Museum, Tufts College, the 1950 field trip was 
assigned to Joseph Trefethen, head of the Maine Uni¬ 
versity Department of Geology at Orono. 

* Lloyd W\ Fibhkk 


OSA at Buffalo. Optical microscopes and microscopy 
received major attention at the 34th knnual meeting of 
the Optical Society of America, which was held at the 
Hotel Stntler, Buffalo, New York, on October 27, 28, ami 
29. Five excellent invited papers were followed by a 
group of contributed papers on aspects of microscopy, 
and guve the listeners a very well-rounded picture of tho 
distinguished history/current practice, and new frontiers 
of this important branch of applied optics. 

Loon V. Foster, of the Haunch and Lomb Optical Com¬ 
pany, surveyed the steady development of the optical 
microscope as he has observed it and participated in it 
during the past 30 years. Harold Ostcrbcrg, of tho 
Scientific Instrument Division of the American Optical 
Company, discussed in a scholarly fashion the somewhat 
academic subject of microscope imagery and its interpre¬ 
tations, progressing beyond the classical work of Airy 
and Abbe on the diffraction field resulting from a test 
object with periodic structure, and suggesting a new cri¬ 
terion for computing the resolving pow T er of a lens. Peter 
Gray, of the Biology Department of the University of 
Pittsburgh, spoke on the optical microscope as seen by a 
user. In a good-humored blast at microscope manufac¬ 
turers, he pointed out various items which he felt were 
worthy of improvement in the several standard types of 
commercial microscopes. It is this reporter's opinion 
that many of his criticisms wore unduly severe and that 
solutions to his problems are already available, although 
the rhetorical technique of exaggeration for emphasis is 
not to be discouraged! John R. Loofbourow, of the 
Massachusetts Institute of Technology, spoke on the rela¬ 
tively new field of microspectroscopy in which, by a com¬ 
bination of techniques of microscopy and spectroscopy 
that arc almost standard, analyses can be carried out on 
one-hundredth to one-thousaudtli the amount of material 
ordinarily needed—an absorption spectrogram can be ob¬ 
tained from a sample weighing as little as one-millionth 
of a grain. Among the techniques presently available 
in this new field are the use of fluorescence spectra, of 
'emission spectra, and of absorption spectra in the ultra¬ 
violet, visible, and infrared regions. Receptors other 
than tho photographic plate can be iwed—for instance, 
photomultiplier tubes in the ultraviolet and bolometers 
in the infrared. Single crystals of organic materials 
can be studied, as can very small sections of tissues, or 
solutions, by employing special specimen holders or cells. 
Prof. Loofbourow is interested In the extension of these 
techniques to the very low temperatures of liquid attitO- 
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IJfen or even of liquid hydrogen or helium. L, Merton, 
of the National Bureau of Standards, gave a careful 
comparison and contrast of the capabilities of optical 
tuid electron microscopes. Although electron microscopes 
sometimes achieve the resolution of details as small as 
10 angstroms in dimension, they do suffer from several 
operational disadvantages of a practical nature. 

The subject of phase contrast microscopy was dealt 
with iu contributed papers by L. I. Epstein, of Bausch 
nnd Lomb, and by F. Zernihe, 0. V, Saylor, and A. T. 
Bryce, who suggested employing the great sensitivity of 
the human eyo in hue discrimination in connection with 
the phase principle in what they called color phase con¬ 
trast. This is reminiscent of the employment of the 
eve’s color sensitivity in a color translation process for 
ultraviolet microscopy, which E. H. Land first announced 
in Science early this year {Science, April 15, pp. 371-4). 
Elkn.il tt. Blout, of the Polaroid Corporation, described 
work tmder way in the field of infrared microscopy, 
wherein the apochromatic reflecting microscope objec¬ 
tives designed by David Grey of Polaroid and manufac¬ 
tured by Bausch and Lomb nro combined in an ingenious 
fashion with a standard Perkin-Elmer infrared spectrom¬ 
eter to give infrared spectra of very small samples, such 
as single hormone crystals or single fillers far too small 
to be examined with standard infrared instruments. 

The field of optics is so broad and has so many differ¬ 
ent aspects of a theoretical and applied nature, that in 
a three-day meeting a very large number of subjects are 
touched upon. Of interest to many were the papers on 
spectrochemical analysis and those on optical instrumen¬ 
tation techniques, such as new or improved light sources 
for interferometry, for ultraviolet microscopy, and for 
infrared spectroscopy; narrow-band interference filters 
with 80 percent peak transmission; infrared polarizers, 
which are efficient out to beyond a wavelength of two 
microns; the use of artificial sapphire in optical elements 
of complex lens systems; and new fluorescent and phos¬ 
phorescent phenomena and their application. A. C. 8. 
van Heel, of the Technical University of Delft, Holland, 
described in an invited paper the methods he developed 
during and after the war for using extremely simple 
equipment in making measurements of very high pre¬ 
cision. The accurate establishment of angles to less than 
one-tenth second of arc, the measurement Of optical flat¬ 
ness to one-hundredth of a wavelength of light, the align¬ 
ment of ships 1 shafts in two dimensions, and the calibra¬ 
tion of the vibration magnitude of a church tower when 
bells are ringing are all subject to handling by these very 
simple and direct means. In the invited paper which 
preceded the contributed program on infrared theory and 
applications, Donald F. Homig, of Brown University, 
gave an elegant description of the use of infrared absorp¬ 
tion spectra in the study of modes of molecular vibration 
and of the structure of the solid state. This relatively 
new technique is proving a powerful supplement to x-ray 
diffraction in unraveling the secrets of Urn solid state. 

The biologist wid ths biophysicist found mueh to iu- 
f orest them at these meetings. George Wald, of the Bio- 
of Barnrd trnivoreity, presented « 
masterly paper which compared and contrasted the eye 


and the camera. He referred to the three mechanisms 
for minimizing the chromatic aberration of the eye— 
namely, the photopic sensitivity shift toward the red 
from the blue end of the spectrum, where the chromatic 
error is most troublesome; the strong absorption by the 
lens of the eye in the near ultraviolet; and the distribu¬ 
tion of the yellow carotenoid pigment xanthophyll around 
the fovea. Dr, Wald recounted the experiments of 
Kuehne with animal and human eyes in obtaining *< opto¬ 
grams, f> that is, in using the eye as a camera in fact, 
making on the retina of the eye a picture in terms of 
bleached and unbleached rhodopsin (visual purple) of an 
object recently viewed, and he dismissed again that at¬ 
tractive detective story- solution wherein the murderer is 
identified by peering into the eyes of the dead victim. 
He closed this very interesting lecture by showing tt print 
taken from a gelatin film in which the light-sensitive 
substance was not silver bromide but rhodopsin extracted 
from cattle retinas. The subjects of color measurement, 
color vision deficiency, and other phases of vision and 
physiological optics were explored in a number of con¬ 
tributed papers. S. Q. Huntley and N. A. Finkelstein, 
of the Massachusetts Institute of Technology, with Ed¬ 
ward A. Edwards, of the Harvard and Tufts Medical 
Schools, reported on ultraviolet spectral reflectance meas¬ 
urements made on living human skin, and studies of the 
distribution over the body of ultraviolet-absorbing ma¬ 
terials, such as hemoglobin, carotene, and melanin. 

George tt, Harrison was presented with the Frederic 
Ives Medal of tlm Optical Society at the annual dinner, 
and in his responding speech ho sketched the various im¬ 
portant stages in his 30 years of spectroscopic research, 
which started at Stanford University with measurements 
of the intensity of spectral lines and is now progressing 
at the Massachusetts Institute of Technology in the modi¬ 
fication of one of Michelson’s ruling engines for the rul¬ 
ing of a new type of grating called the echelle, which is 
halfway between a conventional diffraction grating and 
a reflection echelon. It is Dean Harrison's hope that, 
fty employing careful interferometric control in the rul¬ 
ing of a thousand or so lines spaced a fraction of a mil¬ 
limeter apart, he will be able to achieve the spectroscope 
1st'* dream of a resolving power of one million. As a 
climax to his paper, he showed his audience the first spec¬ 
trograms taken with an echelle grating. 

This meeting marked the end of the two-year term of 
ttudolf Kingsloke, of the Eastman Kodak Company, as 
the society’s president, and his replacement by William F. 
Meggers, of the National Bureau of Standards. 

Your correspondent, who attends both larger and 
smaller meetings than the ono reported upon here, can¬ 
not refraiii from commenting on the pleasantness and 
efficiency of ft scientific meeting of about this sixe—a 
registration of perhaps 500, a total of 50 or 00 papers in 
three days of sessions, but never more than two sessions 
proceeding simultaneously and the entire group conven¬ 
ing for each invited paper. Let us hope that the Opti¬ 
cal Society does not emulate some of its sister societies 
by becoming so overwhelmingly successful aud popular 
that the sixe of its meeting is greatly multiplied! 

StfANtttir 8. Ballard 
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About People 

Ctrl Barnett Alletidoerfer, pro* 
feasor of mathematics at Haverf ord 
College, Haverf ord, Pennsylvania, 
has been appointed visiting professor 
of mathematics at Massachusetts In¬ 
stitute of Technology for six months 
beginning in February, I960. Dr. 
AUendoerfer, who has conducted re¬ 
search in the field of differential 
geometry and the connections be¬ 
tween differential geometry and to¬ 
pology* was recently on leave at the 
Institute for Advanced Study at 
Princeton. 

Vernon L. Mattson, former chief 
engineer of the' Consolidated Feld¬ 
spar Corporation, Trenton, New Jer¬ 
sey, has been appointed director of 
the Colorado School of Mines Re¬ 
search Foundation. The foundation, 
organised early this year, will con¬ 
duct research in industrial miner¬ 
alogy. 

Benjamin M. Siegel has been ap¬ 
pointed head of Cornell University >$ 
near Electron Microscopy Laboratory. 
Before going to Cornell, Dr, Siegel 
was in charge of the design and con¬ 
struction of a new type of electron 
microscope at the Research Labora¬ 
tory of Electronics at Massachusetts 
Institute of Technology. 

X. J, Musacchia, veteran of sev¬ 
eral arctic biological expeditions, has 
been appointed to the faculty of the 
Department of Biology at Saint 
Louis University. Dr. Musacchia 
will take part in research experi¬ 
ments in the university's Arctic Re¬ 
search Program. 

Philip S. Jaetram, formerly in¬ 
structor in the Physics Department 
at tike University Of Michigan, has 
been appointed assistant professor of 
physics at Washington University, 
St. Louis. 

WiBhUn F. Bale, prerfessor of 
radiation biology at the University 
of, Rochester, has received a leave Of 
absence to ant as radiobiologist in 
the Division of Biology and Medi¬ 
cine of the U. & Atomic Energy 
■ Goamidea^ . 

>■ 1 and 
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Harry Huger Houston* former 
vice president of the Brooks Manu* 
faeturing Company, Knoxville, Ten¬ 
nessee, has joined the staff of Ar¬ 
mour Research Foundation of IUi- 
nois Institute of Technology. Dr. 
Houston will conduct research in the 
Department of Ceramii^ and Min¬ 
erals, 

Frederick J> . Rossini, <$hief of the 
Thermochemistry and Hydrocarbons 
Section of the National Bureau of 
Standards, has been appointed pro¬ 
fessor and head of the Chemistry De¬ 
partment at Carnegie Institute of 
Technology. The appointment will 
iHiComo effective July 1, 1950. 

Visitors 

Under sponsorship of the Micro¬ 
biological Institute, Sir Philip Man- 
son-Bahr, of London, will conduct 
a seminar on * 'Problems of Filaria- 
Hia, * 5 to be held in Wilson Hall, Ad¬ 
ministration Building of the Na¬ 
tional Institutes of Health, Bethesdn, 
Maryland, at 3 p.m. Thursday, De¬ 
cember 1, Sir Philip, author of The 
dysenteric disorders, The life and 
irork of Sir Patrick Manson, and the 
7th to 12th editions of Manson f s 
tropical diseases , is in the U. 8. on 
his way to Fiji, where he will join 
his son in studies of filariasis. 

Pablo Kleinraan was a recent 
visitor at the U. 8. Geological Sur¬ 
vey in Washington. He has been 
assigned by the Chilean government 
to study water resource developments 
in this country. Another caller at 
the Geological Survey was R. J. 
Bocaranda, of Venezuela, who is 
interested in ground-water investi¬ 
gations. 

Grants and Awards 

The National Cancer Institute 
has awarded Public Health Service 
grants of $907,212- to aid clinical 
and laboratory research in non- 
federal hospitals and universities in 
21 state# and the District of Colum¬ 
bia* Fifty-nine awards were re¬ 
newals. A list of the new grants 
follows: Stanford University, \JE, L, 
Tatitm and A. & 

tro^n muBtari car$inoge»e«*n Unb 
versity of California at Berkeley, 


No ve m be r IftS, 


B. AT. Evans, $20,000, relation of thb 
growth hormoote to neoplasms; Uni- « 
versity of Southern California, D. <7. 
Pease, $4,536, the electron micros¬ 
copy of ultrathtn tissue sections; 
Chicago Medical School, Israel I)a- 
vtdsohn, $13,199, natural and immune 
antibodies in inbred mouse strains 
with low and high tumor incidence 1 ; 
University of Illinois College of 
Medicine, A. C. Ivy and JRhoda Grant, 
$3,870, a study of the chemical and 
mechanical factor^ which may alter 
the normal growth pattern of the 
gastric mucosa; University of South¬ 
ern Illinois, C. C . Linde gren, $5,000, 
genetics of yeast; Indiana Univer¬ 
sity, E. E. Campaiffne , $1,998, chemo¬ 
therapy and carcinogens of the car- 
boxole series; Harvard University, 

F. J. Stare and H. Olsen, $6,483, 
metabolism of tumor tissues; Detroit 
Institute of Cancer Research, A. M. 

T. Venues, $8,370, fine structure of 
chromosomes of normal and malig¬ 
nant cells; University of Michigan, 
B. M. Pollard , $5,000, nutritional 
and blood changes resulting from 
gastrectomy for gastric carcinoma, 
and further study of gastric Cancer 
cells, and A. B. Lemer, $8,748, in¬ 
vestigation of the biochemistry, de¬ 
velopment, and diagnosis of melano¬ 
mas; St. Louis University, School of 
Medicine, E. A. Doisy, $4,000, me¬ 
tabolism of radioactive cortisone: 
University of Missouri, JIf. „V. Green, 
$5,184, the effect of furan deriva¬ 
tives on the metabolism of bacteria 
and on the growth of transplanted 
tumors in mice; Albany Medical Col¬ 
lege, A. W, Wright and J. M. Wafa, 
$7,344, further study of the etiology 
of spontaneous mammary tumors in 
the Albany strata of rata, with par¬ 
ticular reference to the possible pres¬ 
ence of a milk agent; Brooklyn Col¬ 
lege, Irving Kaye, $6,350, synthesis 
of N-<2-pyridyl)-substituted-a, {1-di- 
phenyl-ethylamines; Columbia Uni^ 
yerstty School of Dentistry, B* JH. 
Levy, $3,000, a study to determine 
whether tumors can be experiment¬ 
ally produced in the mouth and lips 
of animals; HickriR Chemical Be- 
soarch Foundation, Inc,, New York 
^ity, W, van J5. Daering, $I0$00, 
synthesis of colchicine molecule ftp 
possible iphBdjbo^ nm sritofai ijfc- 1 
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studies on the inactivation of estro¬ 
gens and other steroids by liver tis¬ 
sue from cnneer patients; Monte- 
flore Hospital, New York City, 3$. J . 
Bflwmunn, $5,616, selective filtration 
of the thyroid; University of Roches- 
ter, H. L. Segal, $4,000, the use of 
exchange indicator compounds for 
detecting achlorhydria without in- 
tubation; Ohio State University, JT. 
A. Hosier, $1,660, studies on Hodg¬ 
kin's d Watte and related conditions; 
University of Cincinnati, College of 
Medicine, M. W. Filter, $7,805, the 
culture of human bone marrow in a 
synthetic medium; The Institute for 
Cancer Research, Inc., Philadelphia, 
G . h. Miller, $1,296, study of cancer 
tissue proteins ; Wm. H. Singer Me¬ 
morial Research Laboratory, Pitts¬ 
burgh, )l, C. Grauer , $6,350, the in¬ 
fluence of various fractions of estro¬ 
gens on biologic response; Univer¬ 
sity of Pennsylvania, Charles 
Breedis, $5,346, blood supply and 
drulmige of neoplasms in the liver 
and lung, and V, W t Wilson and J . 
M . Buchanan, $10,800, nucleic acid 
metabolism; Medical Branch, Univer¬ 
sity of Texas, G. Sinclair, $3,240, 
study of the effects of small amounts 
of urethane on mice; Medical College 
of Virginia, G. Z. Williams, $7,800, 
study of purines and pyrimidines in 
nucleoprotein fractions of precan- 
cerous rat livers, and V. F ♦ Young , 
$7,344, influence of certain proteins 
on the ability of the liver to destroy 
a carcinogenic agent, p-dimethyl- 
juninoaxobenxene; University of 
Washington, R. J. Blandau, $4,968, 
study of experimentally produced en¬ 
dometrial polyps in guinea pigs; 
University of Wisconsin, Charles 
Reidelherger, $4,644, a study of 
metabolism of carcinogenic hydro¬ 
carbons labeled with radioactive car¬ 
bon; Georgetown University Medical 
School, (?- F. GescMolcter, M, M. 
Copeland, and Martin Rubin, $5,000, 
therapeutic procedures for the re¬ 
tention and redistribution of radio¬ 
active phosphorus in patients with 


cal effects of bacterial polysac¬ 
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American Chemical Society has been 
awarded for 1950 to Oskar Winter* 
steiner, head of the Organic Chem¬ 
istry Division at the Squibb Institute 
for Medical Research, New Bruns¬ 
wick, New Jersey. The medal was 
awarded to Dr. Wintersteiner “in 
recognition of fundamental contri¬ 
butions to the fields of insulin chem¬ 
istry, steroid hormones, antibiotics, 
aud alkaloids, and the first isolation 
in crystalline form of penicillin-G 
and streptomycin . 9 * 

The Roscoe B, Jackson Me* 
morial Laboratory for cancer re¬ 
search at Bar Harbor, Maine, re¬ 
ceived a $15,000 gift recently from 
the cancer fund of the national 
women's auxiliary of the Veterans 
of Foreign Wars. The funds will be 
used by the laboratory in the re- 
building of its library rooms, which 
were destroyed in a forest fire in 
1947. 

The Priz Rend Leriche of the 

International Society of Surgery has 
been awarded to Alfred Blalock, 
chief surgeon of The Johns Hopkins 
Hospital. He was honored for his 
contributions to vascular surgery. 

The Sir Henry Wellcome Medal 
and Prize of the Association of Mili¬ 
tary Surgeons of the United States 
was awarded to Elliott Hurwitt 
for his essay , 4 * A Blood Vessel Bank 
under Military Conditions , } 1 at the 
association's animal dinner on No¬ 
vember 11. 

Four grants totaling $15,000 have 
been awarded the University of Il¬ 
linois College of Medicine. A $10,* 
000 grant from the Pauline E. Rout 
tinger Memorial Fund will be used 
by the Department of Pathology for 
studies in arteriosclerosis by Maurice 
Lev. The Department of Medicine 
received two Abbott Laboratories 
grants, one, for $2,500 for a study of 
dietary therapy in liver disease, and 
a second of $500 for studies in anes¬ 
thesia. Smith, Kline and French has 


renal and Other experimental hyper¬ 
tensions, to be undertaken by £* A* 
Older in the Department of Physi¬ 
ology. 
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The Damon Runyon Memorial 
Fuad has presented checks totaling 
$101,000 to eight institutions for the 
shpport of cancer research: New 
York University-BoUevue Medical 
Center, University of Rochester 
School of Medicine, University of 
Notre D&nto, Tulane University 
School of Medicine, University of 
Pennsylvania, Rutgers Univorsity- 
Presbyterian Hospital (in New 
Brunswick and Newark, New Jer¬ 
sey), Harlem Hospital, and the Jew¬ 
ish Hospital in Brooklyn. The 
memorial fund has allocated nearly 
$3,000,000 since it was set up in 
1947. 

Fellowship 

A prcdoctoral research fellow¬ 
ship for the fundamental study of 
the chemistry of glycerides has 

boon established at the University of 
Pittsburgh by Armour and Company, 
Chicago. The fellowship, extending 
over a period of three years, will be 
under the supervision of B. F. Dau- 
bert, research administrator, Depart¬ 
ment of Chemistry. 

Meetings and Elections 

The third annual American 
Medical Association clinical meet¬ 
ing will bo hold at the National 
Guard Armory in Washington, D. C. 
December 6-9. The meeting will bo 
devoted to the problems of the gen¬ 
eral practitioner. 

The 1949 annual meeting of the 
American Physical Society will be 
held, for the most part, In the 
buildings of Columbia University, in 
New York City, February 2-4, 1950. 
Titles and abstracts of all contrib¬ 
uted papers must reach the APB by 
December 9 . Further details can be 
obtained from Karl K, Barrow, Sec¬ 
retary, American Physical Society, 
Columbia University, New York 27, 
N. Y. 

A national meeting on histo¬ 
chemistry will b$ held at the De¬ 
partment of Anatomy, University of 
Pennsylvania, Philadelphia, on 
March 85, 1960. Workers In the 
fields of . anatomy, pathology, Mo* 
chemistry, endocrinology, bacteriol¬ 
ogy, and other related science* are 


malignant disease; and George Wash¬ 
ington University School of Medi¬ 
cine, GL E.Zeese, $8,180, physiologi- made a $2,000 grant for the study of 

the effect of amines in experimental 



5TB 


SCIENCE 


November 25, 1949, VoL 110 


invited to attend. Further infor¬ 
mation. can be secured from R, D. 
Lillie at the Laboratory of Path¬ 
ology and Pharmacology f National 
Institutes of Health, Bethesda 14, 
Maryland. 

The Indiana Academy of Sci¬ 
ence, at its annual fall meeting, 
elected the following officers for 
1950: president, 8. S. Visher, Indi¬ 
ana University; vice president, O. B. 
Christy, Ball State Teacher's Col¬ 
lege ; secretary, W. A, Daily, Eli 
Lilly and Company; and treasurer, 
W. P. Morgan, Indiana Central Col¬ 
lege. 

Officers for 1949-50 elected at the 
annual general meeting of the 
Indian Association for the Cul¬ 
tivation of Science were M. N. 
Saha, president; C. C. Biswas, first 
vice president; J, 0. Ghose, second 
vice president; and P. Ray ; honorary 
director. 

Deaths 

Frank B. Jewett, 70, president of 
the Bell Telephone Laboratories 
from 1925 until his retirement in 
1940, died November 18, following 
an emergency operation. Dr. Jewett 
was responsible for developing the 
Bell Laboratories into one of the 
great research institutions of the 
world. In 1989 he was elected 
president of the National Academy 
of Sciences, the first scientist from 
the industrial field of research to win 
this distinction. Dr. Jewett was 
the recipient of many honors and 
was to have received the Hoover 
Medal at the January meeting of the 
American Institute of Electrical En¬ 
gineers. 

Francis E. Randall was killed in 
the November 1 airplane crash at 
Washington at the age of 85. Dr. 
Randall was in charge of research in 
physical anthropology at the Quarter¬ 
master Climatic Research Labora¬ 
tory, Lawrence, Massachusetts. 

Paul G. Heincman, 88, bacteri¬ 
ologist, died November 4 after an 
extended illness. Dr. Heineman re¬ 
tired as chief bacteriologist of Ster¬ 
ling Drug Company, Cook Labora¬ 
tories, in 1989. Prior to his service 
with this company, he bad been di¬ 


rector of biological laboratories at 
the U. 8. Standard Serum Company. 

George Francis Eaton, 77, for¬ 
mer curator of osteology and asso¬ 
ciate curator of vertebrate paleon¬ 
tology at Peabody Museum, Yale 
University, died at the home of his 
son in Mystic, Connecticut, on No¬ 
vember 6. Dr. Eaton was a member 
of the Yale Peruvian Expedition to 
Machu Picchu in 1912, 

William J, Humphreys, meteoro¬ 
logical physicist at the U. 8. Weath¬ 
er Bureau for thirty years, died in 
Washington on November 10. Dr. 
Humphreys, who was 87, was profes¬ 
sor emeritus at George Washington 
University at the time of his death. 

The U. S. Civil Service Commis¬ 
sion has announced an examination 
for geologists to All positions pay¬ 
ing $3,100 and $3,825 a year in 
federal agencies, primarily in the 
Geological Survey and the Bureau of 
Reclamation, Department of the In¬ 
terior, in the Bureau of Plant In¬ 
dustry and Soil Conservation Service, 
Department of Agriculture, and in 
Corps of Engineers, Department of 
the Army. Full information is 
given in announcement No. 199, 
available at any first- or second-class 
post office. Applications must bo re¬ 
ceived by December 6, 1949, in the 
commission's Washington office. 

Japanese scientists will soon be 
receiving isotopes under the foreign 
distribution program of the Atomic 
Energy Commission, Surveillance 
will be maintained by headquarters 
of the Supreme Commander for the 
Allied Powers, to assure the isotopes' 
safe and effective use for work in 
medicine and biology and research 
in the physical sciences. Japan is 
the first occupied country to be ad¬ 
mitted to the program. The total 
number of foreign nations now par¬ 
ticipating is 30. # 

Recently Received— 

The Role oi Very Fine Mineral 
Matter in the Hot Water Separa¬ 
tion Process aa Applied to Atha- 
beeke Bituminous Send. K. A. 
dark and D. S. Pasternack. Re¬ 
port No. 63, Research Council of 


Alberta, University of Alberta, 
Edmonton, Canada. 15#. 

A Short Biography ot Jepaneae Sci¬ 
ential, 1948. Vol. V-2, Metal- 
lurgy. Scientific Education Bu¬ 
reau, Ministry of Education, 
Tokyo, Japan. 

Vampyroteuthis Intemelie Chun: an 
archaic dibrenchimte oephalopod: 
11 Externa/ Anatomy . Grace 
Piekford. Dona Report No. 32, 
1949. Carlsberg Foundation, Ox¬ 
ford University Press, London. 
1£. 

Problems oi Vole Populations in the 
Middle East F. S. Bodenheimer. 
Research Council of Israel. Azriel 
Printing Works, Jerusalem. 250 
mils. 

Research in Review, 6th Report of 
the Sugar Research Foundation, 
Inc., 52 Wall Street, New York 
City. 

Inventory of Published and Unpub - 
lished Sediment-Load Data in the 
U. S. Bull. 1. Soil Conservation 
Service, IT. 8. Department of Agri¬ 
culture, Washington 25, D, C. On 
request. 

Yeast of Tomorrow . Anheuser- 
Busch, Inc., St. Louis, Missouri. 
On request. 

Catalogue oi Birds of the Americas. 

Charles E. Hellmayr and Board- 
man Conover. Part I, No, 4, 
Zoological Series, Vol. XIII, Field 
Museum of Natural History. 
$4.00. 

An Introduction to the Dynamics of 
Compressible Fluids, PB 97906. 
Library of Congress, Photodupli¬ 
cation Service, Publication Board 
Project, Washington 25, D. C. 
Photostat, $20.00; microfilm, 
$ 6 . 00 . 

Testing of Hydrometers . Elmer L. 
Peffer and Mary G. Blair. Circ. 
C477, Superintendent of Docu¬ 
ments, U. S. GPO, Washington 
25, D, C. 10#, 

U . S, Atomic Mnergy Commission 
Contracting and Purchasing Of¬ 
fices and Types of Commodities 
Purchased. U. S. GPO, Wash¬ 
ington 26, D. C. 10#. 

Report of the Joint Com mi t t ee on 
# Atomic Energy . Pursuant to 
Public Law 685, 79th Congress. 
JT, 8, GPO, Washington £5, D. C. 
On request. 
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Production of Mesons by X-Rays 

Edwin M. McMillan, Jack M. Peterson, and R. Stephen White 1 

Radiation Laboratory, Department of Physics, 

University of California, Berkeley 


T THE 1949 SPUING MEETING of the 
National Academy of Sciences (2) a prelimi¬ 
nary account was given of some observations 
of mesons produced by the 335-Mev x-ray 
beam from the Berkeley synchrotron. The present 
paper is a progress report of this work ; no claim is 
made for completeness, but sufficient new data are 
available to make publication at this time worth 
while, especially since some of the numerical results 
given in the earlier report require revision. 

The x-ray beam, produced by the impact of 335- 
Mev electrons on a 20-mil-thick platinum target, has 
a width at half-maximum of 0.0135 radian (about I 
inch at 6 feet from the target). In all hut the earliest 
experiments the beam was further defined by a 1-inch 
hole in a lead block, then passed through a piece of 
carbon, which served as the meson source. The x-ray 
intensity at one meter from the target was ubout 3500 
roentgens (r) per hour, measured behind Ath inch of 
lead under the best running conditions; the average 
was about half this. The actual exposures at the 
carbon meson source (6 feet from the target) ranged 
from 500 to 2000 r in the later runs. Mesons were 
recorded on Ilford puclear plates; the highest density 
of meson endings observed was about 100 per square 
centimeter in a 100-micron emulsion. In the follow¬ 
ing sections the experimental conditions and some of 
the results are described in more detail. 

Plate Exposure. Plates have been exposed in the 
following ways: 

Geometry 1: A stack of plates is traversed directly 
by the x-ray beam. Mesons are produced chiefly in 
the glass plates, and exposures are limited by the gen¬ 
eral blackening due to the beam. Meson tracks are 
counted in the part of the plates not overexposed by 
the central core of the beam. There is an appreciable 
background of photon uclear stars and proton tracks. 
Only Ilford P-3 plates were used in these exposures. 

Geometry 2: The x-ray beam passes through a car¬ 
bon slab, and the stacks of plates are placed alongside, 
out of the core of the beam. The intent was to deter- 

l The authors thank tho synchrotron crew for their help 
to making the exposures and W. U, Gilbert, K, Goodwin, W. 
1. Knox, G, Moenohen, and F, U. Smith for their assistance 
In scanning the plates. This work was supported by the 
Atomic Energy Commission, 


mine the element in which the mesons are produced, 
but it was found that the wings of the beam had suf¬ 
ficient intensity at the location of the plates to make 
this somewhat doubtful, considering the fact that 
there was much more mutter in the plates than in the 
carbon slab used. The background was considerably 
less than in Geometry 1, and longer exposures could 
be mude; only P-3 plates were used. 

Geometry 3: Same as Geometry 2, except that a 
lead collimator 6 in. thick with a 1-in. hole cuts off the 
wings of the beam* The x-ray intensity Ht the plates 
is now small, and they show little general blackening 
except along their leading edges; the heavy-particle 
background is very small. Both P-3 and C-2 plates 
were used. 

Geometry 4: A modification of Geometry 3, with 
the following changes: A secondary collimator pro¬ 
tects the plates from electrons scattered off the edge 
of the main collimator; the carbon slab is replaced by 
a cylinder of 1-in. diameter; stacks of plates are ar¬ 
ranged radially around this cylinder, with different 
thicknesses of lead absorbers between the carbon and 
the plates, as shown in Pigs. 1 and 2. Data reported 
for this geometry were all recorded on 0-2 plates. 

Types of Meson Tracks . The following types of 
features are seen at the ends of meson tracks in nu¬ 
clear emulsions: 

(a) Stars of two or more prongs; 

(b) Stars of one prong; 

(c) g-ineson tracks; 

(d) Small “blabs” of a few grains; 

(e) Nothing. 

Events of type (a) and (e) are obviously recognisable, 
and require no further discussion. Events of type 
(d) are not always dearly enough defined to distin¬ 
guish from (e), and therefore counts of these events 
cannot be used for statistical purposes, even though 
they probably represent vestigial stars, being due to 
the recoils following neutron ejection. In practice, 
(d) and (e) are lumped together as e-mesons. 

Particular care is needed in distinguishing events 
of types (b) and (c) from one another. If the sec¬ 
ondary track is heavy, it is clearly a star; if it is 
light, and of sufficient length to show the characterise 
tie scattering and change in grain density, it is clearly 
a ^-track. If it is light but leaves the emulsion too 
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ri<j. J. I>rnwlnjf of experimental arrangement (tieomutry -1). 


soon, there is a possibility of confusion. However, 
examination of magnetically sorted negative mesons 
produced in the cyclotron and recorded on Ilford C-2 
plates shows that light single-pronged star tracks are 
almost invariably accompanied by blobs resulting 
from the recoil consequent on the e?uission of a very 
fast proton. Therefore, single light secondary tracks 



Pirt* 2* Photograph of experimental arrangement (Geom¬ 
etry 4), The x-ray beam emerge* from tbe aynehrotfon 
through the rectangular hole <A). The ©Inch-thick had 
collimator la at B. C to the plate holder. 


with no blobs are recorded as fi-tracks, even though 
the observed range may not be long enough for posi¬ 
tive identification. 

We finally arrive at three classifications of meson 
track endings: 

(a) 4- (b), denoted by o 

(c) , denoted by n\i 

(d) + (e), denoted by p. 

It is desired to compute from these the numbers of 
negative and positive mesons (n and n+) stopping 
in the emulsion. 

Methods of Computation, (a) Computation of ar. 
Negative a-mesons are assumed to be captured in the 
emulsion, and may or may not make recognizable 
stars. Therefore, it is important to know the fraction 
of cases in which stars are produced. Data on this 
are available from counts of tracks in Ilford C-2 
plate due to magnetically sorted negative mesons (2). 
In these plates, it was found that the ratio P/(o + p) = 
0.27; we deduce that, in Ilford C-2 plates, * =1.37 o. 
(b) Computation of «\ Method A. If the plates 
are sufficiently sensitive to show the early parts of 
Mracks with certainty, then the number is essen¬ 
tially equal to «\ Experiments with magnetically 
sorted positive mesons ( 3 ) show that in C-2 plates 
at least 95 percent give recognizable n-+t decay. 
Therefore, when using these plates, it is assumed that 
The number p does not enter into this com- 
putatibn. Method B. If, on the other hand, leas 
sensitive plates are used, as for example Ilford P-3, 
it is harder to recognize the g-traeks and a considera¬ 
ble fraction of them may be missed. Then a dif¬ 
ferent method must be used, which is based on the 
assumption that all tracks not associated with nega¬ 
tive a mesons, i<6., a number equal to o + «g + p -1.37 u, 
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consist o£ *♦ tracks plus an equal number of \i tracks. 
The distinction between np and p does not enter into 
this calculation. This method may underestimate the 
true number, since the n-partides are emitted in ran¬ 
dom directions in the emulsion and glass of the plates, 
and therefore n certain fraction of these will end 
while crossing the emulsion at unfavorable angles for 
identification, while the JT-particles are traveling ap¬ 
proximately parallel to the emulsion. Without at¬ 
tempting to correct for this, the Method B calculation 
assumes that: 

JI* =S (1) (o + + 1.37 a). 

Results. ratio . At the time of writing the 

abstract for the National Academy meeting {2) 145 
tracks were available, of which 51 were from Geometry 
1 and 94 from Geometry 2. All of these were on F-3 
plates, and therefore only Method B could be used for 
the computation, giving the published ratio n“/n* = 10. 
By the time of the meeting, more tracks were available, 
including some on Geometry 3. The Geometry 1 
tracks were then discarded, since they represent 
mesons starting in glass rather than carbon. The 
new total of 198 tracks (103 on Geometry 2 and 95 
on Geometry 3), mostly on F-3 plates and analyzed 
by Method B, gave «"/~ 7.5, which was the value 
reported verbally at the meeting. 

Since then, more tracks have become available, and 
it is now possible to give data obtained entirely with 
Geometry 4, using C-2 plates, and analyzed by Method 
A. Blank runs, with no carbon target in place, prove 
that virtually all the mesons seen actually originate 
in the carbon. In this setup there ere plates behind 
lead absorbers, on which mesons of higher energy arc 
recorded. The energy ranges are assumed to be de¬ 
fined by the stopping power of the absorber (includ¬ 
ing the radius of the carbon cylinder) for one limit, 
and that of the absorber plus the plate width for the 
other* No obliquity correction was applied. The 
values found for the ratio x-/x* in the various energy 
bands, covering: a range from about 30 to 150 Mev, 
agree within the statistical errors, which are about 
±25 percent for bands about 10 Mev wide below 
100 Mev, and ±50 percent for a band between 100 
and 150 Mev. Since there is no statistically signifi¬ 
cant evidence for a variation with meson energy, the 
data are lumped together, including only track counts 
made or checked by experienced observers. These 
counts are: o = 403, = 327, p = 323. Using Method 

A, the ratio *-/«+ = 1.7, with a statistical standard 
error of 8 percent. Method B applied to the same 
data gives w/si* = 2.2, indicating the sort of error to 
be expected when the latter is used with C-2 plates 
it may be still greater with F-3 plates, on which the 
tracks are harder to find. It will be noted that this 
ratio is less than the previously given values. The 


difference from the earlier values may be partly real, 
that is, the Coulomb effect for very low energy mesons 
made in glass may distort the ratio somewhat; a 
considerable part of the difference certainly comes 
from the errors inherent in the use of Method B with 



Fus. S. Angular dlatrlhuUoiiH of rucson tracK« in tin* 
energy range 48 to 59 Mev. (A) a-Mewons. The curve 
Kin® $ represents approximately the distribution to be expected 
In case of spherically symmetrical emission from all parla 
of the carbon target. The few tracks in the range 180* to 
860° were probably scattered. r-Mesoas associated with *u- 
decay give a similar distribution, (B) n-Megon* assoebued 
with rji-dec«y. There is no evidence here of departure from 
spherical symmetry. <C) pMe»on». This distribution Is 
clearly composite, the peak at. 90° being due to v- mesons 
that fall to m**ft visible einre, while the uniform background 
is due to p-mesous. 

F-3 plates, and some may be attributed to inexperi¬ 
ence of the observers in the beginning. 

The ratio of 1.7 does not pose the formidable theo¬ 
retical problem offered by the earlier value; in fact 
a ratio of this order can be explained on rather ele¬ 
mentary grounds. Consider the products of the reac¬ 
tions, which are n- and in one case, and x* and n° 
in the other. The current accompanying the process 
is greater fa the former because of the contribution of 
the recoil proton, and therefore the coupling to the 
photon field is larger. This effect* which increases 
with meson energy, plus the Coulomb effect on the 
meson wave function, which decreases with energy, 
together can account for the observed ratio. A de- 
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tailed discussion of this will be given in a later pub¬ 
lication by K. A. Brueckncr. 

Yield of Mesons, Energy awl Angle Distributions, 
From th« data obtained with Geometry 4, some infor¬ 
mation can be gained on the distribution of mesons 
in angle and energy, as well ns the tot::l yield. The 
distribution of angles of the straight parts of the 
tracks (excluding of course g and p tracks) is con¬ 
sistent with that to be expected for an isotropic emis¬ 
sion from all parte of the carbon target. The com¬ 
puted distribution on this assumption, in the case of 
the plates covering the band 43 to 59 Mcv, can be 
x’epresented approximately by sin 2 Fig. 3A shows 
that the data agree with this. Higher energy plates 
show the expected narrower distribution, and lower 
energy plates a slightly wider one. The conclusion 
is that the initial meson distribution has at least 
roughly spherical symmetry. In order to compute 
the total number of mesons in a given energy rang^, 
we then use the fact that an ideal infinite line source 
would give a uniform angular distribution, whose 
height would be equal to the observed height at 90°. 
The height is computed by fitting the expected shape 
to the observed distribution—or, what is the same 
thing, the total number is taken to be the observed 
number multiplied by a “shape factor,” which is just 
2 in the case of the sin 2 6 distribution. 


ON 
dE 

from the following formula: 


The differential yield yr; can now be computed 


d N 


dE~* r dE 


d R 1.37 a + ;ip 


At 


x shape factor, 


where N = No. of mesons produced per cm length of 
target 

^ E = energy of mesons 

r = radius to center of area scanned 
U = range of mesons in glass or emulsion (these 
arc nearly equal) 

a, ag are track counts in nr^u A of emulsion 
t = thickness of emulsion during exposure (a 
shrinkage factor of 2.4 was used). 

The shape factor varies from 1.8 to 4.3. 

The results, normalized to an exposure of 1 r, are 
given in Fig. 4, with standard errors from the track 
counting statistics alone. The most likely other errors 
are losses at the low energy end from self-absorption 
in the carbon, and at the high energy end from scatter¬ 
ing in the lead absorbers. 

The absolute value of the cross section can be ob¬ 
tained from the integral of Fig. 4, if the number of 
quanta corresponding to the rather arbitrary unit “r be¬ 
hind ith inch of Pb” is known. This has been meas¬ 
ured, using a thin air chamber intercepting the whole 
beam as defined by the collimator, with thin layers of 



Piq. 4. Distribution of meson energies from x-ray energy of $40 Mev, The apparent lower limit on the energy to 
caused by the fact that the energies are computed as it the mesons originated in the center of the carbon block. $bt 
dotted line to simply a guess as to the trend of the distribution at low energies, which was used in the totegrotlon lead¬ 
ing to the total Cross section. 
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lead and other substances in front in order to be able 
to estimate the amount of the ionization due to pair 
production alone. This will be described in detail in 
a later publication; the result was that 1 r on the 
carbon corresponds to 4.9 x 1G 7 quanta traversing 
it, where the number of quanta is defined as the 
total x-ray energy divided by the upper limit energy. 
(The actual number of quanta in a range between 
E x and is approximately In (E 2 /E 1 ) times the 
above number.) The total cross section per quantum 
per carbon nucleus is then found to be 5 x 10* 88 cm 2 . 
It is hard to make an estimate of the over-all accuracy 
of this figure, but it is probably not wrong by more 
than a factor of 2. The difference between this 
value and that given in reference 2 is easy to under¬ 


stand, Binee the latter, made from Geometry 1 plates, 
included only very low energy mesons. One run was 
made at an x-ray energy of 200 Mev; here the meson 
energy distribution extends only to about 35 Mev, and 
the yield is considerably less than at 335 Mev. Be¬ 
cause of the large self-absorption of the mesons at 
this energy, no attempt was made to calculate a cross 
section. 
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Experimental Control in Hypnotic Age 
Regression States 


Robert M. True 

University of Vermont College of Medicine , Burlington . 


T he recovery of early child¬ 
hood MEMORIES, lost through the ordi¬ 
nary processes of forgetting or because of 
subconscious repression, has a definite place 
in modern psychotherapy. The importance of ca¬ 
tharsis has long been recognized, but too little work 
has been carried out to determine whether hypnotic 
age regression is a fact, or, as Young (4) believes, 
an artifact. Too few adequately controlled experi¬ 
ments have been carried out which separate and dis¬ 
tinguish between half-conscious dramatization of cur¬ 
rent memories of a previous time and actual revivi¬ 
fication of behavior patterns of a suggested earlier 
period of life in terms of what actually belongs there. 
Since both conditions may exist during a sitting, the 
importance of constant control cannot be overempha¬ 
sized. Erickson and Kubie (1) recognized the exist¬ 
ence of these two states and yet utilized hypnotic age 
regression with a great deal of success in the treat¬ 
ment of hysteria without determining which state was 
involved. The fact that psychotherapy based upon 
a supposed memory is of value to a patient is hardly 
satisfactory evidence of a tale regression, since it is 
always possible that a pseudomemory may be effective 
in such a ease (5). This has been shown quite con¬ 


clusively in the use of play or dramatic therapy, both 
in the waking state and during hypnosis. 

Information from relatives, verbal material memo¬ 
rized at an early age, and diaries are unsatisfactory 
controls, since the normal processes of forgetting must 
be considered in the first case, the possibility of re¬ 
view in the second, and the recognized inaccuracy of 
diaries written at an early age in the last case. The 
factor of the recall of very recently learned material 
may be of value from an academic viewpoint but is 
obviously unsatisfactory for hypnoanalytical pur¬ 
poses, where remote memories are of primary im¬ 
portance. 

For the most part, the use of hypnosis in age re¬ 
gression has been interpreted in terms of a hypo¬ 
thetical state called dissociation. Psychoanalysis and 
hypnoanalysis are actually doctor-patient battles, with 
the patient trying to retain his compulsions and the 
operator equally determined to eliminate them. The 
evidence points at the fact that the recall of actual 
traumatic experience is more efficacious in bringing 
about beneficial results in the treatment of a neurosis 
than the reliving of an imagined experience {2), 
although it must be recognized that neither one in¬ 
variably brings about the desired therapeutic change* 
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It is easy to see the importance of certain controls 
in determining whether or not actual age regression 
has occurred. The writer has devised a method of 
control which has proved effective in 8*2,3 percent of 
a mixed group, as shown in Table 1. Before induc- 

TABLE l 

Hypnotic Am? Regression States of 60 Subjects 
(40 Males, 10 Females; Ages 20-24) 



No. of 
subjects 

Per¬ 

centages 

Male 

Female 

Age 10 





Birthday : 

Correct answer 

40 

92 

87 

9 

Incorrect answer 

4 

8 

8 

1 

Christmas: 

Correct answer 

47 

04 

37 

10 

Incorrect answer 

3 

0 

8 

0 

Age 7 

Birthday : 

Correct answer 

42 

84 

36 

6 

Incorrect answer 

8 

16 

4 

4 

Christmas : 

Correct answer 

40 

8G 

34 

6 

Incorrect answer 

10 

14 

6 

4 

Age * 

Birthday; 

Correct answer 

81 

62 

24 

7 

Incorrect answer 

10 

88 

16 

3 

Christmas: 

Correct answer 

38 

70 

31 

7 

Incorrect answer 

12 

24 

9 

3 


tion, subjects were asked to state the day of the week 
during which certain relatively recent events had 
occurred. An extremely small percentage gave cor¬ 
rect answers to any of the questions, leading one to 
believe that when correct answers were given they were 


largely owing to chance. After hypnotic inductipn, 
subjects were subjected to the usual tests for depth 
of hypnosis, such as the induction of positive antf 
negative hallucinations, analgesia, and the inhalation 
of ammonium hydroxide (with the suggestion of in¬ 
halation of a pleasant perfume). They were then 
regressed year by year, using memorable dates as 
chfonological landmarks. On such dates they were 
asked, “What day is thift?” and their answers were 
scored against a 200-year calendar. Of the mixed 
group of 40 men and 10 women 82.3 percent gave 
entirely accurate answers to these questions, while the 
remaining 17.7 percent answered less than half the 
questions correctly. The inaccurate answers might 
well be explained by individual differences in reten¬ 
tiveness through develop mental years or by the fact 
that this small group of people were dramatizing 
memories in the light of their present beliefs. It 
should be noted that all members of the test group 
had previously been regressed to at least the age of 5 
prior to the sessions in which they were subjected 
to control. All were excellent somnambules and had 
been chosen from a group of 175 as being the best 
subjects. All questions asked were simple and direct. 
Subjects were merely asked on what days of the 
week Christmas and their birthdays fell in the par¬ 
ticular years involved and were scored on the basis 
of regression to ages 10, 7, and 4. 

A method of control of this sort is much easier to 
handle than some of the more involved techniques 
utilizing electroencephalography and the thematic ap¬ 
perception test, its simplicity making it more prac¬ 
ticable clinically. 
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A Preliminary Report on the Study of the 
Relationship of Psychosomatics to Oral 
Conditions—Relationship of Personality 
to Dental Caries 

John H. Manhold 1 and Vivian W. Manhold 2 
Tuftt College Dental School, Bottom 

Tin* influence of psychosomatic factors on bodily dis¬ 
orders has been established by the correlation found be¬ 
tween clinical and psychological data. Such pathological 
conditions as duodenal ulcer (1, 27), mucous colitis (£0, 
&«), Asthma (5, 9, 10), chronic rheumatism and rheuma¬ 
toid arthritis (1£), and thyroid disorders (<?, 13, 17), have 
been shown to have psychogenic factors. Many assump¬ 
tions have been made that oral conditions may also have 
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a psychosomatic basis (6, 11). Sometimes these assump¬ 
tions are based upon chemical tests of blood and saliva of 
institutionalized subjects {13, £4, £0), and more often 
merely upon clinical observations (13, 19). In no in¬ 
stance bus there been statistical proof of a correlation be¬ 
tween oral conditions and psychogeuic factors. This 
study was initiated to discover whether such a correlation 
exists among persons who would be classified as normal 
from the psychiatric standpoint. 

The Personality Inventory of Robert G. Bernreuter 
{£), and a modified D.M.F. (decayed, mis»ng, filled) 
scale (14, £1 ) were employed as systems of measurement. 
Bernreuter's Personality Inventory is advantageous for 
our purposes in that it permits the measurement of several 
different traits of personality at one time without allow¬ 
ing the nature of the qualities under study to be readily 
discernible either by the examiner or by the person ex¬ 
amined. It purports to measure neurotic tendency, self- 
sufficiency, introversion-extroversion, dominance-submis¬ 
sion, confidence in one's self, and sociability. On our 
first 21 subjects, the inventory was scored for all six 
traits, but we discontinued-scoring for ail as soon as we 
discovered that only two traits, introversion-extroversion 
and neurotic tendency, were highly correlated with a 
dental condition. Snyder tests (££, £3) for acidophilus 

* Dept, of Oral Pathology. 

* Psychometric Counseling Service, Y.M.C.A. 


bacilli were also run on the first 21 cases, but did not 
correlate with any Bernreuter traits. The high correla¬ 
tions were between D.M.F. and the two traits mentioned. 

Therefore, we proceeded to increase the number of sub¬ 
jects to 50, equally divided as to sex. AU subjects were 
faculty, students, or employees of Tufts College Dental 
School. The age, sex, and education of each person was 
recorded, but names were omitted In order to increase our 
expectation of obtaining truthful answers to the ques¬ 
tions. The subjects were charted for the number of 
caries, fillings, and missing teeth. Each surface of a tooth 
containing caries or a filling was scored as one point. 



Fro. 2. Neurvllc fondenclcH percentile vs. D.M.F. score. 

Extracted teeth were scored as 3 points in accordance with 
the Bodecker system (3, 4), and Marshall-Day's A.C.F. 
(average caries frequency) ratings (7, 16). Decay 
around fillings was not counted unless it involved new sur- 



Pia. 8. Intro version-ext reversion percentile vs. D.M.F. 
score. 


faces, for such decay is usually considered to result from 
faulty restorations. 

The D.M J\ score was then placed on the outside sheet 
of each Bernreuter test, and the tests were scored for in¬ 
troversion-extroversion and neurotic tendencies. Scoring 
was done with Bernreuter standard scoring sheets and 
percentiles Were then found on the standardized scale. 

The results are presented in Figs. 1-4. All but four 
of the subjects who were well below the lowest levels of 
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necrotic tendencies (60 percentile and slightly below) had 
gained less than a 40 D.M.F. score, while those who were 
above these limits had, with but five exceptions, gained a 
D.M.F. score higher than this. The results obtained on 
the introversion-extroversion scoring showed that nil but 
six of the subjects who were well within the normal limits 
had gained fewer than 40 points* and all but four above 
this limit had scored higher than 40. 

The correlation coefficient for neurotic tendency per¬ 
centile and D.M.F. points in men was + 0.446, and for in¬ 
troversion-extroversion and D.M.F. points the coefficient 
was +0.406. These correlations are significant at the 
6% level of confidence. 

The coefficient of correlation between neurotic tendency 
percentile and D.M.F. points in women was +0.463, and 


TYPE OF 

SUBJECTS 


NUMBER OF 

SUBJECTS 


neurotic 

TENDENCIES 

— 

INTROVERSION 

EXTROVERSION 








MEN 


29 


7.8 


5.3 

WOMEN 


25 


lt.9 


11.9 

MEN AMO 

WO MSN 


| 50 


(9.6 


10.9 


SIGNIFICANCE 
X* > 3.84 

Fid, 4. Cht Nquare value*. 


the introversion-extroversion coefficient was + 0.447 which 
is also significant at the 6% level. 

The combined correlation coefficients for the total 50 
subjects were n p + 0.474 and i-e 0 +0.443. These are sig¬ 
nificant at the 1% level. 

Another method of testing the realtionship just shown 
is the chi square test, which was applied with the fol¬ 
lowing tabulated results. 

Since all of these results are well above the required 
3.84, the data obviously have statistical significance. The 
mean results indicate that there is less than 1% pos¬ 
sibility that the results might be owing to chance dis¬ 
tribution. 

The Bemreuter Personality Inventory is not necessarily 
an exact measurement of personality, but is today the 
best and most valid test of its kind to measure traits of 
personality as divorced from intelligence. Furthermore, 
the important fact is not so much that specific personality 
traits are measured, but rather that a correlation between 
some traits and oral conditions exists. The D.M.F. scales 
which we are forced to use are also not the final answer 
to the measurement of caries incidence, but again are the 
most valid we have at our command. Added to this, we" 
have a good indication that the value of the correlation 
coefficient will prove to be above + 0.40 if further studies 
Are undertaken. This is surprisingly high if one realizes 
that the best correlations between medical disorders and 
psychic factors are rarely higher than + 0.50. It appears 
that the correlation between psychological factors and 
oral conditions merits further investigation with different 
types and larger numbers of subjects. 
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A Preliminary Report on Histo- 
chemography 1 * 8 


George A. Boyd and Francis A. Board 

Department of Radiation Biology, 

School of Medicine and Dentistry, 

University of Rochester 9 Rochester, New York 

During the summer of 1948, it was observed that nor¬ 
mal rat bone marrow diluted with clear dog serum black¬ 
ened an Eastman NTB photographic plate when smeared 
directly on the emulsion surface and stored at approxi¬ 
mately -15° C for several days. This observation was 
made on control experiments during an attempt to obtain 
single bone marrow coll autoradiographs. 

Fig, 1 is a dark-field photomicrograph showing in¬ 
dividual silver grains after development. The grains are 

1 A hlstochemograpb is defined as a gross picture on s 
photographic plate or, at high magnification, a pattern of 
stiver grains produced by the chemical action of a histologi¬ 
cal specimen In direct contact with the emulsion of the plate. 

* This paper Is based on work performed under contract 
with the C, S. Atomic Energy Commission at the University 
of Rochester Atomic Btaergy Wrpject, Rochester, New York, 
and supported In part by the National Advisory Cancer Conn¬ 
ell of the U. 6. Public Health Service. 
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grouped beneath cell a" in some cases, but other groups are 
unasaocinted with cells. Examination of the gelatin of 
tho emulsion indicated that the spots unassociated with 



Kio. 1. A dark-floUl photomicrograph of a chemograph 
produced when rnt hone marrow, diluted with dog serum, 
was smeared oil an Eastman NTB photographic plate. Mag¬ 
nification approximately 600 x. Some groups of silver grains 
are in the emulsion beneath a single cell and extending for 
several n In nil directions beyond the edge of the cell. This 
Is illustrated by a bright spot (black spot In the original) 
with a dark spot in the center, the dark spot being the cell 
which has absorbed the scattered light from the grains be¬ 
neath. Other bright wpots show no cells present. 

cells did not represent sites where cells had been washed 
away in the photographic fixing process, as was first sus¬ 
pected. The cuuse of the spots is unknown. 

Peripheral blood from the same rat diluted with the 
same dog serum did not blacken the plate. The ex¬ 
posures continued for as long as 67 days. All plates 
developed serially showed that the bone marrow black¬ 
ening increased in intensity with time while the peripheral 
blood smears showed no blackening, as can be seen from 
the background of the photographs published earlier in 
Science (f). 

This emphasised the long-suspected likelihood of histo- 
chemical fogging and possible misinterpretation of auto¬ 
radiographs from unfixed tissues. It was considered 
prudent to publish the results of preliminary experiments 
to bring this danger to the attention of those making 
autoradiographs. 

A series of NTB plates were exposed to peripheral 
blood, spleen, kidney, liver, heart, and lung of a normal 
rat, sacrificed in the darkroom under a red light, Wratten 
Series I. A drop of blood was released from the jugular 
vein onto the emulsion and was not smeared. Slices of 
fresh organs were cut with a razor blade at 3-5-mra thick¬ 
ness and placed in direct contact with the emulsion. The 
tissues were on the emulsion at room temperature for 10- 
40 min, after which time they were stored at approxi¬ 
mately - 15°'C tp prevent further autolysis. 

14 Because of the difficulty In properly staining the cells 
after passage through photographic developer and fixative, 
various observers could not agree on tbs identification of the 
celts; but It seems probe We that those showing the greatest 
blackening were the heritor forms of the erythrocyte series. 


The plates wero removed serially in time. After warm¬ 
ing the plates to room temperature and removing the 
organ slices with soaking in water, we developed them in 
dilute Eastman Kodak DJ9 (1 part D19 to 3 parts water) 
for 25 min. Photographic densitometer measurements 
wgtg made, In general, the density increased with time. 
It is intcresting that the blood, placed as a drop on the 
emulsion, showed a small amount of blackening in about 
2 weeks, whereas the blood of the first rat, in the summer 
of 1948, when diluted with dog serum and smeared on the 
emulsion, showed no blackening after 67 days. 

Some of the exposures showed patterns which, it was 
felt, corresponded to the architecture of the section sur¬ 
face. Fig. 2, a chemograph of a kidney cross section, 
shows striations and other patterns, which may have been 
produced by tubules or blood vessels in the cortex, and 
shows a reticular pattern in the medulla, although not 
evident in the illustration. This reticular pattern is com¬ 
posed of discrete lines 4—8 p, wide, intersecting to form 
tiny unexposed areas of varying size. These were ob¬ 
served to bo coincident in position with the interstitial 
connective tissue or basement membrane of tho medullary 
epithelium. In the cross section of the liver, the lobule 
parenchyma was indicated by heavy blackening and portal 
ureas by lighter blackening of the emulsion. 

Tim experiment was repeated with two variations: 
(1) the Hge of tho rat was approximately 250 days as 
contrasted with 90 days for the rat of the first experi¬ 
ment; and (2) immediatedy upon removal of the organ 
from the rat, it was placed on dry ice and remained frozen 
during sectioning, placing on the emulsion, and storage 
until removal for development. The same patterns of 



Fio. 2. A chemogrnph of a rat liver section placed In 
direct contact with an Eastman NTB plate. Magnification 
approximately 5 x. The cortex and medulla arc clearly 
distinguishable. 

blackening were obtained as in the first experiment, with 
the exception of the high reticular resolution in the 
kidney, 

Beeently, a desensitizing effect was observed when the 
spinal cord of a cat was placed in contact with an NTB 
emulsion surface for less than 30 sec, and the entire slide 
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exposed to light from an overhead incaudeseent lamp for 
lees than 1 sec. The entire plate except that part in 
contact with the cord was black after development. The 
area in contact with the cord was composed of two parts. 
One was completely transparent, indicating complete de- 
sensitization of the emulsion to light, and was structurally 
associated with white matter. The other was very slightly 
blackened and was structurally associated with gray 
matter. 

While wo felt the blackening had been produced by 
direct chemical action, the possibility of blackening by 

TABLE 1 

Rkholts or a Tbst for Photons Proi»fcbi> bv a Tissue 
am Pjctbctku by an Eastman NTB Emulsion 


Tissue and emulsion 
separated by 
quartz slide 


Tissue and emulsion 
in contact 


Control 

not 

exposed 


Exposed 
to ultru- 
vtolet 
light 
5 min 


Control 

not 

exposed 


Exposed 
to flltra- 
violet 
light 
0 min 


2 hr No Image No Image Image present, Image present, 
photographic photographic 
density .07 density.00 : 

24 hr No Image No Image Image present, Image present, 
photograph le photographic 
density J4 density .18 


photons produced in the fresh tissue could not be over¬ 
looked. It is well known that histological tissues produce 
photons by fluorescence after exposure to ultraviolet light. 
Usually fluorescence is produced only by ultraviolet light, 
is short-lived, and the number of photons is relatively 
large. In principle, however, there could be some com¬ 
pounds in the tissues which might be raised to a higher 
energy level by any portion of the spectrum and produce 
a delayed emission of a small number of photons, If this 
were so the photographic plate would integrate the effect 
over ft long exposure, making observable a phenomenon 
unobservable instantaneously by the eye. There was also 
the possibility of a small number of photons from oxida¬ 
tive processes. Even though these possibilities seemed 
remote they wore investigated in a preliminary manner. 

Two series of experiments were carried out in which 
kidney and liver slices were separated from the photo¬ 
graphic emulsion by (1) a glass cover slip and (2) quartz 
plates approximately 1 mm thick. In this experiment the 
animal, a rat, wits dissected in the lighted room. After a 
2-week exposure of the slices in the deep freeze, no image 
whs observed. 

In a repeat experiment using the kidney^ a guinea pig 
was sacrificed in total darkness. Tissue slices exposed to 
ultraviolet light for fl min and slices left in darkness were 
placed side by side on a quartz plate, which in turn was 
placed on an NTB plate. A similar set was placed in 
direct contact with emulsion of an NTH plate. The time 
from the end of ultraviolet exposure to placing on the 
photographic plates was about 3 min. The quart® plate 


was 1 mm thick. The results are given in Table 1. 

After both 2- and 24-hr exposures at approximately 
no image was found under the sections on the , 
quartz plate. This indicates that the kidney picture 
shown in Fig. 2 was not produced by photons of fluores¬ 
cence, oxidativo luminescence, or any form of biochemical 
photon production in. the range of wavelengths trans¬ 
mitted by the quart* and recorded by the NTB emulsion. 

Tjc experiments on direct contact, showing approxi¬ 
mately equal densities for the tissues exposed and un¬ 
exposed to ultraviolet light, for both 2 and 24 hr, Indicate 
that there was no delayed emission of photons produced v 
in the companion experiment and Altered out by the 
quartz. The interesting well-known observation of yellow 
fluorescence was seen on irradiation, but died out within 
a few seconds after the ultraviolet source was turned off. 

As many of the autoradiographs made in this labora¬ 
tory are fixed in Bouin’s solution, experiments wererun *6 
test tlie possibility of artifacts f rem this source. Phraffih 
sections of rat lung, heart, kidney, and liver, which hud 
been fixed in Bouin’s solution, were placed in direct con¬ 
tact with an NTB plate. No blackening was observed 
after several weeks of exposure at approximately -16° C. 

These preliminary experiments indicate that Figs. 1 
and 2 were produced by direct chemical action. It should 
not bp inferred that these observations prove the non¬ 
existence of biochemically produced photons. Emulsions 
of different sensitivity or biological tissues under dif¬ 
ferent conditions might show the production of a small 
amount of photons. 

These results on NTB emulsions can be taken only as 
a warning when working with other emulsions. It does 
not follow that lantern slides or x-ray emulsions will show 
the same pattern or intensities. They may give the same 
or different patterns and may be more or less intense. 
For example, it is well known that hydrogen peroxide will 
fog many photographic emulsions (tf), but it does not fog 
NTB emulsions. Also, th© effect of histological fixative 
solutions and stains should be checked until proved harm¬ 
less. 

One advantage of the NTB plate, especially the NTB 2, 
or electron track plate, is that autographs can be differ¬ 
entiated from chemical fogging by virtue of the tracks 
for autographs and random grains for chemical fogging. 

These observations suggest a new histochemicaU tool. 
The NTB plate with its low background fog and *mall 
grain size giving high resolution, is probably the be* for 
this purpose, though other platos have not yet boon tested. 

It should not be inferred that this artifact mokes'auto¬ 
radiography impossible. It does, however, emphasize the 
necessity of Tunning controls on all solutions and tissues 
coming in contact with the emulsion. Another means of 
‘eliminating the artifact is by interposing a thin im¬ 
permeable film between the subject of study and the emul¬ 
sion. Stripping film is one type of emulsion designed for 
this purpose (g). 
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Some Observations on the Role of Folic Acid 
in Utilization of Homocystine by the Rat 1 

Mary Adelia Bennett 

Lankcnau Hospital Research Institute and 
The Institute for Cancer Research, Philadelphia 

Rats bred in this laboratory on our proexperimental 
diet, which has been described in detail (1, 4), have been 
shown to grow on a diet containing homocvstinc as the 
sole source of sulfur-containing amino acids, without 
known sources of labile methyl donors. The importance 
of the preexperimentnl diet for this phenomenon has 
Im'oh emphasized ( 1 ) and the possibility of stored factors 
involved in the utilization of bomocystine suggested. 

In subsequent studies, Sulfasuxidims was administered 
to ruts under the same experimental condition#, on the 
Assumption that _,thc possible source of labile methyl 
donors could haver originated from intestinal bacterial 
synthesis. This drug is known to be an inhibitor of in¬ 
testinal synthesis of biotin and folic acid. The ability 
of the rats to utilize homocystine seemed to have been 
lost in con junction with the destruction of the intestinal 
flora responsible for synthesis of folic acid, for growth 
could not bo reestablished by dietary supplements of ex¬ 
tra biotin and of folic acid concentrate or ryzamin-B 
(£, 6). This fact suggested that the bacteria synthesize 
a factor involved in the utilization of homocystino. 
However, the ability of the rats to utilize homocystine for 
growth could be reestablished with continued feeding of 
the sulfonamide by further supplementation of the diet 
with Liver Extract Lilly (LEL). These results could be 
interpreted as indicating thpt LEL furnishes to the rats 
factors made unavailable by the Sulfasuxidino. Since 
crystalline folic acid had become available, it seemed 
desirable to add it to the vitamin supplement to ensure 
adequate replacement of at least two vitamins involved, 
biotin and folic acid. The present roport is concerned 
with the role of folic acid in th» promotion of growth of 
ruts on a labile methyl donor-free diet, containing homo¬ 
cystine as the sole sulfur amino acid, in the presence and 
absence of Sulfasuxidine. 

The experimental procedure has been outlined in earlier 
publications (S-5). T*bfo 1 gives a summary erf the re¬ 
sults obtained. The rats fed the Sulfasuxidine diet had 
received the basal diet approximately 50 days before the 
initial period setported im the table. Rats 94^37^, litter- 
mates, show the best response to folic acid obtained 
under these conditions. The initial weight of the rata 
was 90,5, 80.6, 09.0, and 78,0 g, respectively; the average 
gain per day was 1.2, 0.9, 1.4, and 1.5 g* The growth 
response varies, however, in different individuals, and 
data for rat 02 are presented as an example of those ani¬ 
mals • that do not respond to folic acid even though 
growth is elidtedjn them by LEL. Still other rats, not 
reported here, showed intermediate degrees of growth. 

The rats which did not receive the sulfa drug had been 
fed the basal diet approximately 84 days before the iui- 

1 Aided by n fund in memory of Ruth C. Joyce* 


tial period reported in the table. When taken from the 
colony diet, at 86 days of age, the animals were depleted 
on the basal diet, without homocystine, for 14 days. 
Then on addition of homocystine they were allowed to 
regain their initial weight before the 26-day period re¬ 
ported; this took about 20 days. However, the rats re¬ 
ceived the extra biotin and folic acid from the begin¬ 
ning of the experimental period. The initial weight of 
the rats wus 118.5, 119.0, 98.0, and 103,0 g, respectively; 
the average gain per day was 1,5, 1.7, 1.0, and 1.7 g. 

TABLE 1 

Effect of Fomc Acid on the Growth of Rats Feu 
a Labile Methyl-free Diet Containing 
Homocystine with and without 
Addition of Sulfa nux idler 


Rat 

Non. Diet 

9 


a> fe® 

35 


§ 


*; 

« o 
# -5 -2 

J 5k US 

£ & & a * 



t » 

a c 



(With 2% 


Sulfasuxidino) 



Basal* 

12 

2.0 

78.3 

-3.8 

- 0.8 

34—37f 

Basal + R.Vt + till 

12 

2.5 

75.0 

0M 

0:0 

Avg (4) 

Basal + Ry + BI + Foil 

28 

4.2 

75.3 

34.9 

1.3 


Bnsnl + Ry -♦ B1 

18 

4.0 

110.1 

6,0 

0.3 


Bnsnl 

12 

1.0 

63.0 

-8.0 

-0.3 


Basal f Ry + B1 

10 

2.0 

60.0 

-2.6 

0.8 

62 

Basal + Ry + Bi + Fo 
Basal + Ry + Bi + Fo 

16 

2.1 

67.5 

0.5 

* 0.0 


+ LEL1 

24 

3.8 

58.0 

30.0 

1.8 


Basal + Ry + Bi + Fo 

8 

4.0 

88.0 

1.0 

0.1 


(Without 

Rulfamixldinc) 

88-91 Basul + B1 + Fo 26 5.4 109.6 37,9 1.5 

Avg (4) 


•The basul diet consisted of a 17% amino acid mixture 
(S) and 0.83% homocystine. When Sulfasuxidine was fed 
It was added to the banal diet, which was given ad libitum . 
Rats 88- 91 were restricted to 6 g of the diet for the first 
16 days nnd ate ad libitum for the next 10 days. The stand¬ 
ard dose of B vitamins was 500 y each of nicotinic acid, 
p-amluobcnzolo add, and Inositol, 200 y of calcium panto¬ 
thenate, 40 y each of tlilumln hydrochloride, riboflavin, and 
pyridoxin* hydrochloride, and 0.25 7 biotin (5). The ryxa- 
mlirwB, pocrrav blorin, tfbMc add, asd m wn> added to the 
standard vitamin mixture and fed dally, m*-H«tnocystlne 
(100 + 041% by disulfide determination) was prepared in this 
laboratory by du Vlgneaud’s method modified by Brand 
<57 7 * 

t Rats 34-37 were put back on the folic add supplement in 
approximately 80 days and grew at practically the same rate 
for nearly 30 additional days* when the growth curves 
leveled off. When killed after 220 days on tho synthetic 
diet, they weighed 181, 168, 166, and 153 g, respectively. 
On autopsy their livers did not appear fatty and weighed 
7, 6, 8, and 6 g. Microscopic examination showed moderate 
fatty Infiltration of the liv^r and some tubular degeneration 
of the kidneys, 

t Ry signifies 62.5 mg of ryaamln-B unfortified (Wellcome 
Research Laboratories). 

I Rl signifies 2 y of biotin. Rats 88-91 received 1 y of 
biotin. 

Jj Fo signifies 20 y of folic acid (Folvlte Lederla). 

1 LKL slfuifies 06.6 mg of .'Liver .Extract Lilly. 
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Under these conditions the rate of growth is quite con¬ 
sistent; the presence of folic acid seems to prevent the 
acute reversible drops in weight observed in previous 
experiments (4). Of 12 rats studied on this diet, only 
one rat, number 90, showed a slight drop in weight with 
food consumption dropping to zero for one day. This 
rat also showed an early leveling-off of her growth curve 
on the 15th day of the reported period; the growth of the 
other rats did not level off until after the 26-day period, 
The above experiments indicate that rats do not always 
lose their ability to utilize komocystine, under the condi¬ 
tions prevailing in these experiments, even though their 
intestinal folic acid synthesis has been cheeked by the 
sulfa drug, since addition of large doses of crystalline 
folic acid enables some rats to continue growth. The 
fact that only some rats respond to folic acid indicates 
that it is not the only factor involved. These animals 
retain a latent capacity for the utilization of homocys¬ 
tine, which seems to depend for its manifestation on a 
fairly high level of folic acid and is not destroyed by the 
sulfa drug. The nature of the variability of the growth 
response becomes apparent when we realize that other 
vitamin B factors are probably involved, the most con¬ 
spicuous one being Bi fl . These factors may be stored in 
the animals in varying amounts from preexperimental 
diets and may therefore be depleted in single animals at 
different periods of the experiment. Work is now under 
way to elucidate these problems. 
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Separation of the Ionic Species of Lysine 
by Means of Partition Chromatography 1 

S. Aronotf 3 

Institute for Atomic Research and Department of Botany, 
Iowa State College, Ames 

It Is a cardinal principle in chromatography that for 
each compound there is only one position on the chromato¬ 
gram; this locus is unique in the sense that all of the sub¬ 
stance is contained within that position, but not in the 
sense that entirely different substances may not also 
occupy that position. As a corollary, it is believed that 
the appearance of two or more loci of substance indicate 
the presence of two or more different compounds. It is 

1 Work supported in part by the Amea Laboratory of the 
Atomic Energy Commission under Contract W-7406-eng-82. 

s The author desires to acknowledge the assistance of Mr. 
Leo Vernon in a portion of this work. 


the purpose here to cite exceptions to this corollary, vis., 
that the presenco of more than one locus of concentration 
may still be identified with a single substance. 

We have found that paper partition chromatography of 
lysine* in a saturated phenol > water system may result 



1 2 3 4 5 


Kju. 1. NinhydrJn-developed spot* of lysine allQuoted at 
various pH’s : 1 at 2.20, 2 at 8.45, 3 at 9.50, 4 at 10.62, and 
5 at 12.15. 

in a plurality of Bpots. If from a relatively large volume 
of aqueous solution of lysine, small aliquots are taken for 
partition chromatographs, the number and position of 
these spots will depend upon the pH of the aqueous solu¬ 
tion of the lysine (Bee Fig. 1). The relative intensities 
will be in rough accord with the distribution of ionic 
species for the different pH A as calculated from ioniza- 



*Fw. 2. The distribution of ionic species of lysine nt vari¬ 
ous pH’s. 

* The lysine was purified hy two recrystnllisatlons* once as 
the picrate and again as the dihydrochloride. This pro¬ 
cedure was followed for three different sources of material, 
all of which gave the same results: synthetic DL-lyMne 
(monohydrochJoride), naturally-occurring L-lystne (mono- 
hydrochloride), and lysine regenerated from the hydrolysis 
of amtoohomoplperldone, and precipitated as the dihydro¬ 
chloride. Melting points were In agreement with Values in 
the literature (XL 
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tion constants (see Pig. 2). An unequivocal assignment 
of the spots to corresponding species is not necessarily 
possible, e.g,, as in the two acid lysinates. The R’s sub¬ 
ject to temperature fluctuations, appear to correspond, 
respectively, to the free acid (++o) as 0.30, lysin&te (-H— ) 
as 0.35, acid lysinates (of— and -to) as 0.48 and 0.65, and 
free base (oo-) as 0.74. 

The effect is absent in a basic solution, as collidine- 
water, or in a more economical medium which we have 
found equally effective for amino acid chromatography, 
butanol-water-pyridine (1:1: 0.0). In either solvent the 
phenomenon does not appear with a polybaaic amino acid, 
such as aspartic acid. It is possible that the use of 
stronger bases, such as the aliphatic amines, would be 
more effective with the weakly acidic groups. In phenol- 
water, arginine also yields long streaks rather than dis¬ 
crete spots, indicating a situation akin to that of lysine. 
The absence of the effect with histidine may perhaps be 
correlated with the relative weakness of its basicity. 

An explanation of the phenomenon can probably be 
given along linos similar to those advanced by Westell (5) 
for the separation of inorganic ions in partition chroma¬ 
tography, i.e., basic lysine ions are capable of association 
with phenol. These associations are essentially new com¬ 
pounds, possessing their own partition coefficients and 
moving independently without charging the phases. The 
explanation assumes that in the phenol system the dis¬ 
sociation of phenol is so small that it does not cause 
drastic acidification of basic ions of lysine. Rough cal¬ 
culation of the volume of water in the phenol > water 
system bathing the spots shows that it probably does not 
exceed that used in the original aliquot; there is there¬ 
fore no appreciable change of the intrinsic pH by dilution. 
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Demonstration of a Fatty Acid Oxidase 
in Frozen Poultry Fat 1 

Phyllis Ellmait and Barbara A. McLaren 

Division of Homo Economics, Agricultural Experiment 
Stmtion , State College of Washington, Pullman 

Lipoxidases have been shown to exist in plant material 
(0) and in animal tissues (I, £). The Warburg tech¬ 
nique has been used to demonstrate the ability of micro¬ 
organisms to oxidise fats {£). The adipose tissue of rats 
has been shown to be enzymatically active (0, 5). 

In the course of a study on the causes of rancidity of 
frozen chicken fat, an e&fcyme was prepared which oxi¬ 
dises fatty acids. AU birds* were killed by sticking, 
then were drawn, and frozen at 0 8 F. The Adipose 
tissue was removed by permitting the carcass to thaw 

1 Published as Scientific Paper No. 848, Agricultural Ex¬ 
periment Station, Institute of Agricultural Sciences, State 
College of Washington. 

4 We wish to thank Dr, W. J, Stadelman, of the Washing¬ 
ton State College Poultry Department, for supplying the 
birds used in this work. 


enough for skinning. Fat deposits from around the neck, 
the visceral cavity, and, on the body were removed and 



Fio. 1. Effect of different substrates on the oxygen up¬ 
take of the fatty acid oxidase. 


poolod. Care was taken to include no muscle, skin, or 
connective tissue. This collected material was kept frozen 
until used—a period varying from 1 week to 3 months. 

The enzyme was prepared by expressing the fat away 
from the tissue portion of the adipose material. The 
separated tissue was blotted on absorbent paper to re¬ 
move excess fat, weighed, and homogenized with distilled 
water in a Potter homogenlzer ( 4 ), 1 g of tissue in 30 ml 
of water. Tide mixture was centrifuged, the supernatant 
collected, and the residue washod twice by centrifuging 
with distilled water (10 ml of water for 1 g of tissue). 
Washings were combined with the previously prepared 
supernatant. Microscopically, the homogenate showed 
that some cell debris and fat globules were retained. 

Using a Warburg Respirometer and an atmosphere of 
air at 37° O, the homogenate had an induction period 
of 4-6 hr (average of eleven trials was 5 hr). After 
the induction period in the presence of phosphate, Mg ion, 
and adenosine-5-phoephorie add, there was a steady 
oxygon uptake, varying from 30 to 100 pl/hr (average 
of nine trials was 65 pi). Respiration continued for ap- 
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proximately 24 hr. Attempts to demonstrate the sub¬ 
strate for tiiie respiration were unsuccessful. 

The homogenate was combined with 1.2 volumes of 
0.01 M phosphate buffer (pH 7.5) and 0.2 volumes of 
0.04 m MgSOj, filtered to remove fnt globules, and aged 
at 37° C for 24-29 hr. Very little respiration was shown 
by 2.4 ml of this preparation with the addition of 0.2 
ml of 0.0028 M adenosine-5'phoflphoric acid. The addi¬ 
tion of glucose as a substrate did not change the respirn 
tion. The addition to this mixture of 0.2 mM of oleic 
acid, linoleic acid, palmitic acid, stearic acid, tripalmitin, 
tristearin, butyric acid, acetic acid, or 3.3 mg Antfirox 
B-290 8 (a water-soluble castor oil polyethylene glycol 
ester) approximately doubled the oxygen uptake. Malic 
and fumario acids, members of the tricarboxylic acid 
cycle, also doubted the oxygen uptake. Aeids were 
neutralized with NaOH before using. A portion of the 
enzynu' phosphate -magnesium ion mixture which had been 
aged, but not filtered, showed a higher respiration than 
any of the substrates added to the filtered preparation. 

Boiling the aged and filtered homogenate for 30 sec 
destroyed ensymatic activity. Dialysis of the unflltercd 
mixture against phosphate buffer and Mg ion during the 
aging period also decreased activity markedly. 

Adipose tissue from five birds was used .in this work 
and it was observed that there were large variations in 
the activities of preparations from different birds, and 
fat deposits from different parts of the same bird. 

Further work is being carried out on substrates for 
this preparation and on the path of the oxidation. 
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A Simple Jet Type Air Stirrer 1 

G. C. Potter end F. A. Kummerow 

Kantat Agricultural Experiment Station, Manhattan 

The paddle wheel type of air stirrer has been used La 
organic laboratories in order to reduce fire hazards. How¬ 
ever, this type of air stirrer is noisy, clumsy, and lacks 
power. The jet type stirrer described in this article is 
almost noiseless in operation, compact, and has more speed 
and almost as much power as a variable speed stirrer.* 

1 Contribution No. 884, Department of Chemistry. Funds 
wippHed by Office of Naval Research and Bureau of Animal 
Husbandry under Research and Marketing Act, 
f Geftoo, Central Scientific Apparatus Company, Chicago. 

" Sample of Antarox B-290 from Antara Products, New 
York. 
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The jet type stirrer can be made most conveniently 
from a 1-in. steel hall and brass or steel jets 8 (Fig. 1). 
A hole J In. in diam and 1 in. deep must first be drilled 
into one side of the steel ball, and a piece of steel i in. 
in diam and If in. in length (A) inserted into the hole 



Fig. 1 . Diagram showing construction of stirrer (tmurd 
around Jets of hardware cloth 2 In. in width is not shown). 

and brazed to the steel ball. The upper part of this lj-in. 
steel rod serves as a means of holding a ball-bearing race 4 
and cbne (B) and the lower part serves as a shank to 
which a stirring rod can be attached with either a piece 
of heavy rubber tubing or an ordinary steel chuck. A 
hole l in. in diam and J in. deep (C) must then be drilled 
directly opposite the steel rod, and three holes 8/32 in. in 
diam (D) at a 120* angle to each other drilled so as to 
contact the lower half of the hole Which had been drilled 
at (C). The three holes at (D) are then threaded, and 
threaded brass or steel jets screwed into them. These 
jets are beat slightly at point (<&) . The hole at point (G) 
is also threaded and a $-in. threaded steel tube screwed 
into it. The upper end of the steel tube holds another 
ball-bearing race and cone and a babbit bearing at (F). 
Another piece of steel tubing 1| iu, in length is threaded 
at one end and screwed into the bicycle cone. A piece of 
heavy rubber tubing is connected to the upper end of 
this steel tube and serves as an air inlet (G)v The ap¬ 
paratus is held rigid by the steel bracket (H) clamped 
to a Ting stand at (J), The speed of the stirrer can be 
adjusted by regulating the flow of compreesed air. 

9 Ford V-8 carburetor Jets or 4 -in. steel capillary tubing. , 

* Front wheel bicycle race and cone. 
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Comments and Communication 


Do Amino Acids Fluoresce on Papergrams? None of the amino acid spots oh glass fluoresced, even 

after 24 hr of continuous heating. A typical example 
Before amino acid papergrams are treated with ninhy- ^ ^ aeen in the figures. They show spots of the same 

drin, it is customary to drive oft the residual solvents by amino acid ( cyst ine), heated under identical conditions, 

heating. It has been observed that the amino acid spots on Whatman No. 50 paper and on glass. Photographed 

fluoresce under ultraviolet light at this stage, and fluores- under tungsten light (Fig. 1), the paper spot is invisible 

cence is frequently used when it is desired to locate the and ^he glass spot is faintly outlined by a border of dried 

amino acids without reacting them with ninhydrin. This crystals. Photographed in the dark under ultraviolet 

has led to an assumption which appears unwarranted, that U g ht with proc * 88 pan fii m and a Wratten A red filter 

it is the dry amino acids themselves that fluoresce. (Fig. 2), the paper spot glows with fluorescence and the 

In experiments with glycine and Whatman No. t fitter corresponding spot' on glass is invisible beenuso it does 
paper, we have found that after heating,. unchanged not fluoresce. 

glycine can be extracted by washing with water, but the The production of fluorescence may be due to a reaction 
fluorescence remains behind on the paper. This, inciden* between the amino acid and the cellulose, similar to the 
tally, leads to errors if an area located by fluorescence nonenzymatic browning reaction. Most amino acid spots 
is water-extracted for subsequent evaluation by ultra- become visibly brown after prolonged heating. For ex¬ 
violet absorption. It is easy to demonstrate that the ample, 3 g glycine in solution, pulped with 60 sq in. 

paper is essential for the development of fluorescence. Whatman No. 1 paper in a Waring Blendor and evapo- 

We have uir-driod spots from solutions of 21 common rated to dryness, showed brown discoloration and intense 

amino acids on filter paper (Whatman Nos. I and 50), fluorescence after 6-hr heating. Neither browning nor 

and on glass plates. None of the dry spots fluoresced fluorescence occurred under identical conditions with 

under ultraviolet light in the 3650-A region. After a glycine or filter paper alone. It seems obvious that the 

few minutes’ heating at 105° C, all the paper spots molecular structure of the ainino acid is not a prime 

fluoresced. The spots on hardened paper fluoresced more factor in producing such fluorescence. All the amino 

brilliantly at first, but 3 hr of additional heating obliter- acids produce similar results, the sine qua non being the 

ated this difference. filter paper. Heating speeds up the reaction but is not 



Flo. 1. Appearance of heated amino acid spot on filter Fig. 2. Sweated amino acid spot on filter paper and glam 
paper amt jriow ptatr u nd er tung s t e n light. plate Wider ultraviolet light In the 3650-A region. 
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necessary; fluorescence develops slowly at room tempera- 
tore* Drying from solution does seem to be necessary 
for the close contact required. 

A. R. Patton, Elsie M. Foreman, and 
Patricia C. Wilson 
Colorado A 4' M College, Fort Collins 

The Coxsackie Group of Viruses 

It has become desirable to name those viruses that 
are pathogenic for suckling inice and hamsters, and that 
have recently been associated with 1 * poliomyelitis f ’ (Dall- 
dorf, G. and Sickles, G. M. Science , 1948, 108, <11; Dall- 
dorf, G. et al, J . exp. Med., 1949, 89, 567; Melnick, 
J. L., Shaw, E. W., and Curnen, E. 0. Proc. Soc. exp. 
liiol. Med., 1949, 71, 344). 1 have felt that the dis¬ 
ease should not be named until something is known of the 
anatomic lesions in man and a good deni more is learned 
of the range of symptoms and the relationship, if any, 
to classical poliomyelitis, On the other hand, a provi¬ 
sional designation is needed and it is suggested that the 
agent be called “Coxsackie virus/’ since the first recog¬ 
nized human cases were residents of that New York 
village. Since a number of viruses may be involved, the 
term “Coxsackie group of viruses” seems especially suit¬ 
able. This provisional nomenclature has the support of 
those workers known to us to have experience with these 
agents, namely, J. L. Melnick and E. C. Curnen, of the 
Yale School of Medicine, and G. E. Quinby, R. 8. Paffen* 
barger, and Beatrice Howitt, of the Communicable Dis¬ 
ease Center, IT. 8. Public Health Service. 

The term may properly be applied to viruses having the 
unusual host range described in published studies and the 
faculty of inducing severe, destructive lesions of the 
striated muscles, with or without encephalomalacia in im¬ 
mature mice and hamsters. 

It is hoped that strain identification will be made only 
after reference to those strains that have now been 
studied. 

Gilbert Dalldorp 

Division of Laboratories and Research, 

New TorJc State Department of Health, 

Albany 

Basic Issues in the Controversy on 
Zoological Nomenclature 

A very important and basic controversy is now going 
on in zoological nomenclature. So far only scattered 
comments have appeared in public and these few state¬ 
ments present conflicting views. It i* apparent to the 
members of this dismission group 1 that the bask issues 

l Th* Nomenclature Discussion Group consists of 71 tax¬ 
onomists of the Smithsonian Institution, the U, 8. National 
Museum, the-Bureau of Entomology of the U. B, Department 
of Agriculture, the Paleontology Branch of the U. S. Geologi¬ 
cal Survey, the Pish and Wildlife Service of the V. 8. De¬ 
partment of the Interior, and the V. S. Public Health Service. 
This statement is sighed by the members of the Steering 
Committee, as follows: R. R, Black welder, F. A. Chace, E.A. 
Chapin, D. H. Dqnkte, R. Kellogg, J. B. Knight, C. F. W. 
Muesebeck, P. W. Oman, H. A. Render, C. W. Sobrosky, A. 
Stone, and A, Wetmore, 


have not been sufficiently emphasised. 

At Paris In July 1948, the International Commission 
on Zoological Nomenclature, which there consisted of four 
regular commissioners and eight or nine alternates ap¬ 
pointed for the occasion, adopted a far-reaching program 
of reform, a program prepared at great length by the 
secretary. This program included (1) authorization for 
a rewriting of the code around a set of stated principles; 
(2) actio* on a large number of individual amendments, 
none of which had previously been voted on by the com¬ 
mission; (3) entrusting to “jurists’* the preparation of 
the text of the new code in 4 * watertight legal language ’ ’; 
and (4) a complete reorganization of the commission, its 
size, its method of selecting members, and its bylaws. 
Most of this was without advance notice to zoologists or 
to the commission, and neither the commissioners nor the 
alternates at Paris had opportunity to study the volumi¬ 
nous agenda in advance of the meeting. 

The following facts stand out us the basic issues: (1) 
the most momentous actions of a half-century in zoologi¬ 
cal nomenclature were taken at Paris without preliminary 
announcement, without the usual opportunities for con¬ 
sideration by zoologists in general, and without prior 
study and approval by the regular commissioners; (8) 
in many cases approval was given only “in principle,” 
with no provision for review of the principles and with 
the actual wording left to a committee of jurists; (3) 
not only was no provision made for review of these 
principles, but no right was reserved for the regular com¬ 
mission, the international congress, or zoologists to accept 
or reject the final wording of the proposed revision or 
any of its parts before promulgation. 

It is dear that the program which produced these is¬ 
sues was created and fostered by the secretary of the 
commission, .who no doubt believed that his actions were 
desirable and necessary to improve the nomendatural 
situation. Nevertheless, shorn of all obfuscations re¬ 
garding “mandates from the congress/’ dangers of de¬ 
lay, and similar assertions, the means taken to effect the 
ends are contrary to the principles and practices on which 
international cooperation in nomenclature was established 
and by which it has functioned for nearly half a century. 

Such actions strike at fundamentals. If they are al¬ 
lowed to stand, international cooperation in nomenclature 
will be a farce, the confidence upon which support of the 
commission has been based will be lost, and the accom¬ 
plishments of years in the field of zoological nomencla¬ 
ture will be jeopardized. 

If confidence is to be maintained and international 
cooperation made secure, any plan for revision of the 
code must have widespread approval. Zoologists must 
be permitted to see any such proposals and express their 
reactions, the full commission must study nil proposals, 
as well as the comments of zoologists, and pass judgment 
on them, and, if it still seems desirable to maintain the 
formality, the following International Congress of Zool¬ 
ogy mutt formally approve the final draft 

STM^NO OOMMITTB*, 

Nomunolatuhe Discussion Group 

Washington, D. C/ 
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NEWS 
and Notes 

The Royal Swedish Academy of 
Engineering Sciences has elected to 
membership Glenn T. Seaborg, 
Swedish-born chemist at the Univer¬ 
sity of California in Berkeley. 

Herman Mark, director of the 
Polymer Research Institute at the 
Polytechnic Institute of Brooklyn, 
has been invited by the Indian Na¬ 
tional Research Council to visit 
India in January and February and 
to deliver lectures on the scientific 
and practical aspects of the physics 
and chemistry of high polymers in 
universities and research institutions 
in Bombay, Delhi, Calcutta, Banga¬ 
lore, and Madras. He will address 
the meeting of the Indian Academy 
of Sciences, December 29-31, in 
Bombay, and that of the Indian As¬ 
sociation of Science in Poona, Jan¬ 
uary 2-8. Dr. Mark is a member of 
the Indian Academy of Sciences. 

Holbrook Mann MacNeille, chief 
of the Fundamental Research Branch 
of the IT. S. Atomic Energy Com¬ 
mission, assumed executive director¬ 
ship of the American Mathematical 
Society on November 14. 

Lyman C. Craig, of the Rocke¬ 
feller Institute for Medical Research, 
will deliver the third Harvey Lecture 
of the current series at the New 
York Academy of Medicine on De¬ 
cember 15. Dr. Craig will speak on 
“Isolation and Characterisation of 
Biologically Important Substances . 1 * 

Perry W. Gilbert, associate pro¬ 
fessor of soology at Cornell Univer¬ 
sity and currently on sabbatic leave, 
is studying the origin and develop¬ 
ment of the human extrinsic ocular 
muscles as a guest investigator at 
the Carnegie Laboratory of Em¬ 
bryology, Baltimore* Dr. filbert 
will resume his teaching duties, at 
Cornell on February 1. 

George G. Gallagher was recently 
appointed assistant manager of the 


Raw Materials Operations Office of 
the II. £. Atomic Energy Commission, 
where he will have direct supervision 
of the domestic uranium program of 
the AEC. Ho replaces Jesse C* 
Johnson, who recently became dep¬ 
uty manager. Before joining the 
AEC staff, Mr. Gallagher was gen¬ 
eral superintendent of the Compania 
Minora Venturous in Mexico. Dur¬ 
ing the war and until 1947 he was an 
engineer examiner in the mining sec¬ 
tion of the Reconstruction Finance 
Corporation. 

William Vogt has resigned as 
chief of the Conservation Section of 
the Pan American Union, effective 
November 15. 

John B. Youmans, dean of the 
University of Illinois College of 
Medicine, has resigned to take a 
similar post at Vanderbilt Univer¬ 
sity, effective March 1, 1950. Dr. 
YoumaiiH will succeed Ernest Good- 
pasture. 

Guenter Schwarz and George L. 
Rogosa joined the staff of the Flor¬ 
ida Btato University Physics Depart¬ 
ment this fall. Both men were for¬ 
merly at the Institute of Cooperative 
Research, Johns Hopkins University. 

Walter G. Schindler, Rear Ad¬ 
miral, USN, has been made deputy 
chief of research at the Navy's Bu¬ 
reau of Ordnance. He succeeds 
Frederick I. Entwhistle, Rear Ad¬ 
miral, USN. 

Visitors to U. S. 

George Vaux, French archaeolo¬ 
gist and professor at the Sorbonne 
is a visiting member of the Harvard 
University Classics Department, 
where he will lecture on Delphi. 

Yoshio Kusama, chairman of 
the Japanese Council on Medical 
Education, and professor of preven¬ 
tive medicine at Keio University 
Medical School, Tokyo, is making a 
tour of leading American medical 
centers. He will return to Japan 
about the middle of February. 

Sunder Lai Hora, director of the 
Zoological Survey of India, Indian 
Museum, Calcutta, visited centers of 


zoological, fisheries, and oceano¬ 
graphic research in this country last 
month. During his stay he lectured 
at Yale, Berkeley, Washington Uni¬ 
versity, and the University of Michi¬ 
gan, and at the National Museum 
and the Fish and Wildlife Service at 
Washington, D. C. His subjects 
were fish farming, with special ref¬ 
erence to Indian and Chinese prac¬ 
tices; study of adaptations among 
torrential fishes of India; and the 
zoogeography of India. 

Visitors at the National Bureau of 
Standards last month included N. 
D. Hill, engineer, Research Labora¬ 
tories of Elliot Brothers, London; 

R. M. LeLacheur, research physi¬ 
cist, National Research Council of 
Canada, Ottawa, who will be here for 
several weeks; Torvald Malmstrom, 
assistant director, Swedish Royal 
Academy of Engineering Sciences, 
Stockholm; D. H. Sadler, superin¬ 
tendent of H. M. Nautical Almanac 
Office, Royal Greenwich Observatory, 
Hailsham, Sussex; F. Sventton, of 
the Aeronautical Research Institute 
of Sweden; Manuel S. Vallarta, 
professor at the University of Mex¬ 
ico, temporarily wth the Institute for 
Advanced Studies, Princeton; Max 
Freson, secretary, National Research 
Council, Brussels; A. C. Metudes, 
physicist, and controller of Research 
and Development, Hilger and Watts, 
Ltd., London; S. A. Shareef, direc¬ 
tor of engineering development, 
Government of Pakistan; and A. C. 

S. van Heel, professor, Technical 
University of Delft, Netherlands. 

E. E. Evans- Pritchard, professor 
of anthropology at All Souls College, 
England, will be a visiting professor 
in the University of Chicago’s De¬ 
partment of Anthropology during the 
winter quarter. 

Abelardo Moreno, of the Univer¬ 
sity of Havana, is in Washington, 
D. C. on a Guggenheim fellowship for 
one year’s study. Dr. Moreno may 
be reached at the National Museum, 
Division of Birds. 

Simdn Markovich, head of the 
Department of Neurophysiology at 
the Central Institute of Neurosur¬ 
gery and Neuropathology, Santiago, 
is at Columbia University for a 
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yearns postgraduate work, Dr. MaT- 
kovich has a U. 3, Public Health Pel* 
lowship. 

Grants and Awards 

The American Institute of 
Chemists will award its 1950 gold 
medal to Walter J. Murphy, editor of 
the American Chemical Society ’» 
Chemical and Engineering News, In¬ 
dustrial and Engineering Chemistry , 
and Analytical Chemistry, The 
medal is awarded annually for note- 
worthy service “to the science of 
chemistry or the profession of chem¬ 
ist in America. " Dr. Murphy was 
cited as * * a great editor, who has 
focused the world’s attention on 
chemists and their contributions as 
professional men.'* Ho will receive 
the award at the institute's annual 
meeting in New York in May. 

The Harvard Foundation for Ad¬ 
vanced Study and Research an¬ 
nounced last week that the university 
had received an unrestricted gift of 
150,000 from the Mallinckrodt Chemi¬ 
cal Works of St. Louis. 

The Albert and Mary Lasker 
Foundation awards for 1949 of the 
Planned Parenthood Federation 
went to Carl G. Hartman for his re¬ 
searches in embryology and reproduc¬ 
tion, particularly in regard to ovula¬ 
tion, and to George M. Cooper for 
his outstanding services to maternal 
and child health in North Carolina. 

The Nutrition Foundation, Inc. 
has approved grants-in-aid to the fol¬ 
lowing institutions: University of 
California—$3,000 annually for two 
years to M. 8 . Dunn tor the study of 
the functions and microbiological 
analysis of amino acids; University 
of Cincinnati—$2,500 annually for 
two years to Joseph Warkany for 
the study of diet and congenital mal¬ 
formations , and $5,Q00 to G, M, 
Guest for clinical and experimental 
research on diabetes, especially in the 
young; University of Rochester— 
$2*000 to ‘K. E, Mason for the study 
of the nature and significance of a 
pigment associated with vitamin E 
deficiency; University of Minnesota 
-—$4,500 for two years to P< D.Boysr 
for studies oa ths metabolic function 
of vtoantin B? A. 4b M* College of 
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Texas—$2,000 annually for two years 
to C, M, Lyman to study the bio¬ 
chemical reactions leading to the 
synthesis of amino acids; Syracuse 
University—$3,000 to W< W, Wester - 
feld to study carbohydrate and pu¬ 
rine metabolism; University of Iowa 
—$1,800 annually for two years to 

C. P. Berg to study the rtfetabolism 
of amino acids; University of Flor¬ 
ida—$2,500 annually for two years 
to G. K . Davis to study the inter¬ 
relationships of molybdenum, copper, 
and phosphorus in animal metabo¬ 
lism; Western Reserve University— 
$1,500 to I. Pyle and N. L. Hoerr for 
charts on the bone development in 
children and reference standards 
based on x-ray records; Children’s 
Hospital, Boston—$5,000 to 8. B. 
Wolbach to study vitamin and min¬ 
eral deficiencies and excesses; Univer¬ 
sity of Pittsburgh School of Dentistry 
—$3,000 to Gerald J . Cox to study 
factors in the diet that control tooth 
development, and $3,000 annually for 
two years to B. F. Daubert to study 
the development of methods for the 
micro-estimation of unsatu rated 
fatty acids; Cornell University Medi¬ 
cal College—$3,000 annually for two 
years to Donald B. Melville to study 
the biochemical significance of com¬ 
pounds related to histidine, and $3, 
000 annually for three years to Bich¬ 
ard E, Lee to study the dietary fac¬ 
tors involved in maintaining the 
integrity of the peripheral vascular 
system; and Columbia University— 
$4,000 annually for two years to 

D. Bittcnberg to study precursors of 
cholesterol. 

Colleges and Universities 

The University of Chattanooga 

formally dedicated its new $500,000 
science building on November 19. 
The building is named Brock Hall 
in honor of William E. Brock, for¬ 
mer U. 8, Senator, who has served 
for 30 years on the university's 
board of trustees. The building’s 
medical research laboratory, estab¬ 
lished by John B. Haskins, Chatta¬ 
nooga physician, was also dedicated 
and is to be known as the John B. 
Hoskins, Jr. Memorial Laboratory. 

Stevens Inetitnte of Technol- 
ogyV Or ad o a t c Schocrt has opened 
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a laboratory for its recently estab¬ 
lished Department of Fluid Dy¬ 
namics. The laboratory is equipped 
for research in the mechanics of 
fluid flow by visualization processes 
such as shadowgraphy, striation 
photography, and interferometry. A 
two-dimensional wind tunnel, de¬ 
signed by Bela K. Erdoss, chairman 
of the new department, is being built 
in the laboratory. 

Meetings and Elections 

The American Geological Insti¬ 
tute held its second annual meeting 
November 13 in El Paso, Texas. The 
meeting was devoted primarily to a 
consideration of the long range pro¬ 
gram of the institute, the election of 
officers for 1950, and discussion of 
several projects which should bo com¬ 
pleted within the next few months. 

Officers elected by the board of 
directors for the coming year are: 
president, William B. Heroy, Beers 
mid Heroy, Dallas; vice president, 
Karl Ingerson, U. 8. Geological Sur¬ 
vey, Washington, D. C.; secretary- 
treasurer, Ernest Cloos, The Johns 
Hopkins University, Baltimore. 

The institute is composed of 11 
national scientific and professional 
societies. The constitution provides, 
however, that nonprofessional organi¬ 
zations interested in the geological 
sciences may be admitted as non¬ 
voting affiliates, and the board voted 
to encourage the affiliation of such 
organizations whose programs are 
consistent with the objectives of the 
institute. 

The board also adopted a program 
to assist the progress of geological 
work and research. The program 
will include specific activities con¬ 
cerned with the training of profes¬ 
sional geologists, the role of geologi¬ 
cal material in general education at 
the college level, the integration of 
geological material in school cur¬ 
ricula and in adult education, and an 
investigation of the entire method of 
teaching geological science. Specific 
plans for cooperation with state edu¬ 
cation commissions, state geological 
surveys, find local educational insti¬ 
tutions are being studied. 

The scope and nature of the pres- 
eat program of geological field edu¬ 
cation: offered during the summer 
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months are also under study, A re¬ 
port describing all summer geology 
field courses to be offered in 1950 and 
summarizing the 1949 program will 
be issued soon. The institute also 
plans to compile specific information 
concerning the utilization of earth 
science in the high school curricula 
throughout the U. S. 

The report of the Committee on 
Geological Personnel showed that 
the wartime deficit of geologists 
1 rained to the bachelor level has been 
overcome. As a result, the institute 
will initiate early next year an an¬ 
nual supply and demand study of 
geological personnel, combined with 
a study of both the training and the 
personal qualities which have led to 
success in various types of geologi¬ 
cal endeavor, and an investigation of 
present functional distribution of 
geologists in the U, S. 

The compilation of a catalogue of 
geological field trip guidebooks, with 
index maps showing arena covered by 
each, is also planned. A number 
have been prepared by agencies in¬ 
cluding the U. 8. Geological Survey, 
the International Geological Con¬ 
gresses, and local societies. Many 
state geological societies have issued 
valuable guidebooks in connection 
with their annual field tours. For 
example, the field trips sponsored by 
tho E] Paso meeting of the Geologi¬ 
cal Society of America were covered 
by a series of excellent guidebooks 
prepared by the West Texas Geologi 
cal Society, but much of the original 
information, which is highly scien¬ 
tific, has never been published. The 
proposed compilation should be of 
use to professional geologists, stu¬ 
dents, and amateurs studying these 
legions. 

Another study will deal with the 
exchange availability of geological 
material useful in teaching or for 
display. In the past, exchanges 
have largely been arranged by indi¬ 
vidual geologists. The proposed 
catalogue will make this information 
available to geology departments and 
others Who wish to build up their 
teaching and display materials, 

An analysis of unpublished re¬ 
search in geological science will also 
be undertaken, primarily in the 
North American continent. It is 


planned to compile this information 
annually or biannually for the as¬ 
sistance of research workers in the 
geological sciences. An investiga¬ 
tion of the current status of geologi¬ 
cal mapping in the U. S. will also 
be made as a basis for recommenda¬ 
tions for future action in this area 
of geological work. . 

The board of directors also ap¬ 
proved a public information pro¬ 
gram through the use of local speak¬ 
ers and nontechnical pamphlets and 
guides to inform the public about 
geological features of state and na¬ 
tional parks and areas of scenic in¬ 
terest. This would include a speak¬ 
ers* bureau to supply speakers on 
nontechnical geological subjects to 
interested organizations. The pro 
gram will be integrated at the state 
and local level. 

Tho board endorsed a program of 
specific cooperation with the Na¬ 
tional Defense Establishment con¬ 
cerning the use of geological tech¬ 
niques and geologists in national de¬ 
fense, and proposed a careful analy¬ 
sis of the means whereby the institute 
may be of service to federal and state 
agencies participating in or sponsor¬ 
ing geological programs. Recom¬ 
mendations of the Committee on 
Publications to study the possibility 
of publishing a monthly journal of 
geological abstracts were also ap¬ 
proved. 

The board emphasized that tho 
function of the institute is to servo 
the geological profession, and thereby 
the individual geologist. The suc¬ 
cess of the program will depend on 
the participation of individuals and 
those interested in any phase of the 
program are urged to write to in¬ 
stitute headquarters. 

David Delo, Secretary 

Two state academies of science will 
hold meetings this week: Tho Ten¬ 
nessee Academy of Science at 
Southwestern University, Memphis, 
Tennessee, December 2-3, and the 
Oklahoma Academy of Science, at 
Phillips University, Enid, Oklahoma 
on December 2. 

The American Institute of Min¬ 
ing and Metallurgical Engineers 

elected the following officers at the 
meeting of the board of directors, 
November Iff: president* Donald ft. 


McLaughlin, head of the Homes take 
Mining Company, Ban Francisco; 
vice presidents, Andrew Fletcher, 
president of the St. Joseph Lead 
Company, and Robert W. Thomas, 
general manager of the Nevada Con¬ 
solidated Copper Corporation. 

Deaths 

Clarence Olds Sappington, 60, 

authority on industrial medicine and 
hygiene, died of a heart ailment 
November 6 at his home in Chicago. 
Dr. Sappington was editor of In¬ 
dustrial Medicine and Surgery , and 
director of the Division of Industrial 
Health of the National Safety Coun¬ 
cil from 1928 to 1932. 

Harry T. Gisborne, 56, chief of 
the Division of Forest Fire Research 
at the Northern Rocky Mountain 
Forest and Rnngo Experiment Sta¬ 
tion, died of a heart attack Novem¬ 
ber 9. Mr. Gisborne was internation¬ 
ally known for his method of calcu¬ 
lating fire hazards in forests through 
measurement of humidity, fuel mois 
Lire, precipitation, and wind velocity. 
Shortly before his death he worked 
with General Electric engineers on 
experiments to control lighting. 

George B. Sartor is, 53, principal 
agronomist, Division of Sugar Plant 
Investigations of the Bureau of 
Plant Industry, Soils, and Agricul¬ 
tural Engineering, U. 8. Department 
of Agriculture, died of a heart at¬ 
tack at his home in University Park, 
Maryland, November 19. Dr. Bar¬ 
tons had been a member of the de¬ 
partment since 1923; he had been 
engaged in breeding research on 
sugar cane since 1934. At the time 
of his death he was in charge of the 
sugar cane and sugar sorghum proj¬ 
ects of the bureau. 

Daniel B. Peer, 25, assistant pro¬ 
fessor of physics in the College of 
Engineering, New York University, 
diod of a heart attack on November 
8. Dr. Feer specialized in the quan¬ 
tum theory of fields and In elementary 
particle physios. During the war ho 
was a special research associate in the 
Electroacoustic and Systems Re¬ 
search Laboratories of Harvard Uni¬ 
versity. Be spent the year 1948-49 
in the School of Mathematics of the 





Institute for Advanced Study at 

Princeton. 


Representatives of the U. S. 
Atomic Energy Commission and 
the Government of the United 
Kingdom recently conferred with the 
South African Atomic Energy Board 
on problems relating to the produc¬ 
tion of uranium in the Union of 
South Africa. The discussions, held 
in Johannesburg, were a continuation 
of previous conferences of the three 
governments. Representatives of the 
TJ. S. were J. K. Gustafson, manager 
of the ABC Raw Materials Opera¬ 
tions Office; Tborold Field and 
Robert Macdonald, technical advisers 
to Dr. Gustafson; and A. A. Wells, 
special assistant to the ABC General 
Counsel. 

The Council of the Organiza¬ 
tion for European Economic Co¬ 
operation, composed of representa¬ 
tives of all countries receiving 
Marshall Plan aid, has agreed that 
each of the 18 governments will 
make available to all the others docu¬ 
ments dealing with scientific, tech¬ 
nological, and economic matters of 
importance to industrial production. 
The exchange is expected to begin 
early next year and will provide for 
translation and reproduction of docn 
meats, subject to agreement of the 
country supplying them. The council 
also urgently recommended compila¬ 
tion of national surveys of docu¬ 
mentary sources and technical infor¬ 
mation services, as well as listings 
of leading experts and research units 
in various technical fields. 

Laboratory training course* in 
communicable diseases will begin 
January 1 at the Communicable Dis¬ 
ease Center, Atlanta, Georgia. 
Twenty-five courses of one to four 
weeks' duration will be offered dur¬ 
ing the year. Information and ap¬ 
plications should be requested from 
the Chief, Laboratory Division, Com¬ 
municable Disease Center, 291 Peach¬ 
tree Street, N.E., Atlanta, Georgia. 

The Oak Ridge Institute of Nu¬ 
clear Studies announces that some 
vacancies grill remain for the winter 
series of three radioisotope tech¬ 
niques courses offered by its Spe- 
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cial Training Division (see Science, 
October 7, p. 386). Interested per¬ 
sons are urged to apply for one of 
the winter courses, in view of the 
heavy load of applications for par¬ 
ticipation in tlie summer courses. 
Starting dates are January 2, Janu¬ 
ary 30, and March 6. R^guosts for 
application and information should 
be addressed to Dr. Ralph T. Over¬ 
man, Chairman, Special Training Di¬ 
vision, Oak Ridge Institute of Nu¬ 
clear Studies, P. 0. Box 117, Oak 
Ridge, Tennessee. 

The Kresge-Hooker Scientific 
Library is seeking to fill the vacancy 
created by the death of Neil E. 
Gordon, Wayne University chemistry 
professor. Qualifications include 
ability to edit the Record of Chemi¬ 
cal Progress, direct off-campus trans¬ 
lational services of the library, di¬ 
rect other library activities among 
chemists in industrial and academic 
fields, and do part-time teaching in 
the chemistry department. The rank 
of professor is available for the posi¬ 
tion. Applications should be ad¬ 
dressed to The Friends of the 
Kresge-Hooker Scientific Library, 
Wayne University, Detroit 1, Michi¬ 
gan. 

Recently Received— 

Agricultural Climatology ot Japan 
and Its Agro-Climatic Analogyaa 
in North America. M. Y. Nutton- 
Hon. International Agro-Clima- 
tological Series, Study No. 8, 
1949, On request from Ameri¬ 
can Institute of Crop Ecology, P. 
O. Box 1022, Washington, D. C. 
Lite at Letchworth Village. 40th 
annual report, Board of Visitors, 
March 81, 1948. Department of 
Mental Hygiene, Albany, New 
York. 

Proceedings ot the Hawaiian Acad - 
emy of Science. 24th annual 
meeting, 1948-49. University of 
Hawaii, Honolulu^ T. H, 
Department ot Scientific and In¬ 
dustrial Research Report , 1947- 
48, with review of 1938-48. His 
Majesty's Stationery Office, Lon¬ 
don, 2 8. 

Bmuech A Lomb Optical Gloss. Cat¬ 
alog E*30. Baqsch A LomK Opti- 
cal Company, Rochester 2, New 
York. 
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The Electron Microscope and Its 
Application to Materials Prob¬ 
lems, PB 97957. Office of Tech¬ 
nical Services, U. 8. Department 
of Commerce, Washington 25, D. 
C. $1.26. 

Stress Analysis . Armour Research 
Foundation, Illinois Institute of 
Technology, Technology Cente r, 
Chicago 16. * 

Report on the Principles of Rheo¬ 
logical Nomenclature . H. M. 
Burghers and G. fW. Scott Blair. 
Joint Committee on Rheology of 
the International Council of Sci¬ 
entific Unions. North-Holland 
Publishing Company, Amsterdam. 

Guide for the Identification and 
Reporting of Stranded Whales, 
Dolphins, Porpoises, and Turtles 
on the Britis/k Coasts. F. C. 
Fraser and H. W. Parker. Brit¬ 
ish Museum, London. 2 8. 

Exploradores Famosoa da la Na- 
turalesa Venesolana. Eduardo 
Rohl. Third Inter-American Ag¬ 
ricultural Conference. El Com- 
pfis, Caracas, Venezuela. 

Catalog of Periodical Publications 
in the Libraries of Mexico City. 
Section of Medicine and Biologi¬ 
cal Sciences. Benjamin Franklin 
Library, Mexico, D. F. 

Guide to the Medicinal and Poison - 
oua Plants of Queensland. L. J. 
Webb. Council for Scientific and 
Industrial Research, Bull. 232, 
Melbourne, Australia. 

Make Plans for— 

American Academy of Optom¬ 
etry, annual meeting, December 10- 
13, Cleveland, Ohio. 

Entomological Society of Amer¬ 
ica, 44th annual meeting, Tampa, 
Florida. 

American Psychoanalytic Asso¬ 
ciation midwinter scientific meeting, 
December 17-18, Hotel Statler, New 
York City. 

American Chemical Society, 10th 
annual chemical engineering sym- 
fwslum, December 29-30, Ohio State 
University, Columbus, 

American Meteorological So* 
defy, 104th national meeting, Janu¬ 
ary 4-0, Hotel Jefferson, Si Louis, 
Missouri. ■ . 


^ V«l*110 SCIENCE S99 

T^e Good Name of Science: 

A Discussion of Science 

Courses for General Education in College 


Eric M. Rogers 

Princeton University, Princeton, New Jersey 

H OW CAN WE SAFEGUARD the good 
name of science among educated people? 
How can science courses in college and 
school give the general public a real under¬ 
standing of science? The need is serious. This is a 
scientific age, in which the results of science affect 
everyday living, the thinking of scientists affects intel¬ 
lectual patterns, and scientists hold controlling knowl¬ 
edge and skill in industry, in warfare, and in matters 
that affect the whole policy of commerce and govern¬ 
ment, Lack of understanding betwoen scientists and 
administrators brings difficulties and dangers. Ad¬ 
ministrators in businesses and in governments, even 
heads of governments themselves, all have to meet 
with scientists and formulate policies and make de¬ 
cisions which depend on scientific judgments; yet 
they find themselves ill prepared to understand the 
scientists’ point of view or to assess their statements. 

Just as serious is the problem of the general public, 
of the thinking man who wants to understand science, 
who needs to understand it if he is to play his part 
happily and wisely in our present civilization. Edu¬ 
cated people emerge from school and college with 
little sympathy for science. Some boast shamelessly, 
later on, “I had a science course but I never made 
much of it.” Science is considered abstruse and diffi¬ 
cult or else a little crazy. Scientists are regarded as 
wizards with mysterious knowledge which they hand 
out either reluctantly or overfluently. Even high 
school science teaching supports this view by dazzling 
students with wonderful revelations and then discour¬ 
aging them with powerful terminology. 

Admittedly, this is too sweeping a condemnation. 
Yet how many of us believe that standard college 
courses (such as freshman physics), make the best 
contribution to a noaecientist’s education? How many 
think that such courses alone give the best training 
to those who teach high school science to a new gen¬ 
eration? At best such courses are interesting at the 
time; but their material is easily forgotten or mud¬ 
dled and they give littte lagfciug benefit At worst 
they produeebewildcment and dislike, Such results 
■ eariier gfiiKWtiott ; now they are dan¬ 


gerous. The general student needs and deserves sci¬ 
ence courses that are an end in themselves, courses 
that give him an understanding of science. 

In recent years, there has been growing concern 
for general education courses in college to provide a 
civilized intellectual background in an undergraduate’s 
education. In the field of science now courses are 
being planned and some have started—including a 
few started long ago by far-seeing colleges. Scientists 
emerged from the war more concerned than ever over 
the barriers between them and laymen. The old claim 
that every educated man should know some science 
seems less important than the new one that every edu¬ 
cated man should understand science well enough to 
work with scientists, perhaps to take something of 
science into his own life. 

Now with general education courses being planned 
and tried, serious questions are being asked about 
them, not just by science teachers or college presidents 
or professional educators, but by all who have the 
good name of science at heart. Each reader of this 
paper should pause and ask himself: What do I want 
my children or my neighbors’ children to gain from 
their science courses? What do I want both the fu¬ 
ture governors and the common man of the next gen¬ 
eration to learn of or about science ? Facts and laws ? 
Or a friendly feeling towards science and scientists, 
and a delight in reading scientific books? Most of 
us, reflecting on sueh questions, find ourselves asking 
for teaching that will give genuine understanding as 
well as factual knowledge, perhaps at the expense of 
some factual knowledge—the making of new science 
courses for general education comes with an urgency 
that justifies drastic measures. 

Since a number of new science courses have been 
started, those responsible for them are anxious to dis¬ 
cuss aims, methods, and progress with others working 
on similar courses. The present article reports in¬ 
formally on two such conferences, one at the Prince¬ 
ton Inn in 104? and one at the Lament Library at 
Harvard in 1940. Both were initiated by President 
Conant of Harvard, Dean French of Colgate, and 
Dean Taylor of Princeton. The conferences them- 



SCIENCE 


m 


December 9,1949, VoL 110 


selves 'were small, informal gatherings—more or less 
accidental assemblages of people with strong interests 
in the new science courses. 1 They were limited to 
small numbers by considerations of cost and by the 
need for a small discussion group. This article re¬ 
lates mainly to the first conference, discussing the 
need for new science courses in college, their aims, 
and their construction. 3 The second conference con¬ 
tinued the general discussions and held sessions con¬ 
cerned with the role of the historian of science, tire 
relationship between the new courses and studies in 
social sciences, and the training of teachers. In our 
discussions it appeared that many standard courses 
in biological science are already reasonably humane, 
already trying to achieve the new aims. The physical 
scientists had guiltier consciences. So this article ap¬ 
plies more particularly to the physical sciences. 

Orthodox Courses and New Courses 

In many colleges, the only science courses available 
for nonscientists are orthodox courses in single sci¬ 
ences, originally designed to provide a sound founda¬ 
tion for further courses in the same science. Non¬ 
scientists take these courses, under university rules 
enforcing broad general programs or through their 
own interests and choice. The emphasis in these 
courses is mainly on content rather than on ideas or 
scientific method, and there is not enough time to 
give thorough understanding. Their use for general 
education has been defended on the grounds that a 
thorough learning of facts and principles does give 
an understanding of science; that the discipline of 
hard study is good in itself; and that routine work 
in classroom and laboratory gives training in scien¬ 
tific method which will spread to other studies and 
other activities in the student’s life, making him more 
scientific. 

When we judge such courses by their practice we 
find them crowded with material, particularly in the 

1 The conferences were peculiar iu the one-aldcdness of 
their personnel. Practically everyoue there was already in 
favor of the new courses. It wns like a bench of bishops 
meeting to discuss some general issue—perhaps it would be 
fairer to say a meeting of ministers of many faiths gathered 
to consider some common project. With this select clientele 
there whs plenty of discussion but little straining of argu¬ 
ment across major differences of Ideals. The speed with 
which we could clarify our ideas and discuss methods was 
amazing. As a form of conference to help progress, this 
kind of gathering deserves strong recommendation ; and I 
hope that conferences constructed similarly will be sponsored 
In many parts of the educational held. Professional socle- 
tie* and universities might find this difficult—the limited in¬ 
vitation would seem undemocratic—hut here is a magnificent 
chance for foundations, which can Issue a limited number of 
invitations to people who wilt come ready for profitable 
discussion, 

* Accounts of some of the courses discussed have been pub¬ 
lished in goience in general education, edited by Bari J. 
McGrath (Whl C. Brown amd Company, Dubuque, Iowa, 1948). 


physical sciences; and when we judge them by their* 
results we find they do not turn out many general 
students with a sympathetic understanding of science. 
So we turn to planning new courses with two special 
characteristics: (1) they arc ends in themselves, in¬ 
tended for students who will study no more science, 
except in their own reading in later life; (2) they 
aim a0 producing sympathetic nonseientists who under¬ 
stand something of the nature of science, who feel they 
know what scientific work is like and what scientists 
are like, who have seen experiment and theory and 
critical argument used in building; a structure of 
knowledge. 

Than seer of Training 

Our psychologist colleagues, however, give educators 
a serious warning about hopes that training given to 
a student in a science course will spread to other 
activities—hopes that one intellectual activity can 
sharpen the mind, or improve its ability for some 
other activity. Just such hopes have been ustnl to 
defend the discipline of an orthodox course. And 
just such hopes lure all of us into planning to do 
great things with new courses, such as make people 
more scientific, Before we condemn orthodox courses 
or plan new ones, we need an answer to this key 
question: Will students transfer training, in some 
skill or habit or the use of some idea, from a science 
course to other studies or to life in generalf If the 
answer is no, our now schemes offer little promise as 
part of general education. If the answer is yes our 
hopes should be grand. 

In the past, educators placed great value on courses 
in classics, history, mathematics—in fact, on most of 
higher education—because they took it for granted 
that training in one field would transfer to many other 
fields and be retained as part of the student’s gen¬ 
eral culture. Classics, it was claimed, trained students’ 
minds and made them develop into scholars. In this 
respect, educators seem to have risked some confusion 
between post hoc and propter hoc —we might suspect 
the classical scholars bad the intellect to succeed any¬ 
way. Since early this century there have been doubts 
about the hoped-for transfer. At first, experimental 
investigations said no to our key question; then later 
studies showed that transfer can occur to some extent. 
It certainly does not take place as easily as educators 
and the general public hoped. As one example, con¬ 
sider scientists themselves: are they better for their 
studies, tidy and systematic in their general life, crit¬ 
ical and unbiased in their general thinking? 

If transfer does not occur at all, higher education 
seems almost worthless, except for specialised profes¬ 
sional training. Fortunately there is some transfer- 
language teaching can improve intellectual skills. 
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mathematics can give a sense of form or provide train¬ 
ing in careful argument, and so on—but only under 
certain favorable circumstances . These favorable cir¬ 
cumstances 8 seem to be: 

I. The more there is in common between the field 
of training and the field to which we wish it to trans¬ 
fer, the greater the likelihood of transfer. There need 
to be common elements, which may be elements of 
material or method or ideals. For example, if we 
train a student to weigh accurately in a physics lab¬ 
oratory, it is almost certain that this training will 
transfer to another physics laboratory and he will 
weigh the more accurately there; it is moderately cer¬ 
tain that he will carry his good training to a chem¬ 
istry laboratory; much less likely that he will carry 
it to any weighing he does in his own kitchen or in 
his business; and it is very unlikely that the training 
in accuracy will reappear as a habit of lading accurate 
in other activities. Another example: training in ar¬ 
gument learned in geometry is likely to be transferred 
to later geometrical studies, not very likely to be trans¬ 
ferred to work in physics, unlikely to help the stu¬ 
dent to think critically about arguments in newspaper 
advertisements, and very unlikely to make him a better 
economist. (We can modify the gloomy doubts ex¬ 
pressed in these examples by attending to conditions 
II and III.) 

II. Consciously seeking transfer may help transfer. 
Wo should encourage the student to review his gains 
in the field of study; then we should point out their 
applicability to other fields. We should even urge 
him to look for chances of transfer and remind him 
that unless he transfers some of his gains to his gen¬ 
eral life, our course will be of little lasting value. 
(We ask the student an intellectual version of the 
question that is put to a child: “Now Johnny, if I 
give you a tennis racket, will you use it?”) 

III. An almost essential lubricant for transfer is 
emotional attachment—the extent to which the student 
associates feelings of enjoyment, interest, and inspira¬ 
tion with his studies. The more he enjoys his science 
and is inspired by its skills and methods, the more 

•A useful 8-pagc report on this matter was published tn 
1930*31 by the British Association for the Advancement of 
Science. In that *'Ileport on Formal Train In*" Prof. Cyril 
Burt wrote: 

A common element Is more likely to be usable If the learner 
becomes clearly conscious of Its nature and of its general 
applicability; active or deliberate transfer Is far more 
elective and frequent than passive, automatic or uninten¬ 
tional transfer. This seems especially true when the com¬ 
mon element is au element of method rather than of material, 
an Ideal rather than a piece of information. 


he likes discussing its philosophy, Hie more likely he 
is to retain and transfer it. Thus, to return to our 
examples, a student who develops a delight in accurate 
weighing, making accuracy almost a minor ideal, may 
well carry the techniques and attitude of seeking 
accuracy far and wide in his activities, particularly 
if he has been made aware of the possibility and value 
of this wide transfer. The student who develops skill 
in geometrical argument and feels inspired by the 
method may well become the clearer lawyer or cleverer 
economist by the transfer of some of that training. 

IV. It has been suggested that ease and amount of 
transfer increase with increasing general intelligence. 
This seems reasonable in the light of the other re¬ 
quirements. If this is true, the brightest students 
should profit most from courses in general education. 

We now return with gravely increased doubts to the 
orthodox science course, in whieh the student is car¬ 
ried through topic after topie, learning things for ex¬ 
amination purposes, without much time to consider 
or dismiss or even to think about the nature of science. 
He docs not develop an ideal of being scientific. The 
discipline of a physics course crammed with facts and 
principles, derivations and problems, may teach him 
physics but it offers poor hopes of transfer. Bo those 
of us who want to give students an appreciation of 
science, as well as some,knowledge of it, seek courses 
in which we cover less material and have more time 
for other uses in the course. If students are to learn 
about scientific method they will need more time to 
study the harder parts of the content carefully so that 
they understand what they learn—a headache over 
difficult material treated too fast would be a poor 
basis for transfer. There must be time for student 
discussion, for careful reading and clear teaching, for 
historical analysis, for arguments and for expositions 
of the nature of science; above all time for students 
to turn around often and look back on the way they 
have traveled, trying to understand what it is ail 
about instead of merely knowing facts or rules soon 
to be forgotten, 

Thk New Couuses 

Realistic Aims . Turning the comments on transfer 
towards our aims for new courses, we again meet 
doubts. We doubt if we can cultivate general abilities 
or “train the mind.” We doubt if we can give a com¬ 
plete conspectus of the basic principles of the phys¬ 
ical and biological world, their implications for human 
welfare, and their influence on the development of 
thought and institutions! except a short-lived one that 
fades after the examination. We doubt if we can 


Ana Prof. F. A. Chvenagh wrote: 

appear* that this transfer exists, and that it can 
ewt both ’way*. If education constat* in 41 what remain* 
forgotten nil we learnt” It may he no move 
than a dhtllke ana contempt for any serious mental 
roe ,r 


* _____„ _t 1 oub mental pursuit, 

On, the other hand. It may mean 
activity of mindand the capacity for finding Interest In any 
—* V constantly Increasing the circle of one’s 


* 64 * 


train critical thinkers—at best we can encourage 
critical thinking and hope for some transfer, if we 
plan for it. We are even doubtful about training 
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students* in scientific method with serious hopes of 
transfer; this seems to be asking too much. How¬ 
ever, by leading them through a variety of scientific 
methods wc may give them an appreciation of science 
which will transfer. Aims such as making students 
understand what science is like, and What scientists 
arc like, 4 are more realizable, we believe, and many 
of us would be well satisfied with moderate success in 
these alone. Thinking of transfer from classroom to 
later life, we are tempted to transpose the word like 
ip these aims and say, “to make students like science, 
and like scientists/’ If they do not enjoy their ac¬ 
quaintance, it is likely to be a brief one. 

Content. The new courses should mediate between 
the layman and the scientist, between a classical cul¬ 
ture and a scientific civilization. They cannot do this 
just by pouring in scientific information or formal 
training. They must try to give a sympathetic under¬ 
standing of science and the way scientific work is done. 
To make this understanding a lasting part of people’s 
culture is a huge task. In a one-year course we can 
give only glimpses of it; and to do so will mean omit¬ 
ting at least half the orthodox course content. 

We need have no fear that the new courses will lose 
all content and become easy talks about science. To 
achieve our aims we must deal with solid scientific 
material. Though we remove half the topics of an 
orthodox course, students may learn more rather than 
less in studying the rest more carefully, and may 
remember more material some time after the course. 
We can choose the material we keep and tic it together 
in such A way that they really have a chance to learn 
what science is like—and to like it. With an under¬ 
standing of the nature of science they should be able 
to look up facts in books and they are likely to re¬ 
tain a lifelong interest in scientific reading. 

The Block-ano-Gap Scheme 

In the conferences, we found a common element in 
all our schemes for new courses: the reduction of con¬ 
tent to a smaller number of topics which are to be 
treated carefully as samples of scientific work. 

To make discussion of schemes easier, I suggest the 
descriptions and names shown in Fig. 1 for various 
types of science courses* Let us represent the field 
of scientific knowledge by a table ABCDD'C'B'A'-, 
containing a vertical column for each science. (For 
example BCC'B' represents physics. I shall use 
physics as my example but another science would 
do just as well.) 

The orthodox courses, labeled alpha and beta, pro¬ 
ceed straight down a column, covering subject matter 
as thoroughly as time and the students’ preparation 

4 In thttr vfttk nod fo Its effect on oth«r people, not In 
. tbrir perwwiil 
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Flo. 1 . Subject matter In science courses. 

permit, usually trying to lay a foundation for later 
courses. Some colleges offer several such courses for 
students with different preparation or interests. Of 
these, beta is a standard freshman course. All the 
important topics are treated in turn, often with little 
time to show their consequences or their interrelations. 
History may be mentioned but it is not discussed and 
certainly not brought to life. Beta is well packed with 
content. (In physics courses of this kind, problem¬ 
solving involves many arithmetical substitutions but 
contains some algebraic argument and derivations.) 

Alpha is a “thin” or easy course which begins at 
the beginning and mentions topics thoroughly but 
avoids the hard parts of the treatment. (In physics, 
such courses are often recommended for students who 
have not studied physics before, and they are sought 
by many premedical students. They seem hard 
enough to their customers, but to their instructors they 
often seem too easy and too dull. In tests, easy nu¬ 
merical problems are more common than derivations 
involving argument. The student’s real understanding 
is not inquired into.) 

To meet the needs of general education, some have 
suggested and tried a survey oourse running all over 
the field of severalsciences, mentioning as many topics 
as it can. Some people believe this kind of course 
gives the student valuable acquaintance with the ad- 
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enoefl. Most of us condemn it as giving a useless smat¬ 
tering of facts with ilo time for discussion or xml 
understanding. We can draw a tenuous line connect¬ 
ing the topics, but such continuity has little educa¬ 
tional value. I have labeled this the “smorgasbord 
course/ 1 (The title “survey course” is easily misun¬ 
derstood.) It is doubtful if this wild rush through 
many topics meets the needs of general education. 
Besides being too superficial, it makes science seem a 
glamorous wonderland of facts and names, announced 
by the wizard-scientist—a damaging piece of negative 
teaching. 

Putting into a diagram our prescription of less sub¬ 
ject matter treated more carefully, I have sketched a 
scheme which 1 call a hloek-and-gap course. The 
blocks represent the chosen topics. They are taught 
thoroughly (so that the blocks are dense) and their 
background is explored (so that the blocks are exten¬ 
sive). Connecting the blocks are discussion lines 
along which flows the lifeblood of the course: histori¬ 
cal studies, arguments about experiment and theory, 
ideas and information carried from one block to an¬ 
other, and thence, enriched, to still another or back to 
the first one—showing the organic structure of science. 
The gaps are essential; they reduce the content of the 
course so that there is time for discussion, time to see 
interrelationships, time for ideas to sink in, and time 
for the student to look back and reconsider. 

Blocks may be chosen from a single science or from 
several sciences. In working practice, these two kinds 
of block-and-gap course do not differ greatly. There 
are those who insist that the methods of the different 
sciences differ so greatly that we should take samples 
from all sciences. But in a one-year course we might 
lose more by such diversity than we gained. 

The block-and-guj) scheme is a mere artifice to ex¬ 
press general policy. It does not say what blocks 
should be chosen, nor does it show how they should 
be treated. Each group of teachers should choose 
its own set of blocks—the conscious effort involved 
contributes to the health of the course. Those starting 
a course would be unwise to copy someone eke’s 
choice; Very unwise to choose too many blocks and 
thus return to a beta course; 

Teeatmknt of Blocks 

At the conferences we seemed agreed on the restric¬ 
tion of content to a few blocks, on the insistence that 
the blocks be treated thoroughly—more thoroughly 
than 'in' a bet* - coirrse—and on the importance of dis¬ 
cussions, relating the blocks and commenting on them. 
But over the great question of how the blocks should 
be treated there was no general agreement. Probably, 
if we keep our attention fixed on our newly empha¬ 
sized aims, we may use any treatment that fits the in¬ 


terests of staff and students. The history of the 
growth of a piece of science makes the science itself 
seem clearer. So we expect historical treatment to be 
useful. To some students, scientific work remains un¬ 
real unless they try it themselves; so we find labora¬ 
tory work advocated—without the deadening effect of 
cookbook instructions. Ordinary teaching methods, 
such as expounding material and arguments in lec¬ 
tures, can be directed towards our new aims; so we 
meet pleas for saving time and money by lectures. 
Here is a list of some of the methods being tried: 

Case histories. This is the method suggested by 
President Conant in his book On understanding sci¬ 
ence . In the hands of well-informed, enthusiastic 
teachers, this makes a marvelous course for certain 
kinds of students. Cases from many sciences can be 
selected, giving a much fairer account of scientific 
work and thinking than selections from a single sci¬ 
ence. Many of us believe that students emerge from 
such a course with a real appreciation and understand¬ 
ing of science. This course uses original writings and 
accounts of research by great scientists, very fully 
edited for students and accompanied by notes and 
reading from ordinary texts. Help is needed from 
professional historians of science, for editing material 
and for arranging the course, and it is to be hoped 
that colleges will establish faculty posts in the his¬ 
tory of science for this purpose. 

Study of original documents. This is a more ex¬ 
treme method, which encourages students to read 
original scientific writings very critically* Like the 
method just described, it needs good translations and 
reprints, many of them not yet available. Used alone, 
it is a slow method and probably should be combined 
with other methods, such as laboratory work. 

Courses in the history of science by qualified his¬ 
torians . Excellent in themselves, such courses prob¬ 
ably deserve to be preceded by a course in science and 
are better given in a special department. Conference 
members doubted that such courses wouJdTmeet their 
aims for the general student, but felt they were oIt 
most essential in the preparation of future science 
teachers. 

Orthodox presentation . This method makes use of 
lectures and laboratory work, etc., in the orthodox 
way, but with a new spirit. It is speedy and clear 
but laeka a certain needed flavor of genuineness unless 
combined with some historical treatment. Laboratory 
wodtis, tha*^t*bytnwy^^ it is costly 

and requires instructors who will bepatkmt-andsilcnt * 
and refrain from urging students to “get the right 
answer." The business of the laboratory is to give 
students dose contact with scientific work, to make 
them aware of its difficulties, as well as its delights. 




SCIENCE 


December 9, 1949, Vol. 110 


604 


The same sense of reality may come from careful 
study of cage histories, so in that course laboratory 
may be unnecessary—the laboratories of great scien¬ 
tists are brought into the students’ library. 

Teach lens 

What teachers are needed for such courses? Ideally 
we need a group trained iu several sciences and in 
the history of science and in philosophy, people with 
special interests, perhaps with special teaching skills. 
Actually we find we can do well enough with a group 
of teachers picked from the usual science faculty, 
picked for their sympathetic interest in such courses. 
With the will to make the course succeed, young teach¬ 
ers learn in a few months to run classes and labora¬ 
tories. Frequent staff conferences are needed, but 
then the discussions are far more interesting than 
routine staff meetings of a beta or alpha course. Out 
of the new courses themselves will come teachers for 
the next generation of new courses. For these new 
teachers we can advocate training iu the history of 
science and in philosophy as well as orthodox subject 
matter in several sciences. 

Integrity 

However the blocks and gaps are treated, we need 
all through the course a certain quality of intentness 
and relevancy. We need to be intent on the future of 
the course and on the past. Each block, reasonably 
complete in itself, must fit with other blocks, both use 
them and be useful to them in showing the structure 
of science. We should be intent on showing the 
growth of science from empirical knowledge extracted 


inductively to knowledge built into a structure of the; 
ory tested by experiment* We should make sure that 
reading and laboratory work and examination ques* 
tions are relevant, above all in their attitude. We 
must aim directly at our goals, so that students can 
see and appreciate them. 

Consider the teaching of scientific method as an ex- 
atnfffe. Simply listing “method” in our program does 
not assure success. Routine drill in scientific pro¬ 
cedure will do little good. Preaching at students a 
unique scientific method (devised b^ Francis Bacon) ' 
gives a stultified picture of scientific procedure which 
they may rightly reject as unreal. We should do bet¬ 
ter to have them find that science uses a variety of ap¬ 
paratus and techniques and then see that a problem 
can be investigated from several points of view—thus 
finding, in these senses, many scientific methods. Fi¬ 
nally we may be able to show there is a single under¬ 
lying method; the way in which scientists build up a 
sense of assurance or validity about scientific results as 
they proceed from empirical knowledge towards estab¬ 
lished theory. If we aim intently at these stages of 
understanding we may carry students with us. 

I call this essential quality of intentness and 
relevance integrity, (with a slight flavor of integra¬ 
tion). Each item in the course must be true to itself 
and true to tin* rest of the course and its aims. With¬ 
out integrity, a bloek-and-gap course, run carelessly 
with a patchy mixture of topics, will he a failure— 
a tepid cafeteria meal. With integrity, we believe the 
new courses can do great things and are already suc¬ 
ceeding in some measure, so that their students will 
maintain the good name of science. 
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Preview of the 116th Meeting, AAAS 

New York City, December 26-31,1949 


General Information 

Seventy-nine Association sections, affiliated and asso- 
ciafed societies, and several guest organizations will pre¬ 
sent programs at the Rixth New York Meeting. Although 
in this respect it will be the largest convention in the 
Association's 101-yenr history, it will also he urn* of the 
most convenient. Nearly all the sessions are closely 
grouped in the hotels of New York's * ‘ Pennsylvania 
Zone.” Belated societies have headquarters in the sumo 
hotel, and the integrity of each society’s sessions is 
assured. All of the hotels—the Ktatler, Now Yorker, 
McAlpin, Governor Clinton, and Martinique—are within 
two blocks of the Pennsylvania Station and each other. 

For those societies that prefer meeting in academic 
classrooms or laboratories, sessions are scheduled at 
Columbia University, only 15—20 minutes distant on the 
3BT Broadway-Hevcnth Avenue subway. The Biologists' 
Hmoker is at the American Museum of Natural History, 
a short ride on the Eighth Avenue subway. The ad¬ 
ministrative officers of the AAAS believe that, both the 
advantages of individual meetings and the many ad¬ 
vantages of a large diversified meeting will lm realized. 

Space arrangements for the meeting were made possible 
by the cooperation of the New York Convention and 
Visitors Bureau, the sales inn angers of the hotels men¬ 
tioned, and the administrators of Columbia University 
and the American Museum of Natural History. The 
Manhattan Center (next door to the New Yorker) was 
engaged by the Americun Horiological Society for its 
daytime sessions, but in no other instance was it neces¬ 
sary to pay for meeting rooms. The Association is fur 
ther indebted to the New York Convention and Visitors 
Bureau for the aid of its ex}>erienced housing bureau 
and will use its professionally trained registration per¬ 
sonnel at nominal expense. Commitments for a block of 
11,500 sleeper rooms with accommodations for nearly twice 
that number of people were made by the Penn Zone 
hotels. Confirmation* have Inch made promptly, often 
within a week. Except for the usual heavy demand for 
single rooms, there are plenty of hotel rooms available ; 
if necessary, additional hotel b near the Penn Zone can 
bo utilized* 

At this writing, there has boon no exact count of 
papers to be read, but it exceeds 2,000. The General 
Program of more than 800 pages has already been mailed 
to those who registered in advance—between four and five 
times as many as the advance registrant# at the Chicago 
Meeting of 1947, There is still time to register in advance 
if communications are received in Washington by 0 : 00 
p.m>, Decamber 32; please see the coupon in this issue. 
After that data, please register upon arrival. There will 
be registration facilities ™ each hotel, open daily from 
A ; 40 a.m. to 4 i 00 p 4 n, Tire Main Regiirtration-Inforaa* 
tion Center, on the 18 th floor of the Hotel Statler — where 


the Visible Directory of Registrants, the AAAS New 
Member Service, the AAAS Science Theater, and the 
Annual Science Exposition will also be located—will be 
open each evening until 0: 00 p.m. The Main Registra¬ 
tion-Information Center is the only source for supple¬ 
mentary literature, including 1) a free map and direc¬ 
tory of points of interest in New York City, 2) special 
announcements, 3) descriptions of tours, 4) discounted 
tour tickets to the Empire State Building Observatory, 
Radio City, etc., 5) free radio broadcast tickets, and the 
like. Registrants should call for these at their con¬ 
venience. Each advance registrant should bring his 
General Program (since another cannot be furnished), his 
registration receipt, and his convention badge to the 
Meeting. 

This year, the Association no longer is urging society 
officers to have their session chairmen attempt to make 
registration mandatory, for this is awkward and incon¬ 
venient. Yet it is hoped that each person who attends 
the 116th Meeting, or any session of it, will realize that 
the AAAS registration fee—$2.00 for members, $3.00 for 
nomnembers—intentionally 1ms been kept low to encour¬ 
age attendance, especially by science teachers and stu¬ 
dents, and these fees are absolutely necessary to pay for 
the general expenses of the Meeting. The groat majority 
of the participating societies have voted for the plan 
whereby the AAA8 assists each society with its projection 
costs according to a formula based upon the average 
percentage of registrants at n society's sessions and the 
average percentage of AAA8 membership. (Society A, 
with 90 percent registrants at its sessions, and 90 per¬ 
cent of its membership also members of the Association, 
will have 90 percent of its projection costs paid by the 
AAA8; Society B, with 50 percent registrants at its 
sessions, and 10 per cent of its membership also mem¬ 
bers of the Association, will still have 30 percent of its 
projection costs paid for by the AAAS.) Thus, each 
person who registers helps his own society. Presiding 
officers at sessions have the responsibility of estimating 
the percentage of nonreg intrants, and so each registrant 
should wear his badge. 

The following events are open only to registrants: The 
AAAS Reception, the AAAS Science Theater, the Biolo¬ 
gists' Smoker (by an overwhelming vote of the biological 
societies), and free admission to the Museum of Modern 
Art and the D'Oyly Carte film production of The Mikado, 

Jteeermtiona for hotel rooms may be made until almost 
the last day—-please see the hotel reservation coupon in 
this Issue. Telegrams or telephone calls are advisable 
after December 18. Those who do not make advance 
reservations, and find accommodations exhausted at a par¬ 
ticular hotel, will be given help in Ending a room—either 
by the desk clerk or by the Association's Information 
Center. 
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General Headquarters 

The Hotel Statler (formerly the Hotel Pennsylvania), 
just across Seventh Avenue from Pennsylvania Station, is 
#te official Headquarters of the AAAS; it is where the 
Council of the Association will meet. The Press Rooms 
are located on the South Mezzanine: Press Releases and 
Authors’ Abstracts, Conference Room No. 7; Radio and 
Television arrangements, Local Publicity Committee, Con¬ 
ference Room No. 8. The Main Registration, Informa¬ 
tion Center, Visible Directory of Registrants, New Mem* 
ber Service, the Annual Science Exposition, International 
Photography-in-Scionce Salon, and the Science Theater, 
with its almost continuous showing of the latest scientific 
Aims, are all in the Penn Top of the Hotel Statler. The 
Penn Top is readily reached by express elevators. 

Headquarters qf the Sections of the AAAS and the 
Participating Societies 

Hotel Statler (Seventh Avenue between 32nd and 33rd 
Streets): AAAS Sections B, C, F, M, N, Nid, Np; zoolog¬ 
ical societies, viz., American Society of Parasitologists, 
American Society of Protozoologies, American Society of 
Zoologists, Society of Systematic Zoology; American 
Microscopical Society, American Society of Naturalists; 
Newark College of Engineering; American Dietetic As¬ 
sociation; Beta Beta Beta; National Association of Sci¬ 
ence Writers; National Geographic Society; Scientific Re¬ 
search Society of America; Sigma Delta Epsilon; Society 
of the Sigma XI 

Hotel New Yorker (Eighth Avenue between 34th and 
35th Streets): AAAS Sections E, H, I, L, Q; American 
Geographical Society of New York, Association of Amer¬ 
ican Geographers, Geological Society of Amorica; AAAS 
Cooperative Committee on Teaching of Science and 
Mathematics; the science teaching societies, viz., Amer¬ 
ican Nature Study Society, National Association of Biol¬ 
ogy Teachers, National Council of Teachers of Mathe¬ 
matics, National Science Teachers Association, Federa¬ 
tion of Science Teachers Associations of New York City, 
Society for Research in Child Development; Alpha Kappa 
Delta, American Farm Economic Association, American 
Sociological Society, Rural Sociological Society; Amer¬ 
ican Philosophical Association, Philosophy of Science 
Association. 

Manhattan Center (34th Street, next to Hotel New 
Yorker): Meeting rooms for the morning and afternoon 
sessions of the American Sociological Society. 

Hotel McAlpin (Broadway [Avenue of the Americas] 
between 33rd and 34th Streets): AAAS Sections G, Nd, 
O; the plant science societies, via., American Bryological 
Society, American Fern Society, American Society of 
Plant Physiologists, American Society of Plant Taxono- 
mists,‘Botanical Society of America, Mycoiogieal Society 
of America, Fhyeological Society of America, Torrey 
Botanical dub; New York Section, American Institute 
of Electrical Engineers; American Institute of Biological 
Sciences: ■ 

Hdiet Martinique (Broadway and 82nd Street) t Amer¬ 
ican Phytopathologies! Society, 

Hotel Governor Clinton (Seventh Avenue and 31st 


Street): AAAS Sections A, D, K; American Mathe¬ 
matical Society, Institute of Mathematical Statistics, 
Mathematical Association of Amorica; American Society 
of Human Genetics, American Society of Limnology and 
Oceanography, Biometric Society, Ecological Society of 
America, Genetics Society of America, Society for the 
Study of Evolution; Academy of World Economics; 
Metri^ Association; Alpha Epsilon Delta; Phi Kappa 
Phi; Pi Gamma Mu. 

Registration 

Main Registration and Information . The Main Regis¬ 
tration and Information Center is loebted in the main 
corridor of the 18th floor of the Hotel Statler, which is 
quickly reached by express elevators to the Penn Top 
(marked 10-18). It is open from 8: 30 a.m, to 9: 00 p.m. 
daily from Monday, December 26, till Saturday, Decem¬ 
ber 31, when it closes at noon. Badges and Genoral Pro¬ 
grams may also be obtained at all other registration desks, 
but the Main Registration is the only place where sup¬ 
plementary literature, free maps of the city, broadcast 
tickets, specially discounted tour tickets, etc., are avail¬ 
able to registrants. Advance registrants , who received 
their programs and badges prior to the meeting, and 
those who register in their own headquarters hotels, are 
urged to visit the Main Registration at any convenient 
time to receive these items. 

Supplementary Registration Desks. For the conven¬ 
ience of those attending the 116th Meeting there are sup¬ 
plementary registration desks in all the Peon Zone hotels, 
open 8: 80 a.m. to 6: 00 p.m. daily, Monday, Decem¬ 
ber 26, through Friday, December 30, located as follows: 
Hotel Statler—first mezzanine (opposite front entrance). 
Hotel New Yorker—mezzanine. 

Hotel McAlpin—first mezzanine. 

Hotel Martinique—mezzanine. 

Hotel Governor Clinton—main lobby. 

On the evening of Thursday, December 29, upon the oc¬ 
casion of the Biologists’ Smoker, 9: 00 p.m. till midnight, 
there will be special registration facilities at the Amer¬ 
ican Museum of Natural History—since this event is open 
only to registrants. 

Registration Ree. The registration fee is $2.00 for 
members of the AAAS, for bona fide students, and for a 
wife or husband of a registrant; it is $3.00 for all others. 
Each registrant receives a receipt, a Convention Badge, 
and the General Program—the only publication contain¬ 
ing the programs of all the 16 AAAS sections and the 
63 participating societies. 

Society Meal Function Tickets . In general, tickets to 
* the dinners, luncheons, Or breakfasts of any society are 
obtainable only from representatives of that society and 
during the preceding sessions of the society. Any society, 
however, has the,privilege of the use of an AAAS Supple¬ 
mentary Registration desk to -set** aea ticket booth,' 
provided that that portion is manned by a representative 
of the society. Experience has shown that it is much 
more satisfactory to all concerned for each organised meal 
function to be the responsibility of the society that 
sponsors it 
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Visible Directory of Begistrants. The Visible Direc¬ 
tory is located in the Salle Modeme on the 18th floor of 
the Hotel Statler—quickly reached by express elevators 
to the Perm Top. It will be open at all times except 
from late in the evening till 8: 30 a.m. During the hours 
when the Annual Science Exposition is open, the Salle 
Modeme is entered from the Penn Top because of the 
need for traffic to move in one direction. The registra¬ 
tion cards of all registrants are placed in the Visible 
Directory as soon as possible after registration. The ar¬ 
rangement is alphabetical. The cards of advance regis¬ 
trants are alphabetized to the second or third letter of 
the surname, since they were posted in Washington prior 
to the meeting. All other registration cards are filed 
only by the initial letter of the surname (thus Thorp may 
precede Tate, etc.). Registrants will find the Visible 
Directory invaluable in determining the convention ad¬ 
dresses of friends attending the Meeting. 

Mail, Telegrams, and Messages. Mail and telegrams 
addressed in care of the AAA8 will be held at the AAA8 
Office on the 18th floor of tho Hotel Statler. Every effort 
will be made to notify addressees listed in the Visible 
Directory, but the Association assumes no responsibility 
for the delivery of mail or telegrams. 

Telephone and personal messages will bo filed alpha¬ 
betically in tho AAA8 Office on the 18th floor of the 
Statler. 

Points of Special Interest—Tours, etc. 

The map and directory of New York—available to all 
registrants nnd distributed only from the Main Registra¬ 
tion-Information Center, 18th floor, Hotel Btntler—dis¬ 
plays and lists all principal points of interest on Man¬ 
hattan Island. 

In addition to the map and directory, a limited number 
of copies of “Let's Go and See," a leaflet giving infor- 
mation*about all museums, botanic gardens, etc., in New 
York City, will be available at the Main Registration- 
Information Center. While each of these institutions will 
welcome visitors, those listed below have made special 
arrangements for AAA8 delegates, members of their 
families, and guests. 

Tho Metropolitan Museum of Art (Fifth Avenue at 
82nd Street). On Wednesday, December 28, the entire 
museum will remain open until 6: 30 p.m. especially for 
AAA8 guests. No admission charge. 

Museum of Modem Art (11 West 63rd Street). In 
addition to permanent collection, works of Paul Klee are 
on exhibition. Color film: The Mikado, produced by the 
D'Oyly Carte Company. Hours, 12: 00 noon^7: 00 p.m.; 
films shown at 3: 00 and 6: 30 p.m. 

Museum of the City of New York (Fifth Avenue at 
103rd Street). Hours, Tuesday through Saturday, 10: 00 
ft.m.^5 ; 00 p.m. The exhibit, u A Hospital Bed, *' which 
traces the growth of hospitals in New York City, will be 
Of particular interest to medical scientists. An electron 
microscope will be operated at special times foT A A AS 
delegates. 

American Museum of Natural History (79th Street and 
Centred Bark West) . A cordial invitation is extended to 
attending the AAAS Meeting to visit the American 


Museum of Natural History, not only upon the occasion 
of the Biologists’ Smoker, Thursday evening, December 
29, 9:00 pan. till midnight, but throughout the week. 
Hours: Sundays and Monday, December 20, 1: 00 p.m. to 
5: 00 p.m.; other days, 10: 00 a.m. to 6: ,00 p.m. 

New York Zoological Society. Open house on Decem¬ 
ber 20, 27, 28, and 29. Guided tours leave the Adminis¬ 
tration Building at 2: 00 p.m.-—return at 4: 00 p.m. for 
tea. (See Local Travel Directions for how to get there.) 

The New York Public Library (Fifth Ayenue and 42nd 
Street), A special exhibit, entitled “Science—Old and 
New," includes rare early science manuscripts and 
printed books leading up to recent books and periodicals, 
is located on the main floor near the Science and Tech¬ 
nology Division. 

* The Brooklyn Botanic Garden . Open House in the 
virus and tissue culture laboratories at 2: 00 p.m., Tues¬ 
day, December 27. Conservatories open 10: 00 aan, to 
4; 00 p.m. weekdays, 2:00 p.m, to 4:00 p.m. Sundays. 
(Take Seventh Avenue subway to Eastern Parkway- 
Brooklyn Museum Station.) 

* The Boyce Thompson Institute for Plant Research, 
Inc., Yonkers, New York. Open House on Friday after¬ 
noon, December 30. Tho Institute will provide bus trans¬ 
portation (at cost) which will leave the Hotel McAlpln at 
1: 30 p.m.; and return about 6: 30 p.m. Registration for 
this trip may be made at the Main Registration-Informa¬ 
tion Center, 18th floor, Hotel Statler, until Friday 
morning. 

Industrial Oiuianusations 

International Business Machines Corporation. Guided 
inspection tours of the Selective Sequence Electronic Cal¬ 
culator between 9: 15 a.m. and 5: 15 p.m. each day of 
the Convention. At IBM World Headquarters, 590 Madi¬ 
son Avenue. 

* New York Telephone Company . Bell Telephone Lab¬ 
oratories at 463 West Street, New York. Tuesday, 10: 00 
a.m., December 27; Wednesday, 2: 30 p.m., December 28. 
One and one half-hour tours each day showing: develop¬ 
ments in dial telephone and switch; automatic message 
accounting; other items in the field of communications 
development, Long Lines Department f 32 Avenue of the 
Americas (Sixth Avenue), New York. Inspection tours 
at 10: 00 a.m. and 2: 30 p.m. on December 27, 28, 29, 
ond 30. One and one half-hour tours showing: long dis¬ 
tance operating room; overseas operating room; over¬ 
seas control office; teletypewriter exchange; radio and 
television broadcasting networks room. 

* Itockwood 4* Company (chocolate manufacturers). 
Guided inspection tour of their plant at 88 Washington 
Avenue, Brooklyn, for a group of ten persons at each of 
the following times: 10: 30 a.m. and 2: 30 p r m, on De¬ 
cember 27 end 28. 

* Consolidated Edison Company of New York . One- 
hour tours of the Waterside Station, 708 First Avenue 
(near the site of the new United Nations Headquarters) 
fit 10: 00 a.m. and 2; 00 p.m. on December 28 and 29. 

* These require advance registration of at least one day 
—at the Mala Reffistratioo-lo formation Center, 18th floor, 
Hotel Btntler, 
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Radio and Television 

National Broadcasting Company , Inc. Reduced tickets 
for tour of NBC facilities at RCA Building, Radio City, 
available at Main Registration-Information Center. 

WOR (1440 Broadway, New York City). Free tickets 
for radio and television shows available at the Main 
Registration-Information Center. 

Other radio broadcast tickets will also be available. 

Commercial Tours 

Rockefeller Center Guided Tours, Observation Roof (30 
Rockefeller Plaza). Reduced tickets available at Main 
Registration-Information Center. 

Empire State Building , Observatory (Fifth Avenue and 
34th Street), Reduced tickets available at Main Regis¬ 
tration-Information Center. 

Sight-seeing Trips in Motor Coaches. Consult the In¬ 
formation Center for tours to various parts of the city. 

Tours Arranged by the Federation of Sciknoe 
Teachers Associations of New York City 

A series of tours and visits has been arranged. For 
details consult the Federation ’s booth in the Hotel New 
Yorker. 

Field Trip 

On Friday, December 30, starting at 8; 30 a.tn., there 
will be an all-day Field Trip, perhaps to Jones Beach, to 
study ecology and wintering birds. This trip, sponsored 
by the American Nature Study Society, will be conducted 
by Edwin Way Teale, Roger Tory Peterson, Allan D. 
Orulckshnnk, Richard H, Pough, E. L. Palmer, and 
Richard L. Weaver. 

Those interested should register, preferably well in ad¬ 
vance, at Parlor B, Hotel New Yorker, the headquarters 
room of the Society and point of departure. 

Press Service of the Association 

All persons who will deliver addresses or present papers 
at the New York Meeting are requested to provide the 
Press Service with 100 copies of abstracts of their papers. 
One hundred copies of complete manuscripts are required 
of papers presented by 1) officers of the Association; 
2) officers and invited speakers that appear on the pro¬ 
grams of the participating societies; and 3) any author 
whose paper has a particular news value. In general, most 
authors already have recognized the necessity for this 
and will have sent this material to the Association ’s Press 
Director, Sidney S. Negus, Medical College of Virginia, 
Richmond, Virginia, before December 15. If this has not 
been done, however, please send your abstract and/or 
complete manuscript to Dr. Negus. Starting December 
20, and. throughout the meeting period, abstracts and 
copies of papers should be delivered to Dt. Negus at the 
A A AS PrcssOfJlce, Conference Room No. 7, First Mezza¬ 
nine, Hotel Static?. This press room is equipped -with 
typewriter?, duplicating mathinev bulletin boards, extra 
telephones, standard references, and special files. Dr/ 
Negus invites all who are interested to call. (But please 
do not request information or material that is available 


at the Information Center and Main Registration in the 
Penn Top!) 

In The Scientific Monthly for September, 1949, pp. 
156-160, F. Barrows Colton, president of the National 
Association of Science Writers and a member of the 
editorial staff of the National Geographic Magazine, has 
an entertaining article “Some of my Best Friends are 
Scientists. * * The points of view of the experienced sci¬ 
ence winter and the researcher, who may be unaware of 
the public V legitimate interest in his scientific contribu¬ 
tions, are contrasted. He says: 

It is probably safe to say that science writers under¬ 
stand scientists better than scientists understand science 
writers. But science writers are so important to science 
that scientists need to have some knowledge of their work¬ 
ing methods and problems. 

In the process of writing about science, modern science 
writers not only are covering the news but are rendering 
a real service to science as well. . . . They perform an 
essential and specialized role. . . . [Their] audience, inci¬ 
dentally, includes many scientists who cannot possibly 
keep up with all developments outside their own fields. 

The necessity for the general public to be kept in¬ 
formed of the results of the scientific research which it 
supports, directly or iudirectly, is quite evident. Organ¬ 
ized science and the individual scientist must have the 
understanding and maintenance of all. It is, of course, 
equally important that the advances of science be pub¬ 
licized with clarity and without sensationalism. The 
progress in this direction has been gratifying. It is in 
the interest of accuracy and completeness that science 
writers frequently wish to discuss points with authors. 
If biographical information or photographs are requested, 
each author should recognize in this an obligation to 
science. Between 120 and 150 science writers are cover¬ 
ing this Meeting and all wire services will carry the 
stories they file—to the entire civilized world. At no 
other scientific meeting are the facilities for the dis¬ 
semination of the most recent findings in science so com¬ 
plete as they are at the great, diversified meetings of 
the A A AS. 

This year, not only is the Association fortunate in the 
continued service of Prof. Negus, immediate past presi¬ 
dent of the Virginia Academy of Science, but also in its 
local Publicity Committee, headed by Robert Harron, 
director of public information at Columbia, and Hayden 
Weller, director of press relations, New York University, 
and composed principally of the experienced directors of 
publicity of New York’s institutions of higher learning. 
This committee has worked all fall to publicise the 116th 
Meeting on their own campuses, in magazines, and 
throughout the city. It has been in sole charge of news 
feels, radio, and television. The Radio Press Room in 
Conference Room No. 8, on the first mezzanine of the 
Hotel Statter, will be in operation after December 12. 

AAAS Prize Awards 

The 22nd award of the AAAS $1,000 Prize wUl be made 
at this New York Meeting to the author of a noteworthy 
paper presented on a regular program of the meeting 
and representing an outstanding contribution to science* 
The generous donor of thisAword* which is administered 
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by the Association, has expressed the wish that this prize 
be awarded to one of the younger scientists and that it 
shall not be divided among two or more scientists work¬ 
ing independently or in collaboration. The prize is 
awarded upon the recommendation of a special Prize 
Committeo whose judgment shall be final. No award was 
made in 1648; the winner in 1647 was Harrison 8, Brown. 

The Prize Committee for the New York meeting con¬ 
sists of George 8. Avery, Jr., director, Brooklyn Botanic 
Garden, chairman} Hans T. Clarke, Columbia University, 
New York City; Lincoln V. Domin, The University of 
Chicago, Chicago, Illinois; Kirtley F, Mather, Harvard 
University, Cambridge, Massachusetts; and George B. 
Pogrom, Columbia University, New York City. 

It is virtually impossible to determine the relative 
merits of scientific contributions in wholly different fields, 
and, of course, not an easy task to single out contribu¬ 
tions in any one field of science. The members of each 
year’s Prize Committee must set their own standards for 
the evaluation of scientific work presented at, an annual 
meeting of the Association. The secretaries of the sec¬ 
tions of the A A AS and also of the societies participating 
are invited to assist the Prize Committee by their pre¬ 
liminary suggestions of one or more papers from the 
fields they represent for consideration by the Prize 
Committee. 

It is not necessary that the prize winner be a member 
of the Association. All papers listed in the General 
Program, except presidential and vice presidential ad¬ 
dresses and invited papers, are eligible for the AAA8 
Prize. 

AAAS-George Weatinghouae Science Writing Awards. 
For the past 30 years, a relatively small but increasing 
group of professional journalists have devoted most or all 
of their time to the interpretation of developments in sci¬ 
ence for the lay public. In 2941, the Association recog¬ 
nized the importance of sound reporting of scientific news 
by accepting as an affiliate the National Association of 
Science Writers, organized in 1634 in Washington, I). 0. 
In 3945, in the belief that special recognition and encour¬ 
agement should be given to those writers who have the 
grave responsibility of making science near arid real to the 
layman, the Westinghouse Educational Foundation and 
the American Association for the Advancement of Science 
l>egau the joint sponsorship of the AAAS-George Westing- 
house Soience Writing Awards. In that year a certificate 
was given. In 1946 the plan provided for an annual 
$1,000 prize for newspaper Writing, and, in 1947, it was 
decided to include a similar award for science reporting 
in magazines of general circulation. The Foundation 
provides the funds for the administration of the program, 
and the A A AS administers the awards through a Manag¬ 
ing Committee, appointed by the Association's Executive 
Committee. The Managing Committee for 1649 consists 
of Howard A. Meyerhoff, chairman; Roger Adams, Presi¬ 
dent Elect of the Association; James A. Bauble, public 
relations director, Westinghouse Electric Corporation; 
Frank Carey, science writer, Associated Press; Watson 
Davis, director, Scicnse Service ; Charles N. Fry, publicity 
du^rtment, Westinghouse Electric Corporation; Morris 


Meiator, principal, Bronx High School of Science; and 
Sidney S. Negus, AAAS Press Director, Medical College 
of Virginia. 

The awards will be made on the recommendations of 
the 1949 Judging Committee, the members of which are: 
Henry R. Aldrich, secretary, Geological Society of Amer¬ 
ica; Detlev Rronk, president, The Johns Hopkins Univer¬ 
sity; Kent Cooper, executive director, Associated Press; 
.Tolm R. Punning, Department of Physics, Columbia Uni¬ 
versity; Clifton Fndiman, Book-of-tho-Month Club; Ru¬ 
dolf Flesch, writer; and Edward Weeks, editor, The 
Atlantic Monthly . Dr. Meister is chairman of this com¬ 
mittee. 

Prize winners in 1948 wore Frank Carey, for newspa¬ 
pers, and Florence Moog, for magazines. 

Presentation of the 1949 awards will be made at a 
luncheon in the Keystone Room of the Hotel Btatler, at 
1:00 p.m., on Wednesday, December 28. Dr. Elvin C. 
Stakman, President of the AAA8, will be the guest 
speaker. Admission is by invitation only. 

Annual International Photography-in-Science Salon—-on 
exhibition in the Salle Moderne, 18 th floor of the Hotel 
Statler. Prize winners in the Third International Pho¬ 
tography-in-Science Hnlori, an annual competition for 
scientists and photographers, sponsored by The Scientific 
Monthly and the Smithsonian Institution, were announced 
on September 25, 1949. 

Judges were Merle A. Tuve, Carnegie Institution, for 
the physical sciences; Walter F. Jeffers, Department of 
Botany, University of Maryland, for the biological sci¬ 
ences; A. A. Teeter, Charles Pfizer & Company, New 
York City, for chemistry; Emanuel Kriinsky, Polyclinic 
Hospital, New York City, for the medical sciences; ahd 
Alexander J. Wedderburn, Graphic Arts Division, Smith¬ 
sonian Institution, for photography. 

The 175 prints, which wore on exhibition at the U. 8. 
National Museum, October 3-31, will be on view at the 
1949 A A AH Annual Meeting, Afterwards the show will 
go on a tour of important museums and scientific insti¬ 
tutions in this country and abroad. 

Prize winners in the Black-and-White Division; 

First: L. L. Martori, chief, Electron Physics Section, 
National Bureau of Standards, Washington, D. C.: 
i i Electron-optical shadow method. 9 ' 

Second : Bernard Henry Mollberg, University of Hous¬ 
ton, Houston, Texas: 11 Ventrosinistral view of dried 
chick embryo, plated with aluminum.” 

Third: 8. B. Newman, Emil Borysko, and Max Bwerd- 
low, National Bureau of Standards, Washington, D, C.: 
“Electron micrograph of thin section of cells in onion 
root tip . f f 

Honorable Mention: JoaS Oiticica, Jr., Rio de Janeiro, 
Brazil (Guggenheim Fellow at the U. 8. National Mu¬ 
seum, Washington, D. C.): “Male genitalia, ventral view, 
of Citheronia mogya Behans 1920 (Lopidoptera, Cither- 
oniinae). . 

Clyde T. HolUday, Applied Physics Laboratory, The 
Johns Hopkins University, Silver Spring, Maryland: 
“Cloud formations,” (Photograph made from a V-2 
rocket at White Sands Proving Ground.) 



610 


SCIENCE 


December 9, 1949, Vol. 110 


T. G. Rochow, American Cyanamid Company, Stamford, 
Connecticut: * i Commerical sample, tri-sodium orthophos¬ 
phate (*T8P’).” 

Charles J. Salat, Armour Research Foundation, Chi¬ 
cago, Illinois: “Calibration of a ball bearing by means of 
optical flats.*' 

Clee 0. Worden, Laboratory of C. A. Zapffe, Baltimore, 
Maryland: * 4 Fractograph of piezoelectric single crystal . 1 * 

In the Color Division, the following won awards: 

First: Charles D. Oughton and Eugene C. Bicker, 
Battelle Memorial Institute, Columbus, Ohio: “Xero¬ 
graphic developing process, 1 ’ 

Second: Chester F. Reather, Carnegie Institution, 
Baltimore, Maryland: “Implantation of twelve-day 
human ovum . 1 * 

Third: Thomas 0. Poulter (third-time prize winner) 
and Walter Lawton, Stanford Research Institute, Stan¬ 
ford, California: “High-speed movies of colored meteor¬ 
ological balloons used with Poulter Seismic Method show 
interaction of shock waves in the third dimension.” 

Honorable Mention: D, H. Rowland, Carnegie-Illinois 
Steel Corporation Research Laboratory, Pittsburgh, Penn¬ 
sylvania: “Polished and etched cross section of experi¬ 
mental galvanized coating on low carbon steel*” 

Rowland B. Stradling, U. 8. Cast Iron Pipe and 
Foundry Company, East Burlington, New Jersey: “Pho¬ 
tomicrograph at 200 diameters of titanium nitride in cast 
Iron. * * 

Albert 0. Walker, Bell Telephone Laboratories, Murray 
Hill, New Jersey: “Quartz crystal grown at Bell Tele¬ 
phone Laboratories.” 

Established to encourage and extend the use of photog¬ 
raphy as a basic research tool, the contest will be con¬ 
tinued in 1950. All entrants shall be actively engaged 
in scientific research, and all photographs must be taken 
for scientific purposes. Entries should be sent to th© 
Editor, The Scientific Monthly, 1515 Massachusetts Ave¬ 
nue, N. W., Washington 5, D. C., November 1-27, 1950. 
Prize winners and other accepted entries will be shown 
at the Annual Meeting of the AAA8 In Cleveland, Ohio, 
December 26-31,1950, and at- the U, 8. National Museum, 
Washington, D. C., January 3-31, 1951. 

Dates for showing the 1949 pictures may be arranged 
by writing to the Editor of The Scientific Monthly. 

Theobald Smith Award lit Medical Science#, After a 
lapse of five years, owing to the war, the Theobald Smith 
Award in Medical Sciences, established in 1936 by Eli 
Lilly and Company, will again be given at the Annual 
Meeting of the AAA8. 

The Award Committee this year, appointed by Gordon 
K, Moe, Secretary of Section N, consists of Malcolm II. 
Soule, University of Michigan, chairman, Maurice B, 
Visscber, University of Minnesota; Louis 8. Goodman, 
University of Utah Medical School; and William B. 
Castle, City Hospital, ^oston. 

The award consists of and a bronze medal, 

given for “ demonstrated research in the field of the 
medical sciences, taking into consideration independence 
of thought and originality. “ An additional amount of 


$150 is available toward traveling expenses. The recip¬ 
ient must be less than 35 years of age on January 1 of 
the year in which the award is to be made, and a citizen 
of the United States. 

Past recipients are: Robley D. Evans, Charles F. Code, 
Albert B. Sabin, Herald R. Cox, and Sidney C. Madden. 

AAA^ Business Sessions 

The Executive Committee of the Association will meet 
for luncheon and a business session in the Administrative 
Secretary ’s suite at the Hotel Statler at noon on Tuesday, 
December 27. Dates and hours of subsequent sessions 
of the Executive* Committee during the New York Meet¬ 
ing will be decided at this first meeting. 

Two sessions of tho Council of the Association are 
scheduled at the New York Meeting. The first will be 
held at 4:00 p.m. Tuesday, December 27, in Parlor 2, 
Hotel Statler; the second will take place in the same 
room at 4:30 p.m. Thursday, December 29. 

The Council is the governing body of the Association. 
Although the actual transaction of A A AS business is 
entrusted to the Executive Committee of the Council, the 
Constitution stipulates that “Control of all affairs of 
the Association is vested in the Council, which shall have 
power to review and to amend or rescind its own actions 
and all actions taken by the Executive Committee or 
by other agents to whom powers are delegated by this 
Constitution or shall have been delegated by the Council. 
The Council shall enact such bylaws as it may deem 
desirable, each of which shall remain in force until 
amended or rescinded by action of tho Council,” 

Because of the large number of affiliated societies 
participating in the New York Meeting, a record at¬ 
tendance is expected at both sessions of the Council, 
For this reason several important items of business 
have been placed on the agenda, among them: 

L Election of the President Elect for 3950, 

2. Election of three members of the Executive Com¬ 
mittee of the Council, two to succeed C. F. Kettering 
and Femandus Payne, whose four-year terms end this 
year, and one to complete the unexpired term of Roger 
Adams, whoso election to the Presidency of the Associa¬ 
tion has mad© him an ex offlcio member of the Executive 
Oommittoo, 

3. Method of nomination and election of the President 
Elect and Executive Committee members. 

4. Revision of Bylaws of the Association (report of 
Committee, K, F. Mather, chairman). 

5. Report on Council vote on 

a. Retention of membership grades of Member 

4 and Fellow. 

b. Starring of scientists in American men of 
science, 

c. Type of Association meetings. 

6. Reports on Association affairs: 

a. Report from the Treasurer, W, E. Wrather, 

b. Reports from Committees: Cooperative Com¬ 
mittee on science teaching (K. Lark-Horovttt, 
etotfman); Committee on Affiliation and As¬ 
sociation (M. H, Boole, otatomM); Public*- 
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tlons Committee (E. C. Stakmnn, chairman) ; 
Editorial Board (H. A. Meycrhoff, chairman). 

7. New business. Member* of the Council are re¬ 
quested to communicate new items of business that should 
be placed on the agenda to Howard Meyerhoff, Adminis¬ 
trative Secretary, not later than December 19. 

The Academy Conference will hold a session Friday 
morning, December 30, at 10:00 a.m. in Parlor A, Hotel 
New Yorker, and a second session Friday afternoon, at 
2:30 p.m, f in the same room. At the afternoon session 
there will be exhibits by high school students, including 
the prise winners of scholarships awarded by the Inter¬ 
national Business Machines Corporation, In the evening, 
the Academy Conference Dinner is scheduled at 6:00 p.m., 
the place to be announced. The speaker will be William 
G, Pollard, and his subject: “The Oak Ridge Institute 
for Nuclear Studies and the Atomic Energy Program in 
the Associated Universities . ff 

The Inter-Society for a National Science Foundation 
will hold an open meeting cm Tuesday morning, December 
27, in the Keystone Boom, Hotel Statler, nt 10:30 a.m. 

Local Committees 

A complete list of AAAS Local Committees was printed 
in Science on November 4, p. 486 it will not be repeated 
here. The Honorary Reception Committee, headed by 
Governor Thomas E. Dewey and Mayor William O'Dwyer, 
includes somo 80 heads of New York's institutions of 
higher learning, medical and technical schools, academies, 
institutes and foundations scientific in character, mu¬ 
seums and local technical and scientific societies. 

The Program 

Full details of the individual programs of the 79 
sections and participating organizations are in the Gen¬ 
eral Program, now available to advance registrants. The 
Special Sessions and AAAS-sponsored Symposia appeared 
in Science on November 18, pp. 536 ff.; the program of 
the AAAS Science Theatre in Science for November 25, 
pp. 571 ft 

A synopsis of the program sessions, by days, follows: 

Monday Afternoon, December 26 
AAAS aa a Whole 

The AAAS Science Theatre* 18th floor, Statler, hai ita 
firat showing at 2:00 p.m. (open only to registrants). 

Annual Science Exposition, Penn Top and adjoining Salle 
Modern*, Statler, opens at 2:00 p.m.; closet at 4:00 p.m. 

Anthropology 

H 1 Section on Anthropology—2:80 p.m,; Session, 
Social Anthropology; Parlors F-G, New Yorker. 

Monday Evening, December 26 
AAAS as a Whole 

Illustrated Public Lecture on Accent Advances in Nu - 

1 The key symbols .in boldface preceding each event refer 
to the AAAS Sections and participating societies, as listed la 
the INDB& OF PROGRAMS near the front of the General 
Program, and a# repeated in the detailed SECTION AND 
SOCIBT* PROGRAMS—the main portion of this book. 
These programs should he consulted for speakers and titles 


clear Physios —8:00 p.m.; auspices of Scientific Research 
Society of America; Grand Ballroom, Statler. 

Botanical Sciences 

G4 American Society of Plant Physiologists —7:00 
p.m.; Executive Committee Meeting; Parlor E, McAlpin. 

G6 Botanical Society of America —8:00 p.m.; Council 
Meeting of Society; Room F, McAlpin. 

Science in General 

XS Scientific Research Society of America— 4:00 
p.m.; Meeting of Governing Board; Parlor A, Statler. 
5:00 p.m.; General Convention of Society; Parlor A, 
Statler. 8:00 p.m.; Illustrated Public Lecture on Recent 
Advances in Nuclear Physics; Grand Ballroom, Statler. 

Tuesday Morning, December 27 
AAAS ai a Whole 

Q, H, l, K, and N —9:00 a.m.; Symposium on Meeting 
the Needs of School Children; North Ballroom, New 
Yorker. 

AAAS Cooperative Committee —10:00 a.m.; Symposium 
on Trends in Modern Science; Grand Ballroom, New 
Yorker. 

Inter-Society Committee for a National Science Foun¬ 
dation —10:30 a.m.; Open Meeting; Keystone Room, 
Statler. 

Mathematics 

Al American Mathematical Society —10:00 a.m.; 

Concurrent Session 1; Room 301, Pupin Laboratories. 
10:00 a.m.; Concurrent Session 2; Room 329, Pupin 
Laboratories. 

A2 Institute of Mathematical Statistics —9:00 a.m,; 
Session IO, joint Session with the American Statistical 
Association; Governor Room, Governor Clinton. 

Zoological Science* 

FI American Society of Parasitologists —9:00 a.m.; 
Session; Georgian Room, Statler. 

Zoological and Botanical Science* 

FG 10 National Association of Biology Teachers — 
8:00 ajn.; Executive Board Meeting; Parlor D, New 
Yorker. 

FG 11 Society for the Study of Evolution —11:00 
a.m.; Council Meeting; John Jay Dining Hall, Columbia. 

Botanical Science* 

Gl American Bryological Society —8:00 a.m.; Break¬ 
fast Meeting; Marine Grill, McAlpin. 9:00 a.m.; Busi¬ 
ness Meeting; El Patio, McAlpin. 10:00 a.m.; Session; 
EL Patio, McAlpin. 

G3 American Phytopathologtcal Society —9:30 a.m.; 
Council Meeting; West Room, Martinique, 

G4 American Society of Plant Physiologists —9:00 
a.m.; Concurrent Session 1, joint session with Physio¬ 
logical Section of Botanical Society of America (Ses¬ 
sion 5); Winter Garden, McAlpin. 9:00 a.m.; Concurrent 
Session 2, joint session with Physiological Section of 
Botanical Society of America (Session 0); Ballroom, 
McAlpin. 
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G5 American Society of Plant Taxonomists —9:30 
nan.; Symposium on Phytogeography of South America 
Part I, joint session with Systematic Section of Botanical 
Society of America (Session 7) ; Crystal Hoorn, McAlpin. 

<56 Botanical Society of America —9:00 a.m. ; Session 
1, Business Meeting of Society; Colonial Boom, McAlpin. 
9:30 a.m.; Concurrent Scsnion 2, General Section; Co¬ 
lonial Room, McAlpin. 9:30 a.m.; Concurrent Session 3, 
parallel meeting of Microbiological Section and Myco- 
logical Society of America; Green Room, McAlpin. 9:30 
a,m.; Concurrent Session 4, Paleobotanical Section; East 
Room, McAlpin, 9:00 nan.; Concurrent Session 5, joint 
meeting of Physiological Section and American Society 
of Plant Physiologists (Session 1); Winter Garden, Mc¬ 
Alpin. 9:00 a,m.; Concurrent Session 6, joint meeting of 
Physiological Section and American Society of Plant 
Physiologists (Session 2); Ballroom, McAlpin. 9:30 
a.m.; Concurrent Session 7, Symposium on Phytogeog- 
raphy of South America, Part I, joint meeting of Sys¬ 
tematic Section and American Society of Plant Taxono¬ 
mists; Crystal Room, McAlpin. 

G7 Mycological Society of America —9:00 a.m.; Busi¬ 
ness Meeting and Session; Blue Room, McAlpin. 9:30 
a.m.; Session, parallel meeting of Microbiological Section 
of Botanical Society of America (Session 3); Green 
Room, McAlpin. 

G8 Phycological Society of America — 9:00 a.m.; 
Session; Room F, McAlpin. 

Anchropolgy 

H Section on Anthropology —0:00 a.m.; Symposium 
on Meeting the Needs of School Children, joint session of 
Sections H, I, K, N, and Q; North Ballroom, Now Yorker. 
9:30 a.m.; Symposium on Mind, Culture and Individu¬ 
ality, Part I; Parlors F-G, New Yorker. 

Psychology 

I Section on Psychology —0:00 a.m.; Symposium on 
Meeting the Needs of School Children, joint session of 
Sections I, H, K, N, and Q; North Ballroom, New Yorker. 
9:90 a.m,; Session; East Room, New Yorker. 

Social and Economic Scionoai 

K Section on Social and Economic Sciences —9:00 
a.m.; Symposium on Mooting the Needs of School Chil¬ 
dren, joint session of Sections K, H, I, N, and Q; North 
Ballroom, New Yorker. 

K4 American Sociological Society —Executive Com¬ 
mittee Meeting; Parlors E-H, Now Yorker. (Time not 
announced.) 

K5 American Statistical Association —9:00 n.m.; 
Joint session with the Institute of Mathematical Statis¬ 
tics; Governor Room, Governor Clinton, 

Engineering 

M Section an Engineering—4 :00 a.m,; Annual B usi- 
ness Meeting of Section; Parlor 1, Statier. 

Medical Sciences 

N Section on Medical Sciences—+Q :00 a,m.; SyoK 
posium on Meeting the Needs of School Children, joint 
sessions of Sections N, U, I, K, And Q; North Ballroom, 
Netf iTofW. /•', 


Education 

Q Section on Education —9:00 a.m.; Symposium on 
Meeting the Needs of School Children, joint session of 
Sections Q, H, I, K, and N; North Ballroom, New Yorker, 
Qi A A AS Cooperative Committee on Teaching of 
Science and Mathematic*— 10:00 a.m,; Symposium on 
Trends in* Modern Science, joint session of all science 
teachi% societies affiliated with the AAAS; Grand Ball¬ 
room, NevJv Yorker. 

Q2 National Science Teachers Association —8:00 
a.m.; Executive Committee Meeting; Parlor C, New 
Yorker. ^ 

Science in General 

XI American Nature Study Society —8:00 a.m.; 
Meeting of Board of Directors, Officers and Delegates; 
Parlor B, New Yorker. 

X7 The Society of the Sigma Xi— 9:00 a.m.; Execu¬ 
tive Committee Meeting; Suite of the Society, Statler. 

Tuesday Noon and Afternoon, December 27 
AAAS as a Whole 

Executive Committee —12:00 noon; Luncheon and 
Meeting; Suite of Administrative Secretary, Statler. 
Council Meeting— 4:00 p.m.; Parlor 2, Statler. 

National Geographic Society —3:00 p.m.; Annual Lec¬ 
ture, Illustrated, sound him in color on Arnhem Land; 
Grand Ballroom, Statler, 

Mathematic* 

A Section on Mathematics —2:00 p.m.; Address of 
Retiring Vice President, joint session with American 
Mathematical Society; Room 301, Pupin Laboratories. 

A1 American Mathematical Society —2:00 p.m.; Joint 
session vyit-h Section A; Room 301, Pupin Laboratories. 
4:00 p.m.; Tea given by Columbia University; Faculty 
House. 

A4 National Council of Teachers of Mathematic »— 
2:00 p.m.; Session and Demonstration—Working with 
Glass, joint meeting with National Science Teachers As¬ 
sociation; Grand Ballroom, New Yorker. 

Geology and Geography 

E4 National Geographic Society —3:00 p.m.; Lecture 
and color-illustrated sound film on Arnhem Land; Grand 
Ballroom, Statler, 

Zoological Sciences 

PI American Society of Parasitologists —2:00 p.m.; 
Session ; Georgian Room, Statler. 

F3 American Society of Zoologists —12:00 noon; 
Executive Committee Meeting; Parlor A, Statler. 
Zoological and Botanical Sciences 

FG1 American Microscopical Society — 1 ; 00 p.m.; 
Executive Committee Luncheon and Business Meeting; 
Parlor B, Statler. 

FG5 Beta Beta Beta —12:15 p.m.; Luncheon and 
Convention Address; Oak Room, Martinique. 1:30 p.m.; 
Business session; Oak Room, Martinique. 

FG8 Ecological Society of Jnwrioo—2:00 pan.; Ses¬ 
sion on Plant Neology, joint session with Botanical So¬ 
ciety of America; Ctold Boom, Martinique. 
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FG10 National Association of Biology Teachers — 
2:00 p.m.; Teaching Aids from within the Classroom and 
Laboratory; North Ballroom, New Yorker. 

FG11 Society for the Study of Evolution —2:00 p.m.; 
Session; Boom 902, Schermorhorn Hall, Columbia. 

Botanical Sciences 

Gl American Bryological Society —2; 00 p.m.; Sym¬ 
posium on The Bryologist and Bryology; El Patio, Mc- 
Alpin. 

G4 American Society of Plant Physiologists— 1:30 
p.m.; Concurrent Session .1, joint session with Physiologi¬ 
cal Section of Botanical Society of America (Session 
4); Winter Garden, McAlpin. 1:30 p.m.; Concurrent 
Session 2, joint session with Physiological Section of 
Botanical Society of America (Session 5); Ballroom, 
McAlpin. 

G5 American Society of Plant Taxonomists —2:00 
p.m.; Symposium on the Phytogeogruphy of South Amer¬ 
ica, Part II, joint session with the Systematic Section 
of Botanical Society of America (Session 6); Crystal 
Room, McAlpin. 

G6 Botanical Society of America —2:00 p.m.; Con¬ 
current Session 1, General Section; Colonial Boom, Mc¬ 
Alpin. 2:00 p.m.; Concurrent Session 2, joint meeting of 
Microbiological Section and Mycological Society of 
America; Green Room, McAlpin. 2:00 p.m,; Concurrent 
Session 3, Paloobotnnical Section; East Boom, McAlpin. 
1:30 p.m.; Concurrent Session 4, joint meeting of Physi¬ 
ological Section and American Society of Plant Physiolo¬ 
gists (Session 1) ; Winter Garden, McAlpin. 1:30 p.m.; 
Concurrent Session f>, joint meeting of Physiological 
Section and American Society of Plant Physiologists 
(Session 2); Ballroom, McAlpin. 2:00 p.m.; Concurrent 
Session 6, Symposium on Phytogeography of South Amer¬ 
ica, Part II; Joint meeting of Systematic Section and 
American Society of Plant Taxonomists; Crystal Room, 
McAlpin. 2:00 p.m.; Concurrent Session 7, Plant Ecol¬ 
ogy, joint meeting with the Ecological Society of Amer¬ 
ica; Gold Boom, Martinique. 

G7 Mycological Society of America —2:00 p.m,; 
Session on Medical Mycology; Joint meeting with Micro¬ 
biological Section of Botanical Society of America (Ses¬ 
sion 2); Green Room, McAlpin. 

G£ Phycological Society of America— 2;00 p.m.; 
Session; Room F, McAlpin. 

Anthropolgy 

H Section on Anthropology— 2:00 p.m.; Symposium 
on Mind, Culture, and Individuality, Part II; Parlors 
F-G, New Yorker. 

Ptycholegy 

I Section on Psychology —2:00 p.m.; Session; East 
Room, New Yorker. 

fsdsi |«os«alc ScMMfi . 

K4 Amerioan Sociological Society—2 : 00 p.m. ; Emcu* 
riveCommit^ Meeting; Parlors B-H, New Yorker. 
M*dieai$oi«n«M 

JM 4l^ Bpsikm Belta^l2 ; 10 p.m,; Luncheon for 


all members and others interested in premedical educa¬ 
tion; Greeley Room, Governor Clinton. 

Education 

Q Section on Education —2:00 p.m.; Session; Par¬ 
lor A, New Yorker. 

Q2 National Science Teachers Asoooiation —2:00 
p.m.; Session and Demonstration—Working with Glass, 
joint meeting with National Council of Teachers of 
Mathematics; Grand Ballroom, New Yorker. 

Science in General 

Xl American Nature Study Society —2:00 p.m.; Ses¬ 
sion, Nature Writing and Nature Books; Panel Boom, 
New Yorker. 

X6 Sigma Dolta Epsilon —4;30 p.m.; Alumnae mem¬ 
ber’s tea ; Parlor C, Statler. 

X7 The Society of the Sigma Xi —1:00 p.m.; Ex¬ 
ecutive Committee Meeting; Suite of the Society, Statler. 
4:00 p.m.; Annual Convention; Keystone Room, Statler. 

Tuesday Evening, December 27 
AAAS as a Whole 

M and Ml Section on Engineering; and Newark 
College of Engineering—7:30 p.m.; Symposium on Nu¬ 
clear Engineering, joint program; Parlor 1, Statler. 

Annual Address of the Society of the Sigma Xi — 
8:00 p.m.; Illustrated Lecture: Evolution in the Tropics; 
Grand Ballroom, Statler. 

Mathematic* 

AI American Mathematical Society —8:00 p.m.; 

Meeting of Organizing Committee of the International 
Mathematical Congress; Boom 4, John Jay Hall. 

Zoological Science* 

FI American Society of Parasitologists —7:00 p.m.; 
Dinner and Business Meeting of officers and members of 
Council; Parlor A, Statler. 

Zoological and Botanical Science* 

FG 10 National Association of Biology Teachers — 
7:30 pjn.; Meeting of Board of Directors; ParloT D, 
New Yorker. 

FG 12 American Institute of Biological Sciences — 
9:30 p.m.; Conference on Uniformity of Literature Cita¬ 
tions; Colonial Room, McAlpin, 

Botanical Science* 

G4 American Society of Plant Physiologists —7:00 
p.m.; Plant Physiologists' Dinner, Presidential Address 
of Society, Stephen Hales Lecture; Gold Room, Mar¬ 
tinique. 

G5 American Society of Plant Tatfonamwts—^7:00 
p.m. ; Annual Meeting and Dinner of Society, Presi¬ 
dential Address ; Hunter College. 

G6 Botanical Society of America—8 :00 p.m. j Council 
Meeting of Society; Room F, McAlpin* 

Psychology 

I Section on Psychology —8: 00 p.m.; Vice Presiden¬ 
tial Addresses of Sections X And Q, joint session; North 
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Ballroom, New Yorker. 

Englaeering 

M and Ml Section on Engineering; Newark Coltege 
of Engineering- —7:30 p.m,; Symposium on Nuclear En¬ 
gineering, joint program ; Parlor 1, Staticr. 

Medical Sciences 

N4 American Dietetic AemciationS'.QO pun.; Ses¬ 
sion; Governor Room, Governor Clinton. 

Education 

Q Section on Education —8:00 p.m.; Vice Presiden¬ 
tial Addresses of Sections Q and I, joint session; North 
Ballroom, New Yorker. 

Q2 National Science Teachers Association —7:30 p. 
m.; Board of Directors Meeting; Parlors F-G, New 
Yorker. 

Science in General 

XI American Nature Study Society —8:00 p. m.; An¬ 
nual Business Meeting, Informal Showing of Kodn- 
chromos; Panel Boom, Now Yorker. 

X7 The Society of the Sigma Xi —8:00 p.m.; Illus¬ 
trated Lecture: Evolution in the Tropics; Grand Ball¬ 
room, Station 

Wadnaiday Morning, December 28 
AAAS as a Whole 

A A AS Cooperative Committee on the Teaching of 
Science and Mathematics —10:00 a.m,; General Session, 
joint meeting with all science teaching societies; Grand 
Ballroom, New Yorker. 

AAAS Subsection Nn i—0:30 a.ra.; Symposium on 
Adrenal Cortex, Part I; Keystone Boom, Statler. 

Mathematic* 

A1 American Mathematical Society —9:30 a.m.; 
General Session; Boom 301, Pupin Laboratories. 10:45 
aon.; Concurrent Session 1; Boom 301, Pupin Labora¬ 
tories. 10;45 a.m,; Concurrent Session 2; Boom 329, 
Pupil Laboratories. 

Zoological Sciences 

FI American Society of Parasitologists^diQO a.m.; 
Symposium on the Physiology of Parasites; Gold Boom, 
Martinique. 

F 2 American Society of Protozoologuts —9:00 a.m.; 
Business Meeting; Parlor 1, Statler. 

F3 American Society of Zoologists-^ 9:35 a.m.; Sym¬ 
posium on Experimental CeU Research, joint session with 
Genetics Society of America; Grand Ballroom, Statler. 

Zoological and Botanical Science* 

FG2 American Society of Suman Genetic* —10:00 
a.m.; Session; Gramercy Boom, Governor Clinton, 
Demonstrations, all day, Wednesday {and Thursday); 
Parlors F and J, Governor Clinton* 

FG3 American Society of Limnology and Oceanog- 
^ropAy—9:30 Special Session on Apparatus and 

Methods; Boom 902, Sehermerhora Hall, Columbia. 

PQB Ecological Society of America—9 :30 a.m»; Con¬ 
current Session 1, Animal Ecology ; Boom 502, Kent Hall, 


Columbia. 9:30 ajn.; Concurrent Session 2, Plant* 
Ecology; Boom 515, Kent Hull, 

FG9 Genetics Society of America —9:00 a.m.; Con¬ 
current Session 1; Governor Boom, Governor Clinton. 
9:00 a.m.; Concurrent Session 2; Florentine Boom, 
Governor Clinton. 9:15 a.m.; Concurrent Session 3, 
Symposium on Experimental Cell Research, joint session 
with Society of Zoologists; Grand Ballroom, 

Statler. $ 

FG10 National Association of Biology Teachers — 
10:00 a.m.; General Session, joint meeting with AAAS 
Cooperative Committee and all science teaching organi¬ 
sations affiliated with AAAS; Grand! Ballroom, New 
Yorker. 

FG11 Society for the Study of Evolution —9:00 a.m,; 
Symposium on the Bole of the South Atlantic Basin 
in Biogeography and Evolution, Part I; Main lecture 
room, Brander Matthews Hall, Columbia. 

Botanical Science* 

G1 American Bryological Society —9:30 a.m,; Joint 
Sessions all day with Systematic Section of Botanical 
Society of America and American Society of Plant Tax¬ 
onomists; at New York Botanical Garden. 

G3 American Phytopathologioal Society— 9:00 a.m.; 
Business Meeting; Oak Boom, Martinique. 10:30 a.m.; 
Business Meeting, Northeastern Division of Society; 
Oak Boom, Martinique. 

G4 American Society of Plant Physiologists —9:00 
a.m.; Concurrent Session 1, joint session with Physio¬ 
logical Section of Botanical Society of America (Session 
5); Winter Garden, MeAlpin. 9:00 a.m.; Concurrent 
Session 2, joint session with Physiological Section of 
Botanical Society of America (Session 6); Ballroom, 
MeAlpin.- 

G5 American Society of Plant Taxonomists —9:30 
a.m.; Session, Business Meeting, Luncheon; Joint Meet¬ 
ing with Systematic Section of Botanical Society of 
America (Session 8); at New York Botanical Gardon. 

G6 Botaniodl Society of America —9:00 ajn,; Ses¬ 
sion 1, Business Meeting of Society; Colonial Room, 
MeAlpin. 9:30 a.m.; Concurrent Session 2, General Sec¬ 
tion; Colonial Boom, MeAlpin. 9:30 a.m.; Concurrent 
Session 3, joint meeting of Microbiological Section with 
Myeoiogical Society of America; Green Room, MeAlpin. 
9:00 a.m.; Concurrent Session 4, joint meeting of the 
Palcobotanical Section with the Society for the Study 
of Evolution; Symposium on the Role of the South At¬ 
lantic Basin in Biogeography and Evolution, Part I; 
main lecture room/ Brander Matthews Hall, Columbia. 
9:00 am,; Concurrent Session 5, joint meeting of Physio¬ 
logical Section and American Society of Plant Physi¬ 
ologists (Session 1); Winter Garden, MeAlpin. 9:00 
a.m.; Concurrent Session6, joint meeting of Physiological 
Section and American Society of Plant Physiologists 
(Session 2); Ballroom, MeAlpin. 9:30 a.m.^ Concurrent 
Session 7, Botanical Teaching Section; Symposium on 
. Basic Training for Specialization in Reeeaffch; Blue 
Boom, MeAlpin. 0 :30 a.ro.| Gonenmat SessionA; Busi¬ 
ness Meeting, Luncheon; Joint 
Section, AmerieonSoc^ ani 
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REGISTER NOW 

for the New York Meeting of the AAAS 

AVOID CONGESTION AND DELAY 
GET YOUR GENERAL PROGRAM 
EARLY IN DECEMBER 

Registration in advance of arrival at the 116th Annual Meeting of the 

AAAS in the Pennsylvania Zone hotels of New York City, December 26-31, 

1949, has so many advantages that we wonder why almost everyone doesn’t 

take this simple step. For instance: 

1. You avoid congestion and delay at the Registration Desks in the hotel 
foyers. All indications point to a record-breaking attendance since all 
of the Association’s seventeen sections and subsections, and more than 
fifty societies, will have sessions; also this is the first meeting in New 
York City since 1928, 

2. You receive the General Program early in December in ample time un¬ 
hurriedly to decide among the events and the sessions of the societies 
that you wish to attend. 

3. Your name and hotel address will be in the Visible Directory the first 
hour of the first day of the meeting, since it will be posted in Washing¬ 
ton as soon as processed. 

4. Advance Registrants will have the same privileges of receiving a map 
and directory of points of interest of New York City, literature, radio 
broadcast tickets, etc. At the convenience of Advance Registrants, these 
will be distributed from the Main Registration on the Penn Top of the 
Hotel Statler, the location of the Annual Science Exposition, the Visible 
Directory, and the Science Theatre, Admission to the excellent series 
of latest scientific films will be free to all Registrants. 

This yMr, at a ratutt of the veto of Hie biological toe lories. Including 
tho American Society of Naturalists, Hie sponsors. Hie Biologists* 

Smoker will bo open only to regular registrants or those who pay a 
registration fee at the time. 

--THIS IS YOUR ADVANCE REGISTRATION COUPON- 

1. Registration Fee enclosed: (check one) 

□ $2.00 A.A.A.S. Member □ $2.00 College Student 

□ $2.00 Wife (or Husband) of Registrant □ $3.00 Non-member of A.AA.S. 

2. TULIi. NAME (Mias, Mrs., Dr„ ote.) ......-.,... 

(Please print or typewrite) (Last) (First) (Initial) 

3. ACADEMIC, PROFESSIONAL OR 

BUSINESS CONNECTION ....:.....•.... 

. 4, OFFICE OR HOME. ADDRESS..'...:..... ... 

(For receipt of Program and Badge) 

. 5. YOUR FIELD OF INTEREST ....;........ ....... 

• . ■ 6..convention adless/.:;..;-,,.;-...;™.........;.;.. 

(If not known now may be added later) 

7. DATE OF ARRIVAL .DATE OF DEPARTURE...... 

mpil this coupon and ymr ttheclc or money order for tht fee, $2.00 or $$M, to 
TER AMERICAN ASSOCIATION* FOR TER AEVAECEMRNT OF SCIWCB 
ISIS Mossoahueett* Avenue, N.JP*, Washington £, D* C. 
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116 th AAAS MEETING 

Naw York City, Dacambar 26-31, 1949 

The list of hotels and the reservation coupon below are for your convenience in 
making your hotel room reservation in New York Please send your application, 

not to any hotel directly, but to the Housing Bureau of the New York Convention and 
Visitors Bureau to avoid delay and confusion. The experienced Housing Bureau will 
make assignments promptly and the hotel will send a confirmation directly to you in 
two weeks or less. Mail your application now to secure your first choice of flesired 
accommodations 

-THIS IS YOUR HOTEL RESERVATION COUPON- 

Miss Sylvia T. Peltonen, Manager 
Housing Bureau 

New York Convention and Visitors Bureau Date of application. 

500 Park Avenue 
New York 22, N. Y. 

Please reserve the following accommodations for the 116th Annual Meeting of the AAAS: 

TYPE OF ACCOMMODATION DESIRED 

Single Room . Rate . 

Double Boom ... Rate .. Number in Party . 

Other . . Rate ..... Sharing this room will be: 

... persons .... ....... 

(Enumerate and attach I/s/ giving name# and addrewcjt of each person, including yourself) 

CHOICE OF HOTED 

First choice. .. Second choice .... Third choice . 

DATE OF ARRIVAL ..... DEPARTURE DATE . 

(These must be Indicated) 

SIGNED .... 

ADDRESS ..... 

(Street) (City and Zone*) (State) 

Mail this now to the Sousing -Bureau. 

Rooms will bo assigned and confirmed in order oi receipt of reservation. 

Hotel will confirm directly in two weeks or less. 


HOTELS AND RATES* FER DAY 


HOTEL** 

WITHOUT BATH 
Single Double 

WITH 

Single 

BATH 

Double 

Twin 

Beds 

3 

Beds 

4 

Beds 

8TATLER 



$4.00 

-$7.50 

$6,50 

-$10.50 

$8.00 

-$14.00 

$11.00 

$13.00 

NEW YORKER 



$4.50 

-$10.00 

$7.00 

-$13.50 

$8.00 

-$13.50 

$9.50 

-$10.50 

$12.00 

-$14.00 

McALPIN 

$3.00 

-$3.50 

*5.00 

-*5.80 

$4.00 

-$7.00 

$6.50 

-$10.00 

$7.50 

-$11,00 

$9.50 

-$12.00 

$14.00 

-$17.50 

GOVERNOR CLINTON 



$4,00 

-$6.00 

$8.50 

-$8.00 

$7.50 

-$9.50 

$10.50 

$12,00 

MARTINIQUE 

$2.50 

-$3.00 

*5.75 

$3.75 ' 
-$5.00 

$6.00 

-$8.00 

$6,00 

-$8.00 

$9.00 

$11.00 


Suites range from. 110,00 to $26.00; $10.00 to $18.00 »t Martinique, $12.00 to $22.00 at 
New Yorker, $12.50 to $26.00 at Governor Clinton, $13.00 to $16.00 at McAlplu, and 
$15.00 to $17.00 at Htafler. 

The Now Yorker chargee $2A0 for an additional person per room; the other hotels $2.00, 

* New York City Hotel*room Tax of 5% la not Included in this schedule of rates. 

*• A Hat of the headquarters of each society appeared in) Tub fkuswTmc for August, 

pages tv and v, and In Asewdatlou Affairs, SCIENCE, August 26* page 220. 
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American, Bryological Society; fit New York Botanical 
Garden. 

G7 Myoological Society of America —9:30 a.m.; Ses¬ 
sion, joint meeting with Microbiological Section of Bo¬ 
tanical Society of America (Session 3); Green Boom, 
McAlpin. 

G8 Phycological Society of America— 9:00 a.m.; 
Symposium on the Culturing of Algae; Room F, McAlpin. 

Psychology 

II Society for Research in Child Development —9:30 
a.m.; Symposium on Permissiveness versus Rigidity in Re- 
lotion to Child Rearing, Personality, and Culture; North 
Ballroom, New Yorker. 

Social and Economic Science* 

K and K1 Section on Social and Economic Sciences; 
and Academy of World Economics —10:00 a.m.; Joint 
Session; Chelsea Room, Governor Clinton. 

K4 American Sociological Society —10:00 a.m.; Con¬ 
current Session 1, Progress in Research in Racial and 
Cultural Relations; Gold Room, Manhattan Center. 10:00 
a.m.; Concurrent Session 2, Industrial Sociology; 
Masonic Room, Manhattan Center. 10:00 a.m.; Con¬ 
current Session 8, Frontiers of Demographic Research; 
Lounge, Manhattan Center. 

K9 Rural Sociological Society —10:00 a.m.; Session, 
Rural Sociological Research in the Changing South; 
Parlors E H, New Yorker. 

Engineering 

M and M2 Section on Engineering; and Nc to York 
Section of American Institute of Electrical Engineers — 
9:00 a.m.; morning, afternoon, and evening; Visual Dis¬ 
plays Illustrating the Principles of Television, joint ex¬ 
hibit; East Room, McAlpin. 

Medical Sciences 

Ni Subsection on Medicine, Nm —9:30 a.m.; Sym¬ 
posium on Adrenal Cortex, Part I; Keystone Room, Stat¬ 
ist. 

Education 

Qi A A AS Cooperative Committee on Teaching of 
Science and Mathematics —10:00 a.m.; General Session, 
joint meeting of all science teaching societies affiliated 
with the AAAS; Grand Ballroom, New Yorker. 

Science in General 

X6 Sigma Delta Epsilon —9: 00 a. m.; National Coun¬ 
cil Mooting; Parlor C, Statler. 

Wednesday Noon and Afternoon, December 28 
AAAS as a Whole 

AAAS George Westinghouse Science Awards, Luncheon 
—12; 30 p.m.; Keystone Room, Statler. 

British Association for the Advancement of Science — 
4:30 pan.; Exchange Public Lecture on The Growing 
Importance of Infrared Studies in Physics, Chemistry 
and Biology, by a representative of the BAAS; Grand 
Ballroom, Statler. 

Mathematics 

Mjeoorttiri Mathematical 


era] Session; Room 301, Pupin Laboratories. 3:15 p.m. ; 
Concurrent Session 1; Room 301, Pupin Laboratories. 
8:15 p.m.; Concurrent Session 2; Boom 329, Pupin Lab¬ 
oratories. 4:30 p.m.; Josiah Willard Gibbs Lecture, 
McMillan Theatre, Columbia. 

Attronomy 

D Section on Astronomy —1:30 p.m.; Session, Ball¬ 
room, McAlpin. 

Zoological Science* 

F Section on Zoological Sciences —12:00 noon; An¬ 
nual Business Meeting of Section; Grand Ballroom, 
Statler, 

FI American Society of Parasitologists —1:30 p.m.; 
Annual Luncheon and Business Meeting; Grand Ball¬ 
room, Statler. 2:30 p.m. until 5:00 p.m.; Demonstra¬ 
tion Session; Room 903, Schermerhorn Hall, Columbia. 

F3 American Society of Zoologists —12:00 noon; An¬ 
nual Business Meeting of the Society (immediately 
following Business Meeting of Section F) j Grand Ball¬ 
room, Statler, 2:00 p.m.; Concurrent Session 1, Gen¬ 
eral Physiology; Parlor 1, Statler. 2:00 p.m.; Con¬ 
current Session 2, Embryology; Parlor 2, Statler. 2:00 
p.m.; Concurrent Session 3, Cytology; Parlor A, Statler. 
2:00 p.m.; Concurrent Session 4, Protozoology and Para¬ 
sitology ; Parlor B, Statler. 

Zoological and Botanical Science* 

FG2 American Society of Human Genetics—2:00 
p.m.; Session; Gramercy Room, Governor Clinton. 4:30 
p.m.; Annual Business Meeting; Chelsea Room, Governor 
Clinton. 

FG3 American Society of Limnology and Oceanog¬ 
raphy —2:00 p.m.; Joint Session with the Ecological 
Society of America; Room 411, Kent Hall, Columbia. 

FG6 and FG7 Biometric Society ( Eastern North 
American Region) ; and Biometric Section , American 
Statistical Association —4:00 p.m.; Symposium on The 
Use of Rationally Developed Equations in Biology; 
Joint session; Hotel Biltmore. 

FG8 Ecological Society of America —2:00 p.m.; 
Concurrent Session 1, General Ecology; Room 502, Kent 
Hall, Columbia. 2:00 p.m.; Concurrent Session 2, Plant 
Ecology and Plant Geography; Room 515, Kent Hall. 
2:00 p.m.; Concurrent Session 3, Limnology and Oceanog¬ 
raphy; Joint Session with American Society of Lim¬ 
nology and Oceanography; Room 411, Kent Hall. 

FG9 Genetics Society of America —2:00 p.m.; Con¬ 
current Session 1; Governor Room, Governor Clinton. 
2:00 p.m.; Concurrent Session 2; Florentine Room, 
Governor Clinton. 

FG10 National Association of Biology Teachers — 
2:00 p.m.; Teaching Aids from Outside the Classroom 
and Laboratory; Parlors F~G, New Yorker. 

FOll Society for the Study of Evolution —2:00 p.m.; 
Symposium on the Role of the South Atlantic Basin in 
Biogeography and Evolution, Part II; Main lecture 
room; Brander Matthews Hall, Columbia. 

Botanical Sciatica* 

Gl Aewf&wi Bryologiodl Society—Joint Sessions, 
all day, with Systematic Section of Botanical Society of 
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America and American Society of Plant Taxonomists; at 
New York Botanical Garden. 

G3 American Phytopalhological Society —1:30 p.m.; 
Concurrent Session 1, Stone Fruit and Citrus Virus Dis¬ 
eases; Oak Room, Martinique. 3:00 p.m.; Session 2, 
Stone Fruit Versus Disease Conference; Oak Room, Mar¬ 
tinique. 1:30 p.m.; Concurrent Session 3, Vegetable and 
Small Fruit Crop Diseases; Gold Room, Martinique. 1:30 
p.m.; Concurrent Session 4, Conference of Extension 
Plant Pathologists; El Patio, McAlpin. 

G4 American Society of Plant Physiologists —1:30 
p.m.; Symposium on Some Growth Phenomena Clarified 
by Tissue and Organ Culture, joint session with Physio¬ 
logical Section of Botanical Society of America (Session 
3); Whiter Garden, McAlpin. 4:00 p.m.; Business Meet¬ 
ing; Winter Garden, McAlpin. 

G5 American Society of Plant Taxonomists —2:00 
p.m.; Film; Inspection of Herbarium and Library; Joint 
Session with Systematic Section, Botanical Society of 
America (Session 5); at New York Botanical Garden, 

G6 Botanical Society of America —2:00 p.m.; Con¬ 
current Session I, General Section; Colonial Room, Mc¬ 
Alpin. 2:00 p.m.; Concurrent Session 2, Symposium on 
Mechanism of Cellulose Degradation by Chemical and 
Biological Agents; Joint Meeting of Microbiological 
and Paleobotanical Sections; Crystal Room, McAlpin. 
1:30 p.m.; Concurrent Session 3, Symposium on Some 
Growth Phenomena Clarified by Tissue and Organ Cul¬ 
ture; Joint Meeting of Physiological Section and Ameri¬ 
can Society of Plant Physiologists; Winter Garden, McAl¬ 
pin. 2:00 p.m,; Concurrent Session 4, Botanical Teach-, 
ing Section; Symposium on Botany as a Rccrentioual 
Subject; Blue Room, McAlpin, 2:00 p.m.; Concurrent 
Session 5, Film; Inspection of Herbarium and Library; 
Joint Meeting of the Systematic Section and the American 
Society of Plant Taxonomists; at New York Botanical 
Garden. 

G7 Myoologioal Society of America —2:00 p.m.; 
Session; Green Room; McAlpin. 

G8 Phycoloffioal Society of America —2:00 p.m.; 
Business Meeting; Boom F, McAlpin. 

Psychology 

H Society for Research in Child Development— 
2:30 p.m.j Symposium on the Concept of Maturity from 
the Anatomical, Physiological, and Psychological Points 
of View; North Ballroom, New Yorker. 

Social and Economic Sciences 

K4 American Sociological Society —1:15 p.m.; Con¬ 
current Session 1, The American Soldier; Gold Room, 
Manhattan Center, 1:15 p.m.; Concurrent Session 2, 
Recent Contributions to Family Theory in Different 
Fields; Masonic Room, Manhattan Center. 1:15 p.m.; 
Concurrent Session 3, Current Research; Lounge, Man¬ 
hattan Center. 8:30 p.m.; Concurrent Session 4, Sig¬ 
nificant Fields of Rural Research; Gold Boom, Manhattan 
Center. 3:30 p.ra,; Concurrent Session 6, Mobility in 
the American Stratification System * Masonic Room, Man¬ 
hattan Center. 3:30 p.m.; Concurrent Session 6, Social 
Research in the Federal Government; Lounge, Manhattan 
Center. 
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K8 Pi Gamma Mu —12:00 noon; Luncheon for in- 
vi ted guests; Greeley Room, Governor Clinton. 

K9 Rural Sociological Society —12:00 noon; Rural 
Sociological Research in the Corn and Wheat Belts; 
Parlors E-H, New Yorker. 

Education 

Q2 National Science Teachers Association —2:00 p. 
m,; THtrd National Conference of Industry-Science 
Teaching Relations ; Grand Ballroom, New Yorker. 

Science in General 

XI American Nature Study Society —-2:30 p.m.; Ses¬ 
sion, Nature Photography; Panel Room, New Yorker. 

X3 Phi Kappa Phi —1:30 p.m.; Business Meeting, 
Chelsea Room, Governor Clinton. 

X6 Sigma Delta Epsilon —12:30 p.m.; Luncheon, Ad¬ 
dress, Announcement of Award; Georgian Room, Statk-r. 

Wednesday Evening, December 28 
AAAS as a Whole 

AAAS Presidential Address —8:00 p.m.; Ten Million 
Scientists; Grand Ballroom, Statler. 

AAAS Reception —9:30 p.m.; Grand Ballroom and ad¬ 
jacent rooms, Statler. (Reception open only to regis¬ 
trants.) 

AAAS Section M; New York Section of American In - 
stitutc of Electrical Engineers —8:00 p.m.; Round Table 
Discussion on Technology of Television; Crystal Room, 
McAlpin, 

Mathematics 

A1 American Mathematical Society —6:80 p.m.; 

Meeting of Council of Society; Room 4, John Jay Hall, 
Columbia. 

Zoological'Sciences 

F3 American Society of Zoologists —6:00 p.m.; 

Zoologists’ Dinner; Gold and Oak Rooms, Martinique, 

Zoological and Botanical Sciences 

FGI2 American Institute of Biological Sciences — 
9:30 p.m.; Conference of Secretaries of Biological So¬ 
cieties; Room F, McAlpin. 

Botanical Sciences 

G3 American Phytopathological Society —8:00 p.m.; 
Concurrent Session 1, The Teaching of Plant Pathology; 
Winter Garden, McAlpin. 8:00 p.m.; Concurrent Ses¬ 
sion 2, Fungicide Colloquium ; Ballroom, McAlpin. 8:00 
p.m.; Concurrent Session 3, Riant Disease Forecasting; 
East Room, Martinique. 

Social and Economic Sciences 
*4 American Sociological Society —7:00 p.m.; Joint 
Dinner with the Conference bn Family Welfare; Grand 
Ballroom, New Yorker. 

K9 mid K3 Rural Sociological Society ; and American 
Farm Economic Association —8: DO p.m.; Joint Session. 
The Future of Rural Life in the United States; North 
Ballroom, New Yorker, 

Engineering 

M and M2 Section on Engineering; New York See* 
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tion of American Institute of Electrical Engineer $— 
8:00 p.m.; Joint Program, Bound Table Dissuasion on 
Technology of Television ; Crystal Boom, McAlpin. 

Science in General 

X4 National Association of Science Writers —7:30 
p.m.; Business Meeting; Parlor A, Statler. 

Thursday Morning, December 29 
AAAS at a Whole 

AAAS Section Secretaries* Conference —11:30 a.m.; 
Conference and Lunch for nil section secretaries; Parlor 
2Statler. 

AAAS Cooperative Committee —8:00 a.m.; Meeting 
of the officers of all science teaching organizations affili¬ 
ated with the AAAS to plan the 1950 Coordinated Pro¬ 
gram; Parlor A, New Yorker. 10:00 a.m.; General Ses¬ 
sion, meeting with all science teaching organizations; 
Grand Ballroom, New Yorker. 

Forum on .Research and National Security , Detlev 
Bronk, Chairman—10:00 a.m.; Grand Ballroom, Statler. 

AAAS Subsection Nm —9:30 a.m.; Symposium on 
Adrenal Cortex, Part II; Keystone Boom, Statler. 

Ma them* tics 

A1 American Mathematical Society —10:00 a.m.; Gen¬ 
eral Session, Annual Business Meeting; Cole Prize Ad¬ 
dress; Boom 301, Pupin Laboratories. 

A4 National Council of Teachers of Mathematics — 
10:15 a.m.; Concurrent Session 1; Boom 211, Teachers 
College, Columbia. 10:35 a.m.; Concurrent Session 2, 
Boom 200, Teachers College. 10:15 a.m.; Concurrent 
Session 3; Boom 300, Teachers College. 

Astronomy 

D Section on Astronomy —9:30 a.m.; Contributed 
Papers; Greeley Boom, Governor Clinton. 

Geology and Geography 

E end E3 Section on Geology and Geography ; 
Geological Society of America —9:00 a.m.; Joint Pro¬ 
gram; North Ballroom, New Yorker. 

Zoological Sciences 

FI Amerioan Society of Parasitologists —9:00 a.m.; 
Session; Boom 501, Sehermerhorn Hall, Columbia. 

F3 American Society of Zoologists— 9:00 a.m.; Con¬ 
current Session 1, Animal Behavior and Sooiobiology; 
Joint Meeting with Ecological Society of America; 
Georgian Boom, Statler. 9:00 a.m.; Concurrent Session 
2, General Physiology; Parlor 3, Statler. 9:00 a,m,; 
Concurrent Session 3, Endocrinology; Parlor A, Statler, 
9:00 a.m.; Concurrent Session 4, Cell Physiology; Parlor 
B, Statler, 

F4 Society of Systematic Zoology —9:00 a.m.; An¬ 
nual Breakfast and Business Meeting; Parlor 2, Statler. 

Zoological and Botanical Science* 

FGZ American Society of Human Genetics —Demon¬ 
strations, all day; Parlors F and J, Governor Clinton. 

FG3 American Society of Limnology end Ooeonog- 
rapAy^9:30 a.m.; Session; Florentine Boom, Governor 
Clinton, 


FG6 Ecological Society of America — 0:00 a.m.; Ses¬ 
sion, Animal Behavior and Sociobiology; Joint Meeting 
with American Society of Zoologists; Georgian Boom, 
Statler. 

FG9 Genetics Society of America —9:00 a.m.; Invi¬ 
tation Program; 309 Havemeyer Hall, Columbia. 

FG10 National Atworiatton of Biology Teacher*— 
8.00 a.m.; Committee Meeting of the officers of all AAA8- 
affiliated science teaching organizations, to plan the Co¬ 
ordinated Program for 1950; Parlor A, New Yorker. 

FGll Society for the Study of Evolution —9:00 a.m.; 
Session; Boom 002, Sehermerhorn Hall, Columbia. 

Botanical Sciance* 

G3 American PhytopatHological Society —9:00 a.m,; 
Concurrent Session 1, Tobacco and Potato Diseases; Oak 
Boom, Martinique. 9:00 a.m.; Concurrent Session 2, 
Wheat, Oat, and Corn Diseases; Gold Boom, Martinique. 
9:00 a.m.; Concurrent Session 3, Symposium on Per¬ 
formance of New Fungicidal Sprays and Dusts in 1949; 
El Patio, McAlpin. 9:00 a.m.; Concurrent Session 4, 
Council Meeting; West Boom, Martinique. 10:30 a.m.; 
Session 5; West Boom, Martinique. 

G4 American Society of Plant Physiologists —9:00 
a.m.; Concurrent Session 1, joint session with Physiologi¬ 
cal Section of Botanical Society of America (Session 5); 
Winter Garden, McAlpin, 9:00 a.m.; Concurrent Ses¬ 
sion 2, joint session with Physiological Section of Bo¬ 
tanical Society (Session 6); Ballroom, McAlpin. 

G5 American Society of Plant Taxonomists —0:30 
a.m.; Session, joint meeting with Systematic Section of 
Botanical Society of America (Session 7); Crystal Room, 
McAlpin. 

G6 Botanical Society of America— 9:00 a.m.; Con¬ 
current Session 1, Business Meeting of Society; Colonial 
Boom, McAlpin, 9:30 a.m.; Concurrent Session 2, Gen¬ 
eral Section; Colonial Boom, McAlpin. 9:30 a.m.; Con¬ 
current Session 3, joint meeting of Microbiological Sec¬ 
tion with Mycologies! Society of America; Green Boom, 
McAlpin. 9:30 a.m,; Concurrent Session 4, Paleobo- 
tanical Section; Blue Boom, McAlpin. 9:00 a.m,; Con¬ 
current Session 5, joint meeting of Physiological Section 
and American Society of Plant Physiologists (Session 
I); Winter Garden, McAlpin. 9:00 a.m.; Concurrent 
Session 6, joint meeting of Physiological Section and 
American Society of Plant Physiologists (Session 2); 
Ballroom, McAlpin. 9:30 a.m.; Concurrent Session 7, 
joint meeting of Systematic Section with American So¬ 
ciety of Plant Taxonomists; Crystal Boom, McAlpin. 

G7 Myoological Society of America —9:30 a.m,; Ses¬ 
sion, joint meeting with Microbiological Section of Bo¬ 
tanical Society (Session 8); Green Boom, McAlpin, 

Psychology 

II Society for Research in Child Development —9:30 
a.m.; Presidential Address and Business Meeting; Panel 
Room, New Yorker, 

Social and Economic Science* 

K2 Alpha Kappa Delta —8:00 a.m.; Annual Meeting 
and Breakfast; Parlors E-H, New Yorker. 
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K4 American Sociological Society —fi:00 a.m.; Con¬ 
current Session 1, Japan's Population Prospects; Gold 
Boom, Manhattan Center. 9:00 a.m.; Concurrent Ses¬ 
sion 2, Industrial Sociology; Masonic Room, Manhattan 
Center. 9:00 a.m.; Concurrent Session 3, Family Sta¬ 
tistics in the United States; Lounge, Manhattan Center. 

K9 Rural Sociological Society —8:00 a.m.; Session, 
Rural Sociological Research on Cultural Changes in the 
Appalachian Ozark Region; East Room, New Yorker, 
10:00 a.m.; Session, Rural Sociological Research in the 
Urbanized Northeast ; Parlors F-G, New Yorker. 

K10 Society for the Psychological Study of Social 
Issues —10:00 a.m.; Symposium on Racial and Religions 
Prejudice; East Room, Martinique. 

Engine* ring 

M and M2 Section o?i Engineering; New York Sec¬ 
tion of American Institute of Electrical Engineers —9:00 
a.m.; Morning, afternoon, and evening; Visual Displays 
Illustrating the Principles of Television, joint exhibit; 
East Room, McAlpin. 

Medical Sciences 

N Subsection on Medicine Nm —9:30 a.m.; Sym¬ 
posium on Adrenal Cortex, Part II; Keystone Room, 
Statler. 

Education 

Q1 and Q2 AAAS Cooperative Committee on the 
Teaching of Science and Mathematics; and National 
Science Teachers Association— 8:00 a.m.; Committee 
Meeting of the officers of all science teaching organiza¬ 
tions affiliated with the AAAS, to plan the Coordinated 
Program for 1950; Parlor A, New Yorker. 10;00 a.m.; 
General Session; Grand Ballroom, New Yorker. 

Q3 The Federation of Science Teachers Associations 
of New York City —10;00 a.m.; Fourth Annual Junior 
Scientists Assembly; Grand Ballroom, Now Yorker, 

Science in General 

XI American Nature Study Society —8:00 a.m.; Com¬ 
mittee Meeting of the officers of all science teaching or¬ 
ganizations affiliated with the AAAS, to plan the Coordi¬ 
nated Program for 1950; Parlor A, New Yorker. 

X3 Phi Kappa PM—8:00 a.m.; Breakfast and Busi¬ 
ness Meeting; Chelsea Room, Governor Clinton. 

X6 Sigma Delta Epsilon —7:30 a.m.; Convention 
Breakfast; Parlors F-G, New Yorker. 

Thursday Noon and Afternoon, December 29 
AAAS as a Whole 

AAAS Council Meeting —4;80 p.m.; Parlor 2, Statler. 

AAAS Cooperative Committee on the Teaching of Sci¬ 
ence and Mathematics —1:30 p.m.j Symposium on Science 
in General Education; Grand Ballroom, Statler. 3:30 
p.m. ; Panel Discussion on Improvement of Science In¬ 
struction oil the College Level; Grand Ballroom, Statler. 

AAA8 Section B—2:00 p.m.; Symposium on Present 
State of Physics, Part I—Elementary ParticleB; Georgian 
Room, Statler. 

AAAS Section G —2:00 p.m.; Panel -Discussion on Bot¬ 
any in the Service of Man; Winter Garden, McAlpin, 

AAAS Subsection Nm —2:00 p.m,; Symposium on Ad¬ 
renal Cortex, Port til; Keystone Room, Statler. 


Mathematics 

A1 American Mathematical Society —2:00 p.m.; Con* 
current Session I; Room 301, Pupin Laboratories. 2:00 
p.m.-j Concurrent Session 2; Boom 329, Pupin Labora¬ 
tories. 

A2 Institute of Mathematical Statistics —2:00 p.m.; 
Session 1-13, joint session with American Statistical As¬ 
sociation : Green Room, McAlpin. 4:00 p.m.; Session 
1-12, Ro\mrw of Stochastic Processes; Joint session witli 
American Statistical Association; Green Aoom, McAlpin. 

A4 National Council of Teachers of Mathematics — 
12:30 p.m,; Luncheon; John Jay Dining Hall, Columbia. 
2:30 p.m.; Concurrent Session 1; Room ^211, Teachers 
College, Columbia, 2:30 p.m.; Concurrent Session 2; 
Room 200, Teachers College. 2:30 p.m.; Concurrent Ses¬ 
sion 3; Room 300, Toachors College. 4:30 pjn.; Recep¬ 
tion ; Men ’e Faculty Club, Columbia. 

Physics 

B Section on Physics —2:00 p.m.; Symposium on 
Present State of Physics, Part I—Elementary Particles ; 
Georgian Room, Statler. 

Astronomy 

D Section on Astronomy —2:00 p.m, ; Session ; Chelsea 
Room, Governor Clinton. 

Geology and Geography 

E and E3 Section on Geology and Geography ; Geo¬ 
logical Society of America —2:00 p.m.; Joint Program; 
North Ballroom, New Yorker. 

Zoological Sciences 

FI American Society of Parasitologists —2:00 p.m.; 
Session; Room*501, Schormerhorn Hall, Columbia. 

F3 American Society of Zoologists —12:30 p.m.; 
Luncheon and Business Meeting, Committee for the Study 
of Animal Societies Under Natural Conditions; Dining 
room, Statler. 3:30 p.m.; Open House and Tea; De¬ 
partment of Animal Behavior, American Museum of Nat¬ 
ural History. 4:30 p.m.; Informal Symposium; Depart¬ 
ment of Animal Behavior, American Museum of Natural 
History. 2:00 p.m.; Concurrent Session 1, General Mor¬ 
phology, Ecology, Evolution, and Genetics; Room 902, 
Schermerhorn Hall, Columbia. 2:00 p.m*; Concurrent 
Session 2, Demonstrations ; Rooms 652 and 654, Seller- 
inorhorn Hall. 2:00 p.m.; Concurrent Session 3, Dem¬ 
onstrations by Motion Picture Films; Room 201, Payer- 
weather Hall, Columbia. 

Zoological and Botanical Sci«nc«* 

FG3 American Society of Limnology and Oceanog¬ 
raphy —2:00 p.m.; Session; Florentine Room, Governor 
Clinton. ,, 

FG6 and FG7 Biometric Society; and Biometric Sec¬ 
tion, American Statistical dtssoc4a<io»--r2:00 pan.; Ses¬ 
sion, Long-time Follow-up in Morbidity Studies; Hotel 
Biltmore. 

FG9 Genetics Society of America— 00 p.m.; Con¬ 
current Session 1, Demonstration Papers; Room 903-913, 
Sohermerhorn Hall, Columbia. 2 rOO p.m.; Concurrent 
Session 2 ; Room 309, Havemeyer Hail, Columbia, 
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F013 Proposed Society of Industrial Microbiologists 
—4:00 p.m.; Organisation Meeting; Ballroom, McAlpin. 

Botanical Sciences 

G Section on Botanical Sciences —2:00 p,m,; Panel 
Discussion on Botany in the Service of Man; Joint Ses- 
eion of societies of Sections G and F0; Winter Garden, 
McAlpin. 

G3 American Phytopathological Society —1:30 p.m.; 
Concurrent Session 1, Fruit Crop Diseases; Oak Boom, 
Martinique. 1:30 p.m.; Concurrent Session 2, Forage 
and Miscellaneous Field Crop Diseases; Gold Room, Mar¬ 
tinique. 1:30 p.m.; Concurrent Session 3, Diseases of 
Ornamentals; El Patio, McAlpin. 1:30 p.m.; Concurrent 
Session 4, Demonstration of Foreign Plant Quarantine 
Inspection Methods; West Boom, Martinique. 2:30 
p.m.; Session 5, Council Meeting; West Room, Mar¬ 
tinique. 

G9 Torrey Botanical Club —12:30 p.m.; Luncheon and 
Address; Colonial Room, McAlpin. 

Social and Economic Sciences 

K and K4 Section on Social and Economic Sciences ; 
and American Sociological Society — 2:00 p.m.; Panel 
Discussion on The Status and Prospects of the Social 
Sciences, joint session; Gold Room, Manhattan Center. 

K4 American Sociological Society —2:00 p.m.; Ses¬ 
sion 1, see preceding joint session with Section K; Gold 
Room, Manhattan Center. 1:15 p.m.; Concurrent Ses¬ 
sion 2, Sociological Theory; Masonic Room, Manhattan 
Center. 1:15 p.m.; Concurrent Session 3, The Under¬ 
standing of a Foreign Culture, joint session with the 
American Political Science Association; Lounge, Man¬ 
hattan Center. 3:30 p.m.; Concurrent Session 4, Sociol¬ 
ogy and Psychiatry; Masonic Room, Manhattan Center. 
3:30 p.m.; Concurrent Session 5, Current Research; 
Lounge, Manhattan Center. 

K5 American Statistical Association —4:00 p.m.; Re¬ 
view of Stochastic Ptocobbos, joint session with Institute 
of Mathematical Statistics; Green Room, McAlpin. 

K9 Bural Sociological Society —1:00 p.m.; Session, 
A Critique of Basic Research; Parlors F-G, New Yorker. 
3:00 p.m.; Session, Rural Sociological Research in the 
Pacific Coast States; Parlors F*G, New Yorker. 

Medical Sciences 

Nl Subsection on Medicine , Nm —2:00 p.m.; Sym¬ 
posium on Adrenal Cortex, Part III; Keystone Room, 
Statler. 

Education 

Ql A A AS Cooperative Committee on the Teaching of 
Science and Mathematics —1:30 p.m.; Symposium on Sci¬ 
ence in General Education; Grand Ballroom, Statler, 
3:30 p.m.; Panel Discussion on Improvement of Science 
Instruction on the College Level; Grand Ballroom, 
Statler, 

Thursday Evening, December 29 
AAAS as a Whole 

Biologists* Smoker, sponsored by American Society of 
MaturaHsts^9:00 p.m, until 19:00 midnight; Roosevelt 


Hall, American Museum of Natural History. (All wel- 
come, hut open only to registrants, or those who pay a 
registration fee upon arrival.) 

AAAS Section M; New York Section of American In¬ 
stitute of Electrical Engineers —8:00 p.m.; Joint Pro- 
gram, Round Table Discussion on the Impact of Tele¬ 
vision on Society and Future Developments; Crystal 
Room, McAlpin. 

AAAS Subsection Nm —7:30 p.m.; Symposium on Ad¬ 
renal Cortex, Part IV; Keystone Room, Statler. 

AAAS Cooperative Committee on Teaching of Science 
and Mathematics —6:30 p.m.; Joint Banquet of all sci¬ 
ence teaching societies affiliated with AAAS ; Grand Ball¬ 
room, New Yorker. 

M a thematic* 

Al and A3 American Mathematical Society; and 
Mathematical Association of America —6:30 p,m.; Din¬ 
ner for the mathematical organizations; John Jay Hall 
Dining Room, Columbia. 

A4 National Council of Teachers of Mathematics — 
6:30 p.m.; Dinner; Men’s Faculty Club, Columbia. 

Zoological and Botanical Science* 

FG2 American Society of Human Genetics —8:00 
p.m.; Address of the Retiring President of Society; Gov¬ 
ernor Room, Governor Clinton. 

FG4 American Society of Naturalists —0:00 p.m. till 
12:00 midnight; Biologists’ Smoker; Roosevelt Hall, 
American Museum of Natural History. All biologists 
welcome, but open only to registrants or those who pay a 
registration fee upon arrival. 

Botanical Science* 

G3 American Phytopathological Society —6:30 p.m.; 
Annual Dinner of Society; Ballroom, McAlpin. 

G6 Botanical Society of America —6:30 pjn.; Dinner 
for all botanists, Cranbrook Award, Presidential Ad¬ 
dress; Winter Garden, McAlpin. 

Social and Economic Science* 

K4 American Sociological Society —8:00 p.m.; Gen¬ 
eral Session of the Society; Grand Ballroom, Statler. 

History and Philosophy of Science 

L, LI, and L2 Section on History and Philosophy of 
Science; American Philosophical Association ; Philosophy 
of Science Association —8:00 p.m.; Joint Session; Panel 
Room, New Yorker. 

Engineering 

M and M2 Section on Engineering; New York Sec¬ 
tion of American Institute of Elegtrioal Engineers —8:00 
p.m.; Joint Program, Round Table Discussion on the Im¬ 
pact of Television on Society and Future Developments; 
Crystal Room, McAlpin. 

Medical Science* 

N-l Subsection on Medicine —7:30 pma.; Symposium 
on Adrenal Cortex, PaTfc TV; Keystone Room, Statler. 

Education 

Ql AAAS Cooperative Committee on Teaohing of 
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Science and Mathematical —6:30 p.m.; Joint Banquet of 
all alienee teaching societies affiliated with A A AS; Grand 
Ball room, New Yorker. 

Science in General 

X2 Federation of American Scientists—8 iQQ p.m.; 
General Meeting; Georgian Room, Statler. 

Friday Morning, December 3 0 
AAAS a* a Whole 

Academy Conference —10:00 a.m.; Session; Parlor A, 
New Yorker. 

AAAS Section B —9:30 a.m.; Symposium on the Pres¬ 
ent State of Physics, Part II—Physics of the Solid 
State; Georgian Room, Statler. 

Mathematics 

A2 Institute of ^Mathematical Statistic* —‘9:00 a.m,; 
Session I-I5, Symposium on Statistical Methods in As¬ 
tronomy; Joint Program with American Statistical As¬ 
sociation and AAAS Section D; Governor Room, Gov¬ 
ernor Clinton. 

A3 Mathematical Association of America —9:30 a.m.; 
Session and Business Meeting; Room 301, PupJn Labo¬ 
ratories, Columbia. 

Physics 

, B Section on Physics —‘9:30 a.m.; Symposium on the 
Present State of Physics, Part II—Physics of the Solid 
State; Georgian Room, Statler. 

Chemistry 

C Section on Chemistry —8:45 a.m.; Session; Key¬ 
stone Room, Statler. 

Astronomy 

D Section on Astronomy —9:00 a.m.; Symposium on 
Statistical Methods in Astronomy, joint session with In¬ 
stitute of Mathematical Statistics and American Statisti¬ 
cal Association; Governor Room, Governor Clinton. 

Geology and Geography 

E and E3 Section on Geology and Geography; Geo¬ 
logical Society of America —9:00 a.m.; Joint program; 
North Ballroom, New Yorker. 

Zoological Sciences 

F3 American Society of Zoologists —9:00 a.m.; Con¬ 
current Session 1, General Physiology; Parlor 1, Statler. 
9:00 a.m.; Concurrent Session 2, Endocrinology; Parlor 
2, Statler. 9:00 a.m. ; Concurrent Session 8, Embryol¬ 
ogy; Parlor A, Statler. 9:00 a.m.; Concurrent Session 
4, Cellular and General Physiology; Parlor B, Statler. 

Zoological gnd Botanical Sciences 

FG3 American Society of Limnology and Oceonog- 
raphy —9:30 a.m.; Session; Florentine Room, Governor 
Clinton. 
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Society of America —9:00 a.m.; Symposium on Repro¬ 
duction in Plants; Joint Meeting; Grand Ballroom, 
Statler. 

FG6 and FQ7 Biometric Society; Biometric Section , 
American Statistical Association —10:00 a.m,; Session, 
joint meeting; Hotel Biltmoro, 

Botanical Sciences 

G3 American Phytopathological Society —9:00 a.m.; 
Business Meeting; Oak Room, Martinique. 10:30 a.m.: 
Concurrent Session 2, Diseases of Forest and Shade 
Trees; Oak Room, Martinique. 11:00 a.m.; Concurrent 
Session 3, Flax, Safflower, Rice, and Sugar Cane Dis¬ 
eases; Gold Room,'Martinique. * 

G6 Botanical Society of America— 9:30 a.m.; Con¬ 
current Session 1, General Section; Colonial Room, Me- 
Alpin. 9:30 a.m.; Concurrent Session 2, joint meeting 
of Microbiological Section with Mycological Society of 
America; Green Room, McAlpin. 9:30 a.m.; Concurrent 
Session 3, Botanical Teaching Section; Blue Room, Mc¬ 
Alpin. 

G7 Mycological Society of ^ftnerioo—9:30 a.m.; Ses¬ 
sion, joint meeting with Microbiological Section of Bo¬ 
tanical Society of America (Session 2); Green Room, 
McAlpin. 

Social and Economic Sciences 

K4 American Sociological Society —9:00 a.m.; Con¬ 
current Session l, Methods of Empirical Research in So¬ 
ciology; Gold Room, Manhattan Center. 9:00 a.m.; 
Concurrent Session 2, Social Mobility and Social Strati¬ 
fication in European Societies; Masonic Room, Manhat¬ 
tan Center. 9:00 a.m.; Concurrent Session 3, Social 
Structure of the Public Schools; Joint Meeting with 
American Political Science Association; Lounge, Man¬ 
hattan Center. 

K5 American Statistical Association —9:00 a.m.; 

Symposium on Statistical Methods in Astronomy; Joint 
Program with Institute of Mathematical Statistics and 
AAAS Section D; Governor Room, Governor Clinton. 

K9 Jiural Sociological Society —8:00 a.m.; Session, 
Rural Sociological Research in the Semi-Arid West; Par¬ 
lors F and G, New Yorker. 

History and Philosophy of Science 
L, Ll, and L2 Section on Bistory and Philosophy of 
Science; American PMlosOphiodt Association; and Phi¬ 
losophy of Science Association —9:30 a.m.; Joint Ses¬ 
sion ; Panel Room, New Yorker. 

Engineering 

M and M2 Section on Engineering; Mem York Sec¬ 
tion of American Institute of Electrical Engineers —9:00 
a.m-.; morning, afternoon, and evening; Visual Displays 
Illustrating the Principles of Television, joint exhibit; 
East Room, McAlpin. 

Medical Sciences 


N2 Subsection on Dentistry ^; 30 a.ai,; Session; El 

PCM, FG8, FCW, F3,04. and G6 American Society of McAlpin. 

NatvraHsts; Ecological Society of America; Genetics Education v \ 

Society of America; American Society of Zoologists; Q3 The Federation of Bctente Teachers Associations 
American Society of Plant Physiologists; and Botanical of Slew York 1 
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Sd«n«B In General 

XI American Nature Study Society —8:30 a.m.; All 
Pay Field Trip; Starting from Parlor B, New Yorker. 

X8 The Academy Conference —10:00 a,m.; Session; 
Parlor A, New Yorker. 

. Friday Noon and Afternoon, December 30 
AAAS u « Whole 

Academy Conference —2:30 p.m,; Session; Parlor A, 
New Yorker. 

AAAS Section B —3:30 p.m.; Symposium on the Pres¬ 
ent State of Physics, Part Ill—Chemical Physics; 
Georgian Room, Statler. 3:30 p.m.; Symposium on the 
Present State of Physics, Part IV—Biophysics; Georgian 
Boom, Statler. 

AAAS Section P—2:00 p.m.; Symposium ort Steroid 
Hormones and Sex Differentiation in Vertebrates; Grand 
Ballroom, Statler. 

Mathematics 

A3 Mathematical Association of America —2:30 p.m.; 
Session ; Boom 301, Pupin Laboratories, Columbia. 

Physics 

B Section on Physics —1:30 p.m.; Symposium on the 
Present State of Physics, Part III—Chemical Physics; 
Georgian Boom, Statler. 3:30 p.m.; Symposium on the 
Present State of Physics, Part IV—Biophysics; Georgian 
Room, Statler. 

Chemistry 

C Section on Chemistry —2:00 p.m.; Session; Key- 
atone Boom, Statler. 

Geology and Geography 

E, El, and E2 Section on Geology and Geography ; 
American Geographical Society of New York; and Asso¬ 
ciation of American Geographers —2:00 p.m.; Joint ses* 
eion; North Ballroom, New Yorker. 

Zoological Sciences 

F Section on Zoological Soiences-~2:Q0 p.m.; Sym- 
posium on Steroid Hormones and Sex Differentiation in 
Vertebrates; Grand Ballroom, Statler. 

Zoological and Botanical Sciences 

FGl American Microscopical Society —4: 00 p.m.; An¬ 
nual Business Meeting; Parlor 8, Statler. 

FGll Society for the Study of Evolution —1:00 p.m.; 
Business Meeting of Society; Boom 902, Scherinerhorn 
Hall, Columbia. 2:00 p.m.; Session; Room 902, Scher- 
merhorn Hall. 


Concurrent Session 2, Fungicides and Methods of Appli¬ 
cation; Oak Boom, Martinique. 1:30 p.m.; Concurrent 
Session 3, Virology; Gold Boom, Martinique. 1:30 p.m.; 
Session 4, Council Meeting; West Boom, Martinique. 

G$ Botanical Society of America —2:00 p.m.; Con¬ 
current Session 1, General Section; Colonial Boom, Me- 
Alpln. 2:00 p.m.; Concurrent Session 2, joint meeting 
of Microbiological Section with Mycologictd Society of 
America; Green Boom, McAlpin. 

07 Myoological Society of America —1:30 p.m.; Con¬ 
current Session 1, joint meeting with the American Phy- 
topathological Society; Crystal Boom, McAlpin. 2:00 
p.m.; Concurrent Session 2, joint meeting with Microbi¬ 
ological Section of Botanical Society of America (Session 
2); Green Boom, McAlpin. 

Social and Economic Sciences 

K Section on Social and Economic Sciences —2:30 
p.m.; Joint Session with Econometric Society; Topic: 
Economics and Technology; Production Functions; Gov¬ 
ernor Room, Governor Clinton. 

K4 American Sociological Society — 1:15 pjn.; Con¬ 
current Session 1, Opportunities for Social Research in- 
the 1950 Censuses; Gold Boom, Manhattan Center. 1:35 
p.m. ; Concurrent Session 2, Experimental Study of Small 
Groups; Masonic Boom, Manhattan Center. 1:15 p.m.; 
Concurrent Session 3, Human Ecology; Lounge, Manhat¬ 
tan Center. 

K6 Econometric Society —2:30 p.m.; Joint Session 
with Section K; Topic: Economics and Technology: Pro¬ 
duction Functions; Governor Boom, Governor Clinton. 

K7 Metric Association —2:30 p.m.; Annual Meeting; 
Society’s Suite, Governor Clinton. 

History and Philosophy of Science 

L, H, and L2 Section on History and Philosophy of 
Science; American Philosophical Association; and Phi¬ 
losophy of Science Association —2: 00 p.m.; Joint Pro¬ 
gram; Panel Boom, New Yorker. 

Medical Sciences 

N2 Swfcwofiott on Dentistry —2:00 p.m.; Session; El 
Patio, McAlpin, 

Agriculture 

O Section on Agriculture —2:00 p.m.; Symposium on 
Whither Soil Conservationf; Ballroom, McAlpin. 

Education 

Q3 The Federation of Scienoe Teachers Associations 
of New York City—* Series of Field Trips; for details, 
see Booth of Federation, New Yorker. 


Botanical Sciences ScA *" c * ** ***** 

Trip to Boyoe Thompson In«titut« for Plant Be.earch X8 The Academy Conference— 2:S0 p.m.; Session; 
—1:80 p.m.; 'BuM leave Hotel McAlpin; «turn 5:80 Parlor A, New Torker. 

? C2 "fern Society— 3:00 p.m.; Seeoion; Blue Friday Kv«ing, Decent** JO 

Boom, MeAlpip. *M*ee>WMe 

Q3 .dmefieoii Phytopathologies Society—1:30 p.m.; Academy Conference —6:00 pjm.; AcadeinyCouf erenoe 
Commrrent Seeolou 1, joint mooting with Myeologieal Dinner; Plaoe to be announced. 

Society of Atnotlcnj CryVtal Boom, McAlpin. 1:30 p.m.; AAAS Section P —8:00 p.m.; Sytnpoatam on The 
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Kinsey Report and Its Contributions to Related Fields; 
Grand Ballroom, Statler. 

Chemistry 

C Section on Chemistry — 7:15 p.m,; Session; Key¬ 
stone Boom, Statler, 

Zoological Sciences 

F Section on Zoology —8:00 p.m.; Symposium on The 
Kinsey Report und Its Contributions to Related Fields; 
Grand Ballroom, Statler. 

Zoological and Botanical Sciences 

FQ4 American Society of Naturalists —8:00 p.m.; 
Annual Meeting, Presidential Address; Parlor 1, Statler. 

Social and Economic Science* 

K7 Metric Association —0:30 p.m.; Board Meeting 
and Pinner; Society’s Suite, Governor Clinton. 

History and Philosophy of Science 

L f LI, and L2 Section on History and Philosophy of 


Science; American Philosophical Association; and Phi¬ 
losophy of Science Association —8: 00 p.m.; Joint Pro¬ 
gram; Panel Room, New Yorker. 

Medical Science* 

N2 Subsection on Dentistry —7:30 p.m,; Dinner and 
Informal Round Tublo Discussion; Blue Room, McAlpln. 

Science^n General 

X8 The Academy Conference —0:00 p.m.; Academy 
Conference Dinner; Place to be announced. 

Saturday Morning, December 51 
ChemUtry J 

C Section on Chemistry —8:30 a.m.; Session; Key¬ 
stone 1 Room, Statler. 

Saturday Noun and Afternoon, December 31 
Chemistry 

C Section on Chemistry —1:30 p.m.; Session; Key¬ 
stone Room, Statler. 


Annual Science Exposition 


The AAAS Annual Science Exposition i* located in the 
Penn Top and adjacent Salle Modern©, large room* on the 
18th floor of the Hotel Statler. From the hotel lobby, the 
Exposition i* readily reached by eatpre** elevators which 
are marked 10-18, 

Admission to the Annual Science Exposition is open to 
all adults attending the Meeting. During periods of con¬ 
gestion, if necessary, admission will be restricted to 
registrants and invited guests with admission coupons. 
Limitations of space make impossible the admission of 
children. The evening of Wednesday, December 28, has 
been set aside, primarily, for New York high school 
seniors who arc serious science majors and have tickets. 

Hour* of the Annual Science Expodtion 

Monday, December 20 . 2: 00 p.m. to 6: 00 p.m. 

Tuesday, December 27 . 9: 00 a.m. to 9: 00 p.m. 

Wednesday, December 28 . 0: 00 a.m. to 9: 00 p.m. 

Thursday, December 29 . 9: 00 om, to 0: 00 p.m, 

Friday, December 30 .. 9; 00 a.m, to 6: 00 p.m. 

Saturday, December 31. 9: 00 a*m. to 12 noon 

Special Exhibits 

Technically not a part of the Annual Science Exposi¬ 
tion, but associated with it, are: 

1, The Annual International Photooraphy in-Sci- 
knge Salon, sponsored by The Scientific Monthly and the 
Smithsonian Institution. This is located on the walls of 
the part of the Salle Mod erne that houses the Visible 
Directory of Registrants. This outstanding exhibition of 
175 color and black and-white prints is described under 
AAAS Priae Awards. 


2. The Fifth Open Exhibit of Technical Photogra¬ 
phy, sponsored by the Photographic Society of America, 
This is located on one wall of the short corridor connect¬ 
ing the Penn Top and the Salle Moderne. Some 25 ac¬ 
cepted prints, which represent only the Technical Division 
of this large 1949 P.S.A. Exhibition of Photography, are 
on display. Previously, these were shown at the City Art 
Museum, St, Louis, October 3 7-November 1. 

3. The Exhibit of the U. S. National Bureau of 
Standards. This occupies the other wall of the corridor 
connecting the Penn Top and the Salle Moderne, and con¬ 
sists of three parts, entitled: 

Unification of Screw Threads —An accord was reached 
between the United States, Great Britain, and Canada to 
promote commerce between these nations by the stand¬ 
ardisation of threaded parts for greater interchange¬ 
ability of products; filectron Optical Shadow Method —A 
technique developed at the N.B.S. provides a valuable new 
tool for the quantitative study of electrostatic and mag¬ 
netic fields of extremely small dimensions; An Atomic 
standard of Frequency and Time —A new, primary stand¬ 
ard of frequency and time developed at the National 
Bureau of Standards is based on the constant natural 
frequency associated with the vibration of the atoms in 
the ammonia molecule. 

Exhibits in the Annual Science Exposition 

An exhibition of the latest and best in scientific books, 
instruments, and materials, by firms that produce or dis¬ 
tribute such essential aids to science, has been a feature 
of the meetings of the Association for many years. Per¬ 
haps the first exhibition of the AAAS ahould be 

established as the one held in conjunction with the 79th 
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Meeting in Washington, D. C. f 1924. There were, how¬ 
ever, exhibits in preceding years. Represented were such 
pioneers as the American Optical Company, Bauseh and 
Lomb Optical Company, Central Scientific Company, East¬ 
man Kodak Company, General Biological Supply House, 
Inc., E. -Leitz, Inc., and Ward’s Natural Science Estab¬ 
lishment, Inc.—all of whom, incidentally, are in the 1949 
Annua) Science Exposition, The continued participation 
of these concerns, and of many others who have come to 
exhibit regularly, clearly indicates that the Exposition is 
of mutual advantage to the scientists in attendance and 
to the exhibitors. 

This yenr some 70 exhibitors, including a gratifying 
number of companies new to this Exposition, are occu- 
piuitN of the 80 booths. They fill all the available space 
(there were la to-comers that, unfortunately, could not be 
accommodated ). All exhibitors have invested funds, time, 
and effort to set up their exhibits and to man their booths 
during the convention week. They are glad to have an 
exceptional opportunity to meet customers in person, to 
benefit from the experience of those who consume their 
products, and to learn of new needs which they may be 
able to till. Those who provide the tools of science also 
advance science. As crowded as the week is, nearly every 
one will find time to see the Annual Science Exposition of 
1949. 

This year the Exposition is unusually compact and con¬ 
venient—but., necessarily, the aisles are narrower than 
ideal. For this reason, all are asked to enter the Penn 
Top —which has two long aisles, thus four rows of booths-^ 
and to leave through the Salle Modeme, which houses 19 
booths, the Visible Directory, and the Photography-in- 
Sclouco Salon. 

The exhibitors and short descriptions of their exhibits 
follow in alphabetical order: 

AAAS. New Member Service — Science—The Scien¬ 
tific Monthly, (Booth located in main corridor, acroae 
from main Registration.) There are personal advan¬ 
tages in joining the Association. Every person in attend¬ 
ance at the 116th Meeting who is not a member of the 
AAAS is cordially invited to visit the New Member Ser¬ 
vice for information concerning the Association. Since 
its founding, in 1848, the Association has admitted to 
membership not only professional scientists but also other 
men and women who have a general interest in science, 
who wish to Keep informed of the progress Of science, 
and who would like to support the high purposes of the 
one organization that represents all science. 

Included in the annual dues of $0.50 (for 1950), each 
member has a choice of a year of Science, the professional 
scientist's newsweekly, or The Scientific Monthly (or 
both , for an additional $3.50). Free sample copies of 
these two publications will be distributed. Members of 
the AAA8 are requested to nominate fellow scientists for 
membership, and all not familiar with both magazines 
are invited to visit this booth. Prospective advertisers 
may obtain sample copies of the magazines and fate cards. 

Academic Press, Inc. (Bdeth 1A). It is the aim of 
Academic Press to aid research workers in the various 


fields of science in keeping abreast of all recent develop¬ 
ments. Visitors stopping at the Academic Press display 
will find an array of books intended to fulfill this pur¬ 
pose. They will note the “Advances" series which have 
become well established and are published yearly. Chem¬ 
ists, biochemists, and biologists alike will bo able to peruse 
reviews in their special spheres of interest, while physi¬ 
cists and mathematicians may browse through publica¬ 
tions of such Nobel Prize winners as Sommerfeld and von 
LnuA Those active in industry and the teaching pro¬ 
fession alike will not want to miss Foigl’s new book, 
Chemistry of specific , selective and sensitive reactions , or 
Foster’s CheTnioal activities of fungi, and a great many 
others* A atop at the Academic Press exhibit will also 
acquaint members and friends of the AAAS with future 
publications scheduled for the coming year. 

Aero Service Corporation (Booth 76). Relief maps— 
formed in lightweight, durable plastic—aro the new 
teaching aids exhibited by Aero Service Corporation. 
A portfolio of 12 U. 8. Geological Survey quadrangles, 
representing typical physiography in the United States, 
will bo shown. Selected by leading educators, these 
quadrangle portfolios are now' in use in nearly 300 col¬ 
lege geology and geography classes. Each quad, 17 by 
22 inches in size, weighs only 4 ounces. Additionally, a 
handsome 9-color relief mup of Venezuela will be ex¬ 
hibited. Its scale is 1:1,250,000; its size, 45 by 50 
inches; its weight, only 2 pounds. These maps have 
been distributed to many Venezuelan schools und govern¬ 
ment agencies by Creole Petroleum Corporation. In 
production is a new plastic relief map of the United 
States in 11 colors. Its size w r ill be 04 by 40 inches: its 
weight, less than throe pounds. It will give the American 
student of any age r vivid, accurate understanding of 
his country’s physiography. 

Albino Farms (Booth 19). The Albino Farms, P. O. 
Box 331, Red Bank, New Jersey, will exhibit their labora¬ 
tory animals which are bred on their farms. The animals 
will consist of Swiss White Mice, White Rats, C 57 Mice 
and Hamsters. Cages will be used to house the animals 
and are expected to be placed in a position so that the 
convenience of the members will be assured. A represen¬ 
tative will be ori hand at all times to answer inquiries 
relative to the animals being displayed. Those members 
wishing to discuss the problems pertaining to the animals 
may ask to see Mr. M. L. Wachtel, who is qualified in this 
regard. All members are invited to visit our exhibit, 
and it is the desire of the Albino Farms to see to it that 
you become acquainted with us and our purpose to serve 
science in all its relationships with our animals for com¬ 
parable and exact results by meeting exact specifications 
desired by the scientific fields. 

American Bobk Company (Booth 14). American 
Book Company, publishers of school and college textbooks, 
has on display a representative selection of its newer and 
active publications in the field of science. Featured at 
the exhibit is advance proof of the eighth edition of 
Gray's Manual of botany which has been in preparation 
for over 20 years and the publication of which is eagerly 
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awaited by the profession. Included in the exhibit is a 
copy of the first edition—a rare collector’s item—as well 
as copies of the succeeding editions published over the 
interval of a hundred years. Containing some 1,600 pages 
with over 1,800 illustrations, almost wholly rewritten, 
chiefly by Professor Merritt Lyndon Fermi Id, with three 
genera revised by their greatest living masters, the book 
contains about 8,000 species and varieties. The publica¬ 
tion of this book is an event of major importance in the 
history of education and in educational publishing. 

American Cancer Society, Inc. (Booths 59 and 60). 
American Cancer Society—Organization and Program ; 
Under a diagram showing the organization of the Amer¬ 
ican Cancer Society, the various aspects of its program, 
including education, service, research, and Field Army 
activities are portrayed by means of three-dimensional 
figures and illuminated drawings. Bide panels show can¬ 
cer centers by state in relation to population and the dis¬ 
tribution of funds. Charles 8. Cameron, Ml)., Medical 
and Scientific Director. 

American Instrument Company, Inc. (Booth 81). 

The American Instrument Company will exhibit: Electro¬ 
phoresis Apparatus. . . . The most advanced and com¬ 
plete electrophoresis laboratory housed in a compact and 
portable unit for research and routine work; Rotary War¬ 
burg Apparatus. ... New and improved design for 
microreepiratioa studies; Coleman Spectrophotometer. 
. . . Truly universal, 5 instruments in one—spectropho¬ 
tometer, photofluorometer, nephelometer, titrator, and 
sensitive galvanometer; MacBeth pH Meter. ... A new 
dual titration meter and pH meter of utmost sensitivity 
and flexibility; Automatic Pipetting Machine. . . . For 
delivering accurately measured quantities of liquids (0.05 
to 00-ml volumes) into ampoules, vials, etc.; Constant 
Temperature Bath* . . . For close, dependable temperature 
control; Waring Blender. . . . The speediest and most 
efficient device for the preparation of extractions, suspen¬ 
sions, and emulsions; Micro Kjeldahl Apparatus. . . . 
Electrically heated, for micro and semimicro digestions 
and Boxhlet extractions. 

American Optical Company (Booths 53 and 54). 
The Instrument Division of the American Optical Com¬ 
pany will display several new instruments. The new lab¬ 
oratory microscopes, either with or without attached sub- 
stage illuminators, are more rigid and one-third lighter 
than previous models, .and much imp loved in design. The 
MC DoUneaaeope is a three-purpose projector for 2 in. x 2 
in. slides and single or double frame slidefllm. The 
Scholar's Microscope, with a built-in light source, is 
smaller and more convenient than most school models, 
and is practically foolproof, even for the beginning 
microscop 1st. A simplified stereoscopic microscope with 
a double nosepiecc and platen stage is less expensive but 
of the some optical quality as other Spencer microscopes. 
The electronic drive Microfilm Header enlarges 16-mm 
microfilm conveniently. The Phase Microscope, the 7$5 
Microscope Lamp, the Bb-Meter, polarizing aad metal¬ 
lurgical microscopes, microtomes, colorimeter, refractom- 
eteV, and the OK Auditorium Dettueascope also will be 
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shown. Representatives W. F. Butler, W. E. Folland,, 
G. W. Frid, and Q. E. Schaefer will be in attendance to 
discuss any optical questions presented. 

American Tobacco Company, Inc. (Booths 31 and 

32). The exhibit of the American Tobacco Company’s 
Research Laboratory, Richmond, Virginia, will stress the 
role of technology in the selection and processing of 
tobacqp, as well as the manufacture of tobacco products. 
Samples of the more important tobacco types and a 
variety of compounds which have been identified in 
tobacco will be displayed. Each sample will be suitably 
labeled and described. In addition, a short sound movie 
will cover some' of the activities withiii the laboratory 
and will include references to the progress of research 
in the tobacco industry. Mr. O. L. IlJllsman and Mr. 
J. M. Moseley will be in attendance. 

Apple ton-Century-Crofts, Inc. (Booth 50). Apple- 
ton-Century-Oof Is, Ink, enters, in I960, its 125th year 
of book publishing. The present firm was established in 
1948 as the result of the merger of D. Appleton-Century 
Company, Inc., established in 1933, and F, 8 . Crofts & 
Co., founded in 1924. I). Appleton-Century Company, 

Inc., was itself the result of the merger of The Century 
Co., founded in 1870, and D. Appleton and Company, 
founded in 1825. These famous publishing houses have 
been distinguished for thoir contributions to education, 
particularly in the areas of the sciences. Among the 
hooks exhibited at the Appleton-Century-Crofts booth in 
the Annual Science Exposition are outstanding college 
textbooks, by noted authorities, in the fields of anthro¬ 
pology, astronomy, biology, botany, chemistry, educa¬ 
tion, general science, geology, mathematics, medicine, 
a id psychology. Many of these books have become 
standard' texts in their fields. All of them are in use 
in universities and colleges throughout the country. 

Bausch and Lomb Optical Company (Booths 47, 48, 
and 49). At the Bausch and Lomb booths, visitors will 
have an opportunity to examine and use many of the 
latest B & L developments in the scientific instrument 
line. These instruments will include the new Research 
Microscope, Model E, with low position, fine adjustment, 
and latest developments in Phase Contrast Microscope 
Accessories and Microscope Illuminators. The recently 
introduced Student Microscope, Wide Field Stereoscopic 
and Polarizing Microscopes with five-axis Universal stage 
will be shown. Visitors who bring their own microscope 
slides will Have an opportunity of examining them with 
these new instruments. Photomicrographcrs wilt be able 
to see and operate the new photomicrographic equipment, 
Model L, which is adaptable over a wide range of mag¬ 
nification and specimen selections. The new ' * Abbe-56 ’' 
Refractometor will be a featured instruments the die* 
play of rcfractometcrs and spectroscopes which are useful 
teaching aids in physics and chemistry, as well am for 
research and laboratory work. 

Biological Abstracts (Booth 78). A cooperative,'non¬ 
profit journal publiriied % MelogistS for biologists, 
logical Abstracts is the only abstracting and indexing 
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service in the world that affords an adequate coverage 
of the literature in all fields of biology. Currently ab¬ 
stracting upward of 3,000 journals, the coverage is being 
expanded as rapidly as possible to include many more 
European, Scandinavian, and Asiatic journals thnt are 
not available to the Scientists of this country. 

As well as the complete edition, Biological Abstract* 
also is published in nine low-priced sectional editions that 
were specially designed for individual biologists who are 
interested only in one or more closely related fields. 
These sectional editions, and the complete edition, will 
be on display—and the Editor-in-chief and Business Man¬ 
ager will be in attendance to welcome visitors and furnish 
information. Stop in at Booth No. 78 and see how one 
scientific journal has solved the high cost of printing. 

Bioscope Manufacturing Company (Booth 34). The 

Bioscope is an instrument designed primarily for class¬ 
room projection of microscopic material. It may either 
take the place of microscopes or simplify and speed up 
the use of microscopes. This instrument projects micro 
scopic material downward on a table or on u wall screen 
where a large group may study the subject and have par¬ 
ticular parts actually pointed out to them. Many teach 
era say the Bioscope, which costs less than one micro¬ 
scope, has the teaching value of a dozen microscopes. 
Standard equipment includes one 36x projection lens, one 
8x wide field projection lens, lifetime transformer and 
polarizing attachment. Height 24 inches, weight 12 
pounds. 

Blakiston Company (Booth 4). Come by the Blakis- 
ton Company's booth to see Bchmalhauson*s Factor* of 
evolution and Oates's Pedigrees of Negro families t both 
new contributions to their fields; Lee's Fade Mecum, 
internationally known as the outstanding work on histo¬ 
logic technic; Suckling's Examination of water supplies; 
Newton's Recent advances in physiology; Emerson and 
Shields' Laboratory and field exercises in botany, which 
can be used with any standard text, but which with Emer¬ 
son 's Basic botany gives a unique coverage of the field for 
freshman students; and don't miss seeing Blakiston's 
New Gould medical dictionary— the first completely new 
unabridged medical dictionary in 38 yeant—-contains hun¬ 
dreds of new words, including terms used in biology, 
Iratany, pharmacy, medical physics, and chemistry, An 
anatomical atlas with 252 illustrations, 129 in color, 
makes this the most complete, most useful research tool 
available. 

Bussey Products Company (Booth 21). Bussey 
Products Company presents its complete line of lab¬ 
oratory cages for small animals as well as feeding and 
watering devices. Sample cages fpr mice, rats, hamsters, 
guinea pigs, rabbits, and monkeys are displayed. Bus¬ 
sey's popular * * Permaweld '' process is featured in these 
cages. All laboratory equipment shown is available for 
immediate shipment. 

^ Inc* (Booth 56) . 

Of intereet to scientists in many delds, important develop- 
weutain Cambridge instruments ^re presented. For use 


in measuring radioactive emission, Cambridge shows its 
Precision Ionization Meter (Failla Design), 11 Chang & 
Eng" Fast Neutron Detector, Lindemann-Ryerson Elec¬ 
trometer which incorporates improvements developed by 
the RyeTBon Laboratory during the recent war, and the 
Cambridge Pocket Gamma-Ray Dosimeter with Charging 
Unit. For use in medicine, Cambridge exhibits two port¬ 
able Electrocardiographs, its *‘ Simpli-Trol' ’ model Stand¬ 
ard String Galvanometer instrument and Its “Shnpli- 
Scribe" Direct Writer. The Cambridge exhibit also in¬ 
cludes: the multipurpose combination model Cambridge 
Surface Pyrometer with three interchangeable thermo¬ 
couples. Cambridge Research pH Meter which uses an 
electron-ray null-point indicator in making precision de¬ 
terminations ; sensitivity .005 pH, reproducibility .01 pH. 
The sturdy and inexpensive Cambridge Pot Galvanometer, 
a combined pointer and reflecting galvanometer for gen¬ 
eral and student use. 

Canadian Radium and Uranium Corporation (Booth 

75). The Seederer-Kohlbusch Microbalance is being ex¬ 
hibited. Resembling the conventional analytical balance 
in appearance, the instrument contains a small radioactive 
source, mounted upon the beam. Any movement of tide 
latter registers as an unbalance in the two halves of a 
split ionization chamber, connected in opposition. The 
final significant figures nro read directly upon the output 
meter of a vacuum tube electrometer. A Bensitivity of 
10~" gm is attained, with a reproducibility on the order 
of one microgram. 

Another new development to be demonstrated is the 
‘ 4 Telicon "; an instrument by means of which radiation 
fields may be viewed in relation to their sources and other 
nearby objects. Phenomena such as the rarefaction and 
compression zones of sound waves, and the scatter and 
absorption of radium gamma radiation are clearly visible. 
The exhibit includes a number of photographs of various 
radiation field phenomena, photographed by means of this 
instrument. 

Carolina Biological Supply Company (Booth 33). 
The Carolina Biological Supply Company of Elon College, 
North Carolina, and Wnubun Laboratories of Schrievor, 
Louisiana, will be represented at the Annual Science Ex¬ 
position by an attractive and interesting exhibit. The 
exhibit will include biological materials from the culture, 
slide, preserved materials, and other departments, to il¬ 
lustrate the most up-to-date methods of cultivation of 
microorganisms, the preparation of microscope slides, and 
the preservation and injection of macroscopic specimens. 
Several processes will bo completely demonstrated, thus 
Serving to illustrate routine practices in our laboratories. 
A staff of professional biologists will be in charge of the 
exhibit and will off or a complete biological materials in¬ 
formation service. Literature, including teaching aids, 
will be available free of charge to those viewing the ex¬ 
hibit. Wo extend a cordial invitation to you to visit with 
us in our booth, 

Fred 8. Carver Inc, (Booth 27). We will exhibit the 
new model of our standard tOn-toti Carver Laboratory 
Press. The new model incorporates certain refinements, 
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modifications and changes, but is basically the same stand¬ 
ard equipment which has been accepted as standard lab¬ 
oratory apparatus by government laboratories, colleges, 
universities, and research institutions all over the world. 
The press will be shown with its standard accessories for 
numerous pressing tests in the biological, chemical, phys¬ 
ical, and mechanical fields. One of the unique features 
of this equipment is the Carver standard accessories avail¬ 
able for optional use. Those provide means for handling 
numerous materials for some 60 general applications of 
small-seale pressing tests. We will also have on display 
a museum collection allowing samples of work done by 
users with the Carver Laboratory Press. Samples will 
include plastic molded items; laminations; pressed oils 
and liquids; extracts; briquetted items, metallographic 
mountings; crushing, breaking, and shear test specimens; 
etc. 

Central Scientific Company (Booths 28 and 29). The 

Central Scientific Company exhibit will feature a new line 
of Ceiico D.C. measuring instruments including Wheat* 
stone Bridges, Potentiometers, Volt Boxos and Resistance 
Boxes; a new Preasovac Pump for vacuum only, guaran¬ 
teed to produce 25 microns ; the new Oenco Titration-pH 
Stand and Apparatus; the Cenco Electronic Electrometer; 
new All-Metal Slide Rule; the Cenco Anthropometer; a 
new laboratory model Radiation Meter; Synchronous 
Motor Drive Laboratory Timer; new Adjustable Labora¬ 
tory Tripod; Fluorescent Mineral Kit with Ultraviolet 
Lamp and many other new instruments of interest to 
scientists. 

Cinchona Products Institute, Inc. (Booth 7). A 

display showing colored illustrations of malaria plas- 
modm, pictures of the cinchona plantations in Java, the 
major research projects carried on in universities and 
medical schools here and in Holland. Literature on the 
use of cinchona alkaloids as well as the book Cinchona 
in Java will be available for free distribution. 

Coreco Research Corporation (Booth 5). Featured 
will be the Coreco Automatic Color Camera, Model #300. 
The 11 Coreco 99 Camera is designed to photograph all 
surface areas of the body—from 1-to-l close-up pictures 
to half-body size—and all cavities of the human body, 
such as mouth, throat, ear, nose, vagina, and rectum. The 
camera carries its own specially developed, fully color- 
corrected bulb and a mechanism for complete control of 
its color, temperature, and exposure within the camera 
itself. There is an automatic view finder synchronized 
with the automatic camera mechanism to permit viewing 
until a fraction of a second before exposure. The camera 
provides for automatic focusing. An x-ray film appli¬ 
cator is included, making It possible to record all sizes 
and densities of x-ray film on Kodn chrome transparencies. 

Thomas Y. Crowell Company (Booth Id). The 
Thomas Y. Crowell Company, publishers of books, will 
present a display of its college texts and reference books 
at the Annual Science Exposition, December 28-31, New 
York City. Those are largely in the fields of chemistry, 
geography, anthropology, biology, and the social sciences. 


Featured in the Crowell Booth will be a new introductory 
biology text by William Etkin, the newly revised Intro¬ 
ductory college chemistry (2d edition) by Joseph A. 
Babor and Alexander Lehr man—both books scheduled for 
publication early in 1950—and the recently revised Ex¬ 
perimental general chemistry (2d edition) by J. W. Neck- 
ers, T. W. Abbott, and K. A, Van Lento. Copies of these 
new books will be available for inspection. Over thirty 
other tooks will be on display. Among them will be such 
recently published texts as World political geography by 
G. Etzel Pearcy, Russell H. Fifleld and Associates, Man 
in environment: An introduction to sociology by Paul 
II. Landis, and General anthropology bjr Harry Holbert 
Turnoy-High, The list will include, as well, Spanish 
translations of several Crowell texts in the science field. 

Denoyer-Geppcrt Company (Booth 24). Denoyer- 
Geppert Company will have on display eight of the new 
Kampmeier Anatomy Charts, a rather wide selection of 
models for anatomy and biology, some demonstration and 
museum preparations, and a selection of imported wall 
charts for zoology and comparative anatomy. We wish 
to call special attention to the Kampmeier Anatomy 
Charts, which include systems heretofore not presented in 
large size chart form such as the lymphatic system, uro¬ 
genital system, and the topography of organs in male and 
female. A portion of our exhibit will be devoted to the 
display of Kodachrome slides covering many fields of the 
biological sciences. We shall be pleased to have the op¬ 
portunity of consulting with you in the selection of sus¬ 
tained-use visual teaching aids best suited to your par¬ 
ticular requirements and look forward to your visit to 
our exhibit. 

Eastman Kodak Company (Booths 17 and 18). On 

exhibit by the Eastman Kodak Company are photomicro¬ 
graphs illustrating the use of photography in auto¬ 
radiography, nuclear physics, and other fields of science. 
Projection apparatus is available for examining auto¬ 
radiographs and nuclear events in photographic plates. 

Encyclopaedia Britannica (Booth 71). On display 
will be the latest printing of the oldest, most honored, 
and most widely read encyclopaedia in the English lan¬ 
guage. Encyclopaedia Britannica is the product of more 
than 4,000 eminent contributors representing the world's 
great authorities in every field of knowledge from sixty-V 
two different countries. Exhibitors will explain Encyclo¬ 
paedia Britannica continuous revision policy, and how 
the Britannica owner of today is kept up to date with 
the Britannica book of the year t a one-volume, annual 
encyclopaedia of approximately a million words and 
written by many of the same, world-famous contributors. 
T^hla basic reference woTk of technical and professional 
men and women for more than 180 years is now indexed 
with half a million references and cross references, and is 
a part, of Britannica's Ten-Year Program, which includes 
research services and other features of inestimable value. 
Be sure to visit this interesting Britannica exhibit, where 
you may inspect the latest, 1949 copyright. You will 
receive a colorful booklet which tells yon more about 
Encyclopaedia Britannica. 
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Gamma Scientific Company (Booth 44). The Gamma 
Exhibit will feature a variety of scientific instruments 
and laboratory apparatus such as Micro Balance, Rapid 
Industrial Balance, Chemical Micro Manipulator, Photo¬ 
micrographic Camera, Metallographie Microscope, Polar- 
imotcr, Befraetometor, etc. We cull your special atten¬ 
tion to the Oertling Micro Balance made in England and 
recently introduced in this country. This balance actu¬ 
ally permits reproducible readings to .001 mg. All 
models shown are either being exhibited for the first 
time or represent design improvements introduced within 
the last year. 

General Biological Supply House, Inc. (Booths 63 
and 64). The exhibit of General Biological Supply 
House, Inc. will include a wide range of teaching ma¬ 
terials for the biological sciences. Living forms, such as 
Volvox, Pandorina and other flagellates, will be shown 
through mi crop rejection. New unbreakable rubber ana¬ 
tomical models will be displayed, oh will be many new 
biological charts. Microscope slides and Kodachrome 
lantern slides will be available for examination and for 
projection. The exhibit will also include many living 
and jireserved plant and animal specimens, and the latest 
developments in field collecting equipment. 

Grune and Stratton, Inc. (Booth 80). Among tho 
many books in the scientific and medical fields published 
by Grune & Stratton, the following recent publications 
will be of particular interest to those attending tho con¬ 
vention: Linker., Physiology of the eye, Volume I: Op¬ 
tics, which will be followed shortly by two more volumes 
dealing with physiology of vision and biochemistry of the 
eye; Penrose, Biology of mental defect ; Vannotti and 
Dalachaux, Iron metabolism and its clinical significance; 
Kappaport, Rapid micro chemical methods for blood and 
cerebrospinal fluid examinations ; Ponder, Hemolysis and 
related phenomena; Davis, Shock and allied forms of 
failure of the circulation . Advance materiul on a new 
periodical, Circulation, the journal of the American 
Heart Association, will be available as well as recent 
issues of .Blood , the journal of hematology, and tho sev¬ 
eral important special issues of Blood . 

Harper & Brothers, Publishers (Booth 46). On dis¬ 
play will be the new and standard publications of Harper 
& Brothers and their medical department, Paul B. 
Hoeber, Inc, The majority of the titles featured in the 
exhibit are selected texts and reference books from tho 
fields of botany, zoology, medicine, geology, mathematics, 
engineering, chemistry, psychology, sociology, and educa¬ 
tion. Also available for examination are recent popular 
books of special interest to the scientist and to the edu¬ 
cated layman. Representing the company at the booth 
will be Kenneth B. Demaree, Robert G. Hawley, Paul B. 
Hoeber, Jr., and Edward W. Nichols. 

International Business Machines Corporation 
(Booths II, 12, and 13). International Business Ma¬ 
chine* frill display its new electronic Card-programmed 
Calculator, which is its latest commercially produced 
equipment for the solution of problems involving se¬ 


quence calculations in the fields of engineering, applied 
and theoretical science, as well as business and industry. 
This equipment makes possible tho economical solution at 
high speeds of extensive problems which have hitherto 
been impractical for many scientists or organizations. 
The IBM exhibit will be manned by personnel who can 
discuss the application of thiB and other IBM calculating 
equipment to problems in many fields faced by scientists 
attending the convention and exposition. Also of inter¬ 
est will be the recently announced Electronic Statistical 
Machine, which is noteworthy because, simultaneously, it 
sorts, counts, accumulates, balances, edits, and prints sta¬ 
tistical information. Built with small or large capaci¬ 
ties, the IBM Statistical Machine provides a means of 
obtaining many types of comprehensive statistical anal¬ 
yses in minimum time. Representatives will also be on 
hand to discuss the entire line of IBM Electric Punched 
Card Accounting Equipment as applied to various fields 
of science and industry. Also displayed will be the IBM 
Electric Typewriter and IBM Electronic Self-regulated, 
Time Indicating, Recording and Signaling Systems. 

Jarrcll-Ash Company-National Spectrographic Lab¬ 
oratories, Inc. (Booth 38). Tho optical laboratory in¬ 
struments which Jarrell-Asb Company are exhibiting will 
feature equipment manufactured by Hilgor & Watts, 
Ltd., Xiondan, England, and will include a complete outfit 
for emission spectrochemical analysis, ultraviolet and in¬ 
frared monochromators and probably ultraviolet and in¬ 
frared spectrophotometers and a Raman spectrograph 
with source unit. A new polarimeter reading to *001° 
and a refractometer reading to .00001, both with glass 
scales, will be displayed. Jarrell-Ash will demonstrate 
a new Baker phase contrast microscope in which the con¬ 
denser diaphragm stop remains the same for all objec¬ 
tives. There will also be the new Cooke Universal micro¬ 
scope, A. O. polarizing microscope and photomicrographies 
equipment. An Oertling balance with projected scale, 
reuding from .1 mgm. to 1 gram without opening the case 
will be shown. There will be an assortment of x-ray 
cameras. Technical personnel will be on hand to demon¬ 
strate the equipment. In attendance will be: Richard E. 
Ashley, Richard P. Jarrell, Howard A. Morrison, Jr., and 
J. Albert Bud den. 

Kahl Scientific Instrument Corporation (Booth 8)» 

The Kahl Scientific Instrument Corporation Exhibit will 
include: 3—Instruments for marine research such as bot¬ 
tom grabs, underwater current meters to indicate both 
velocity and direction, plankton nets, and other apparatus 
used for limnological studies. 2—Meteorological instru¬ 
ments, primarily several new types of electric psychrom- 
eters, and mercury-amalgam thermometers ranging down 
to minus 76” P. 3—Precision Thermometers of the high¬ 
est quality and accuracy, such as Beckmann Thermom¬ 
eters, Calorimetric Thermometers, Fractional Degree 
Thermometers. 4 —High vacuum apparatus, including 
A new type mercury diffusion high vacuum pump, 3-atage 
style, with freeze-out trap. 5— A new type of gas-flow 
control apparatus, nonmeeUanJcal, which can be adjusted 
to limit the flow of gases to an infinitesimal quantity. 
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This instrument is provided with a manometer to indicate 
varying gas pressures in the system. 

E. Leitx, Inc. (Booth 52). Loitz will show its new 
Monocular and Binocular Medical Microscopes and will 
also show the well-known Research Microscope ORTHO- 
LUX, with built-in illumination, the Universal Micro¬ 
scope and Photomicrographic Apparatus PANPIIOT, 
and the Stereo-Binocular Microscopes after Greenough. 
Also exhibited will be the Low and High Power Binocu¬ 
lar Magnifiers, the Ultropak Illuminator for observation 
in reflected light, and the Micro-Projector with synchro¬ 
nous objective-condenser changer Model XI-c. Various 
photonucrographie cameras will also be shown. 

Linguaphone Institute (Booth 22). Because inter¬ 
national communication on a level of clenr understanding 
is of the greatest importance to scientists, The Lingua- 
phone Institute of* New York, publishers of home-study 
conversational language courses in 29 of the world ’» most 
important languages, is proud to exhibit at the AAA8 
meeting. At its booth, visitors can enjoy a free trial 
lesson in any language from Afrikaans to Swedish. 

J. B. Lippincott Company (Booth 51). Look to J. 
B. Lippincott Company, Philadelphia, Pennsylvania, for 
timely, practical and authoritative information—for se¬ 
lected professional books in all fields of medicine and 
allied sciences, and in education. Here is a continual 
indication of current trends and needs which serves as 
the basis for new and revised clinical volumes and text¬ 
books. Here are reports of the outstanding and signifi¬ 
cant work being done by those making very real contribu¬ 
tions to scientific progress. 

The Macmillan Company (Boothe 65 and 66). The 

book exhibit sponsored by The Macmillan Company at 
the December 1949 meeting consists of approximately 
800 titles. In addition to undergraduate and graduate 
textbooks and reference works, there will be a large num¬ 
ber of technical and scientific books of interest to the 
general reader. Books in the fields of various hobbies 
and avocations—photography, gardening, radio, outdoor 
life, and others—are represented, as are books of special 
interest to young readers. The major classifications are 
agriculture, the biological sciences, chemistry, engineer¬ 
ing, history and philosophy of science, home economics, 
mathematics, medical science, and physics. Mr. Boyd T. 
Harris, Science Editor, together with other members of 
the College Department, will represent The Macmillan 
Company at this exhibit. 

McGraw-Hill Book Company, Inc. (Booths 35 and 

36). The McGraw-Hill Book Company *s exhibit will be 
comprised of more than 800 volumes, covering every field 
of modern science. In addition to standard texts and 
reference work in all fields of natural, physical, and so¬ 
cial science, there will be numerous new and revised work 
of great importance. Specially featured will be ten or 
more volumes of the National Nuclear Energy Series, 
sponsored by the Atomic Energy Commission, ranging in 
subject matter from pharmacology of uranium com¬ 


pounds to electronic techniques in nuclear research, con¬ 
tributed and edited by the scientists who are carrying on 
the vital developments in our national and university 
laboratories. Many new texts and reference books in 
advanced physics, zoology, Chemistry, and natural history 
will also be featured. 

McGregor and Werner, Inc. (Booth 79). McGregor 
& Wetter, Inc., 1640 Connecticut Avenue, N.W., Washing¬ 
ton, D. C., ‘is a service organization working with and 
for scientific urn! technical societies and publishers. The 
entire staff of trained technicians and salesmen of the 
Corporation are.cleared to handle classified material. The 
functions the organization offers to the scientific and 
technical fields are briefly listed below. Translation*; 
All Western European languages, Russian and most of 
the Oriental and some African languages. Technical 
Writing : Instruction, operating, maintenance, and''engi¬ 
neers manuals. Editing: Editing for content, stylo, and 
for press. Cataloging : Complete cataloging services from 
the warehouse bin to the printed catalog. Indexing and 
Abstracting : Indexing for books, catalogs, and abstract¬ 
ing. Art Work; Illustration, drafting, and design in any 
medium. Copy Preparation for Of set Printing; Vari- 
Typer and Proportional Spacing Machine composition for 
rapid and economical large scale production. Printing: 
Letterpress and offset book printing, reprinting, binding, 
warehousing, and distribution. Come and see us at Booth 
Number 79. We may be able to help you solve your 
publication problems, 

G. ft C. Merriam Company (Booth 39). The G. & 

C. Merriam Company exhibit will consist of a sample dis¬ 
play of the various publications of the company which we 
list herewith: Webster’* new international dictionary , 2d 
edition, Webster’s new oollegiate dictionary, Webster’s 
dictionary of synonyms, Webster’s biographical diction ■ 
ary, Webster’s geographical dictionary (To be published 
Nov. 14, 1949), A pronouncing dictionary of American 
English picturesque word origins. In addition there will 
be displayed for distribution copies of various pamphlet 
material dealing with instruction in and the use of the 
various books mentioned above* Souvenirs will be pro¬ 
vided, 

Philip Morris and Company, Ltd., Inc. (Booth 67). 
Philip Morris and Company wUl demonstrate the method 
by which it was found that Philip Morris Cigarettes, 
in which diethyloue glycol is used as the hygroscopic 
agent, are less irritating than other cigarettes. Their 
representative will be happy to discuss researches on 
this subject, and problems on the physiological effects of 
smoking, 

The C, V. Moaby Company (Booth 42). The 0, V. 
Mosby Company of St. Louis will display its varied line of 
scientific publications. Among the recent reference and 
text releases will be the following: Anderson Pathology, 
Ackerman-Rcgaton Cancer, Kleiner Human biochemistry, 
Davison Handbook yf materia medico, toxicology and 
pharmacology, Kantor Roadbook of digestive diseases, 
Campbell Operative Orthopedics, Slocum Atlas of ampu¬ 
tations, Lee Official prejwrotiofw of pharmaoy. Ejugasi 
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TAs doctor and patient and the law, Francis Introduc¬ 
tion to human anatomy, Zoethout Introduction to human 
physiology , Zoethout'Tuttle Textbook of physiology, Ar¬ 
no w-Reitz Introduction to organic and biological chemis¬ 
try, Whiteford-Coffin Essential# of college chemistry , 
Authouy Anatomy and physiology laboratory manual, 
Vogel Anatomy and physiology laboratory manual, and 
Flitter Introduction to applied physics . Visitors attend¬ 
ing the A A AS meeting are cordially invited to look over 
these and other scientific publications on display. 

National Geographic Society (Booth 23). The ex¬ 
hibit of the National Geographic Society will feature the 
display of a selection of natural color slides by automatic 
projector. The slides cover National Geographic expedi¬ 
tions and were selected from illustrations by staff pho¬ 
tographers of the National Geographic. 

National Spectrographic Laboratories, Inc. (Booth 
70). The National Spectrographic Laboratories * repre¬ 
sentatives will be prepared to discuss the analysis of agri¬ 
cultural materials such us plant tissues and soils and 
biological samples for their metallic element contents, 
('harts for the correlation of nutrient balance in plants for 
ten elements will be shown. Arrangements may Ik? made 
with the National Spectrographic Laboratory representa¬ 
tive for the analysis of your materials in their laboratory. 
Spectrographic equipment will be shown jointly with the 
Jarrell-Ash Company in Booth No. 38. 

New York Scientific Supply Company, Inc. (Booth 
45). The exhibit of the New York Scientific Supply 
Company, New York, New York, will feature its first 
showing of Nyssco-GIo Everlasting Biological Models 
made of rubber composition, as well as Nyssco-GIo Mus¬ 
cular Skeletons. Details of preparations, colored with 
specially developed luminescent paints, are amazingly 
clear when exposed to near-violet light (black light), 
glowing vividly and brilliantly, and becoming visible in 
all parts of the room, even in diffused light. The exhibit 
will also include NyBseo Biological Charts, Transpar 
Plastic Insect Mounts, museum preparations, Economy 
Tube Life-Histories in solid media, and many other visual 
aids of interest to the natural scientist. Convention 
visitors are cordially invited to vist our building at 28 
West 30 Street, which is within short walking distance of 
the exhibit hall. 

Nuclear Instrument and Chemical Corporation 
(Booth 69). The Nuclear booth will display a complete 
line of instruments for radioactivity measurement and 
research. The display includes instruments for classroom 
teaching purposes as well as those for specialized re¬ 
search laboratories. Operating demonstrations of both 
types of instruments will be shown, as well as pocket 
size and portable dosimeters and radioactivity monitors. 
Competent engineers will be available to suggest answers 
to instrumentation problems or teaching methods. 

The Nucleonic Corporation of America (Booth 55). 
The exhibit of The Nucleonic Corporation of America will 
include Model RC-1: A compact, light weight instrument, 
combining count rate meter and binary scale of 64 with 


panel mounted register; Model RC2T: A compact, light 
weight instrument combining decade scale of 100, preset 
and elapsed timer; Model RC1B; Count Bate Meter: A 
compact, light weight instrument, with 3 ranges; 600, 
5,000, 50,000 counts per minute; Note; All of the fore¬ 
going instruments contain a high voltage supply. Other 
features on the scaling unit are: scale selection, and 
preset count, as well as provision for external pre-ampli¬ 
fication. Also included are Model RM1: Portable battery 
operated, very light weight survey meter, containing vari¬ 
able high voltage Supply used in surveying, for alpha, 
beta, and gamma radiation; Model GMlW: Geiger Tubes 
—series of mica end window tubes ranging in thickness 
from 0.7 mg. per square cm. and up, window diameter 
U"; Model GM1N; Similar to GMlW, except for 
smaller window area—30/16", used with portable lead 
shield for directional detection; and Accessories: Lead 
shields, sample holders, probes, etc. 

Pfaltz & Bauer, Inc. (Booth 56). Pfaltz & Bauer, 

Lie., Empire State Building, New York, New York, were 
established in 1900 and since have been an important sup¬ 
plier of scientific instruments and chemicals to labora¬ 
tories in the educational and industrial field. This firm 
hoB been a distributor of Beckman Instruments since 1936 
--carrying a complete stock of control instruments pro¬ 
duced by the National Technical Laboratories, maintain¬ 
ing a well equipped service department for the scientists * 
immediate needs. They are sole agents for an important 
manufacturer of Projection Reading Balances of the 
Macro and Micro Types as well as Polarimeters, Phase- 
Contrast Microscopes, Microtomes, etc. Pfaltz & Bauer 
are also manufacturers of Photo-Electric Instruments— 
the first to develop the Fluorophotometer for vitamin 
assays which today is being used by every important 
laboratory doing this type of work throughout the world. 
All of those and other instruments will be on display. 
Their shops are well equipped for development work and 
they respectfully solicit your valued inquiries. 

Philosophical Library (Booth 57). The Philosophical 
Library exhibit will consist of a series of thoir publica¬ 
tions (books). 

Prentice-Hall, Inc. (Booth 15), Visitors to the An¬ 
nua] Science Exposition are invited to examine the books 
on display at the Prentice-Hall booth. Some of the books 
on display will be the following new titles and revisions: 
Organic chemistry; Brief oourse by Ray Q. Brewster; 
Life science, 4th edition by Max W. de Laubeufels; In¬ 
troduction to psychopathology by Lawrence O'Kelly; 
Children utffli vnentoZ and physical handicaps by J. E. 
Wallace Wallin; Basic theories of physios by Peter G, 
Bergmann; and Structure and development of the verte¬ 
brates by Florence Moog. 

The Rayoscope (Booth 30). The Rayoscope exhibit 
this year will consist of the regular De Luxe Rayoscope 
—a microprojector—together with special models o t the 
unit which have been developed especially for use with 
polarised light phenomena as well as many other specific 
Uses. There will be offered a special circular rotatable 
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and centersble stage which has degrees of rotation 
marked so that amount of rotation can be easily de¬ 
termined. This stage has a separate centering bearing 
and rotating bearing. There will be exhibited a special 
model of the Bayoscope which uses its own screen on 
which images may be projected and various methods of 
measurement done with ease. Of course there will be the 
striking projection of live materials and life processes 
such as circulation of blood and heart beat. The Rayo- 
scope has now been developed to the point where it is fool¬ 
proof and easily operated. This, together with port¬ 
ability, durability, absence of bothersome adjustments 
and servicing, makes the unit a worthwhile addition to 
any laboratory where an ordinary microscope is used. 
Look for the booth with the Neon Sign, “RAYO- 
SCQPE . 9 3 Meet ue there. 

Rinehart Sc Company, Inc. (Booth 20). Rinehart & 
Company, Inc., publishers, are represented by a display 
of outstanding texts in chemistry, physics, mathematics, 
psychology, education, and anthropology. The display 
also includes a number of technical and radio books 
published under the imprint of Murray Hill Books, Inc., 
a subsidiary of Kineluirt. Visitors are cordially invited 
to examine these books at Booth 20, Annual Science Ex¬ 
position. 

The Ronald Press Company (Booth 84). Repre¬ 
sentatives of The Ronald Press Company will be on hand 
to welcome visitors to it* booth in the Annual Science 
Exposition at the Hotel Statler. The display will include 
a varied selection of books on the biological and physical 
sciences, mathematics, engineering, psychology, and re¬ 
lated fields. Information about important publications 
to be issued during 1950 will be available to the visitors. 

W. B. Saunders Company (Booth 1). W. B. Saun¬ 
ders Company, Philadelphia, cordially invites you to 
visit ito exhibit booth where you may examine select books 
in the biological sciences, chemistry, health, medicine, and 
surgery. Among the newer texts are The vertebrate body 
by Alfred 8. Homer; Principles of animal ecology by 
Allee, Emerson, Park, Park and Schmidt; College zoology 
by Hunter and Hunter; Principles of organic chemistry 
by John L. Abernethy; Theory and practice of quantita¬ 
tive analysis by Clark, Nash and Fiseher; General endo¬ 
crinology by C. Donnell Turner; and General cytology by 
He Robertis, Nowinski, and Saoz. Also on display are the 
new revised editions of the standard texts, Fundamentals 
of bacteriology by Martin Frobisher, Jr.; Fulton’s Teat- 
book of physiology; Jordan-Burrows * Teatbook of bac¬ 
teriology] Clinical biochemistry by Cantarow and Trum- 
per; and Pw&iw? health and hygiene by Botduan and Bol- 
duan; and many other outstanding texts and reference 
books. Saunders 9 representatives present are Tyler Bu* 
chenau, Clarence Wheeler, James Hughes, Paul Schneider, 
E. E. Holland, and E. It Zieber. 


yeast nucleic add and derivatives, as well as other bie- 
chemicals useful in research and clinical investigations. 
Recently added chemicals, such as malononitrile, desoxy¬ 
ribonucleic acid, adenosine-5'phosphoric acid, and the new 
phosphorylated sugar compounds, barium phosphoglycerio 
acid, fructose-6-phosphate, and glucose-I-phosphate will 
also be displayed. Any requirements for Schwarz fine 
chemicals, as well as technical information, will gladly be 
discussed by our representatives. Our services for prob¬ 
lems in food technology will be offered and details given 
as requested. 

Science Library (Booths 73 and 74). The Science 
Library is administered by the A A AS 4s an additional 
service to publishers of books, both exhibitors and non- 
exhibitors. It has become an integral part of each year's 
Annual Science Exposition. In the Science Library, 
books of all publishers arc grouped by fields of science, 
a convenience both to the visitor who is restricting his 
inspection of books to* one category—and to the ono 
who wishes to browse. Among the publishers represented 
in the Science Library are: 


American Association 
for the Advancement 
of Science 

Academic Press, Inc. 

Annual Rf.vif.ws, I no. 

A pp.IjF.ton -Cento r v - 
Crofts, Inc. 

Blakiston Company 

Burgess Publishing 
Company 

Cambridge University 
Press 

Chemical Education 
P ublishin g Co. 

Chemical Publishing 
Company, Inc. 

Columbia University 
Press 

Comstock Publishing 
Company 

Oran brook Institute or 
Science 

Dodd, Mead & Company 

Thomas Y. Crowell 
Company 

W. H. Freeman & 
Company 

Garlan Publications 

Harper & Brothers, 

„ Publishers 

Harvard University 
Press 

D. C, Heath ft Company 


Henry Holt and Com¬ 
pany, Inc. 

Houghton Mifflin 
Company 

[owa State College Press 
Island Press Cooperative, 
Inc, 

Lea & Febiger 
J. B. Lippincott Company 
The Macmillan Company 
McKnight and McKnight 
C. Y. Mosby Company 
New York Association of 
Biological Science 
Thomas Nelson and Sons 
Oxford University Press 
Philosophical Library 
Pitman Publishing 
Corporation 
Reinhold Publishing 
Company 

Rinehart & Company 
Scott, Forebman and 
Company 

Stanford University 
Press 

Charles C. Thomas 
Frederick Unoar Pub¬ 
lishing Co. 

University or Chicago 
Press 

Viking Press 

John Wiley ft Sons, Inc. 


Year Book Publishers 


Schwarz laboratories, Inc. (Booth 43). Schwarz 
Laboratories, Inc. of 808 East 44th Street, New York, 
New York, consulting chemists and manufacturers of fine 
chemicals and chemotherapeutic agents, will exhibit sam¬ 
ple* of their products. Induced will be their Well-known 


Scientific American (Booth 79A). flcieaHfle Ameri¬ 
can; An entirely sew monthly magazine of the sciences, 
published under the 105*year-old name, Original articles 
by workers m all branches of science. Addressed to sci¬ 
entists, engineers, physicians, and to interested and edu- 
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euted laymen. The Editors will be available for con¬ 
sultation during the convention. Inquire at booth or 
telephone LOngacre 4-0&30. Orders will bo accepted at 
the booth for reprints, back issues, and now subscriptions. 
Address mail inquiries to The Editors, Scientific Ameri¬ 
can , 24 West 40th Street, New York 18, N. Y. 

Ivan Sorvall, Inc. (Booth 82). The exhibit of Ivan 
Sorvall, Inc., will feature chiefly the Servall Angle Cen¬ 
trifuges, of which many variations will be on display. 
This company has pioneered the use of the angle principle 
in centrifugation, first introduced to laboratories in 1929, 
thus paving the way for the further development of high 
speed centrifuges. Present models range from a small 
clinical machine, carrying ten 15-c.c. tubes, to a large ca¬ 
pacity machine for four 500-cc. bottles. Of particular 
interest is a new vacuum-operated centrifuge of 800-cc. 
capacity, operated at 16,000 rpm. top speed. All models 
are available with refrigerators. Also on dUplay is the 
Sterling Automatic Pipettes, chiefly used for dispensing 
accurately at a rapid rate small amounts of aqueous solu¬ 
tions, in routine laboratory work. This company also 
manufacturers and distributes the Servall Magnetic Stir¬ 
rers with new fusiform glass-encased stirring elements, 
and distributes the Original-Odhner Calculators, claimed 
to be “the machine to count on”—a handy and low 
priced calculator for the scientist. 

E. R. Squibb & Sons (Booth 10). Vitamin B 1(1 Ex¬ 
hibit: The exhibit will portray the studies which led to 
the discovery of vitamin B lt , the development of suitable 
therapeutic products and the importance of tho factor 
for man and animals. Many investigators working inde¬ 
pendently after years of experimenting found that liver 
contained a substance which played an important role 
for humans, animals, and microorganisms. Before the 
isolation of this substance, which was named vitamin B, a , 
if was called the antiperniclous anemia factor as applied 
to humans, the Lactobacillus lactis Dorner (LLD) factor 
and tho animal protein factor (APF). The workers 
in the three fields contributed heavily to the isolation of 
the vitamin. Although some of these names may have 
wider meanings, there appears to be little doubt that 
vitamin B u is an important hematopoietic factor for man 
and a growth factor for animals and certain micro¬ 
organisms. 

Sugar Research Foundation, Inc. (Booth 9). A 

general selection of Sugar Research Foundation material, 
scientific reports, and technological information will be 
available. The Foundation has a number of colored wall 
charts suitable for primary and secondary general science 
classes, a strip film on the subject of photosynthesis, and 
pamphlets on the growth and production of sugar from 
both cane and beet plants. Sugar Research Foundation 
sponsors research projects through granta-in-aid to spe¬ 
cialists in nutrition, physiology, medicine, dentistry, and 
biological and organic chemistry. A summary of the 
six-year program is contained in a directory —Research in 
review. 

TechLaboratoriee, Inc. (Booth 83). The exhibit 
illustrates the three main lines of instruments manufac¬ 


tured by the Tech Laboratories, Inc., as follows: (A) a 
falling ball viscosity meter based upon Stokes's Law, and 
with electronically timed operation; (B) a line of mois¬ 
ture meters for measuring the moisture content of wood, 
paper, textiles, dried food products, etc.; (0) a new 
electrocardiograph of greatly improved design. This in¬ 
strument is available in two distinct models, viz.; one 
for general practice and the other for research and lab¬ 
oratory work. The instrument uses an oscilloscope and 
comes with a special camera for taking permanent records. 

The Technicon Company (Booths 2 and 3). This 
exhibit will again feature the Technicon Automatic Frac¬ 
tion Collector, a fully automatic machine which collects up 
to two hundred rigidly controlled samples of predeter¬ 
mined fluid volumes. Also featured will be the new Tech- 
nicon Microscopo Lamp, a radical departure from the 
time-honored conception of microscope lamp design. This 
will be of great interest to all serious niicroseopists. Visi¬ 
tors to the Technicon Booth will also have an opportunity 
to inspect the Autotcchnicon, an automatic tissue-process¬ 
ing machine; tho 8copieon, a microscopic projector; and 
the various Lab-Aid Cabinets for slide filing. The Tech- 
nicon Automatic Pipette Washer, the Technicon Micro- 
slide Dryer, the new, improved Technicon Paraffin Knife, 
and the Technicon Constant Temperature Water Bath will 
round out the exhibit of Technicon Laboratory Aids, 

Arthur H. Thomas Company (Booth 68). On dis¬ 
play at the exhibit of the Arthur H, Thomas Company 
will bo: The Miller Kymograph, Small Model (one second 
contact intervals); Kymograph Miller No. O; Interval 
Timers (contact intervals one-fifth, one, three, or six sec¬ 
onds) electric motor driven; a Graphic Time Marker; 
and the Eberbach Electronic Stimulator, a compact, self- 
contained unit which provides a wide ruuge of repeated, 
controlled, square wave pulses of fixed duration for 
physiological and pharmacological experiments and dem¬ 
onstrations. 

Tracerlab, Inc. (Booth 37). The Tracerlab exhibit 
will feature the basic instruments required for a radio¬ 
activity laboratory, including the various types of settlers 
such as the Autoscaler, the “64 M Scaler and the new 
“ 100 M Scaler. Radiation survey motors, using both ioni¬ 
zation chamber detectors and Geiger tubes will be demon¬ 
strated as well as thin mica end window Geiger tubes, 
all-glass Geiger tubes and beryllium window tubes suit¬ 
able for counting x-rays. Other equipment including re¬ 
mote pipetting devices; remote handling tongs, lead bricks, 
film badges, and miscellaneous specialized equipment for 
the radioactivity laboratory will be on exhibit. 

Triarch Botanical Products and Histoslide Com¬ 
pany, Inc. (Booth 77). Dr. George H. Connnt of 
Triarch Botanical Products, Ripon, Wisconsin, and Dr. 
LB. McCormick of Histoslide Company, Inc., Chicago* 
Illinois, have combined their efforts for the 1949 AAAS 
Science Annual Exposition. We are presenting a booth 
that wiR display the finest prepared microslides for the 
fields of botany, histology, parasitology, and related sci¬ 
ences, You will find in our booth many new and inter- 
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eating slides that have been prepared by superior tech¬ 
niques for discriminating teachers. These slides will be 
demoiutrated on standard microscopes at your pleasure 
and convenience. If you are interested in anatomical 
and other models as teaching aids in science we would 
suggest that you stop to see and inspect an entirely new 
and interesting series of models prepared by the Histo- 
slide Company, Inc. These models are displayed for the 
first time and your reaction to them will determine how 
many additional models will be made available in the 
future. Dr. Conant and Dr. McCormick look forward to 
making new friends and renewing acquaintances. 

University Presses (Booths 25 end 26). Dis¬ 
tinguished for authoritative content and excellence of 
editorial work, the books of university presses claim 
enviable rank among nonfiction and technical publica¬ 
tions. The American Association of University Presses 
has arranged a cooperative exhibit for your enjoyment at 
this mooting—and to give you an opportunity to purchase 
some of the important titles for your library. Books 
from the following university presses will be displayed: 
California, Cambridge, Chicago, Columbia, Cornell, Har¬ 
vard, Illinois, Iowa, Johns Hopkins, Michigan, Oklahoma, 
Pennsylvania, Princeton, Rutgers, Stanford, Washington, 
Wisconsin, and Tale. 

D. van Noafrand Company, Inc. (Booth 72). A 
collection of the newest Van Nostrand publications in the 
fields of chemistry, nuclear science, biochemistry, physios, 
biology, end zoology will be featured. Borne of these 
titles include: Radioactive tracer techniques (Schweitzer 
«nd Whitney), Crystals and x-rays (Lonsdale), Intro¬ 
duction to biochemistry (Williams and Beerstecher), 
Theory and design of electron beams (Pierce), Instru¬ 
mental methods of analysis (Willard, Merritt and Dean), 
Fundamentals of qualitative chemical analysis (MeAlpine 
and Soule), A simplified course in elementary qualitative 
analysis (Hartsuch), Introductory biology (Stauffer), 
nnd Biology and its relation to mankind (Winchester). 
In addition, there will be displayed a general line of 
standard science texts published by Van Nostrand, The 
display will be housed in a special new traveling unit 
which Van Nostrand is using for book exhibits. 


Ward’s Natural Science Establishment, Inc. (Booths * 
40 and 41). A special feature of the Ward exhibit will 
be a display of all the new Mueller-Ward and Wilson- 
Ward models. The new Mueller-Ward models include 
anatomical-histological models of the liver, kidney, bone, 
and muscle. The Wilson-Ward line includes models de¬ 
picting the development of the human face and the de¬ 
velopment ftf the human heart. There will also be a com¬ 
plete display of specimens embedded in Ward’s Bio¬ 
plastic. A demonstration of the method of embedding 
will be made. Other new developments will also be dis¬ 
played. 

W. M. Welch Manufacturing Company (Booths 61 

and 62), Featured by the W. M. Welch Manufacturing 
Company—physical, chemical, and biological instruments 
and teaching aids—will bo new mathematics models; 
atomic structure mode]; demonstration radio transmitting 
and receiving panels; demonstration cathode ray; elec¬ 
tronic voltage regulator; and Densichron—ftn electronic 
light intensity motor. Other instruments include volt¬ 
meters, ammeters, wattmeters, and ohmmeters, a-c and 
d-c, and demonstration equipment for mechanics, heat, 
electricity, sound, and light. Charts on display include 
single charts on 44 Electromagnetic Waves,” “Periodic 
Table,” “Atomic Structure,” “Organic Chemistry,” 
and “Isotopes”; and sets of charts for teaching botany, 
zoology, physiology, aeronautics, and physics. 

John Wiley & Sons, Inc. (Booth 6). John Wiley & 
Sons, Inc., New York, scientific and technical book pub¬ 
lishers, is displaying in Booth 0 a comprehensive collection 
of recent and standard books in various fields of pure 
and applied science. While stress will be placed on 1949 
books, Wiley plans to show a full range of titles which 
have earned recognition as outstanding texts, manuals, 
handbooks, or other works of reference. Many of these 
will bo found in new, revised editions. Fields of interest 
covered include aeronautics, agriculture, anthropology, 
astronomy, the biological sciences, chemistry, education, 
the earth sciences, mathematics, public health, physics, 
psychology, social and political science, and business. 
Examples of the Wiley visual aids program will be a 
special fen tine of the exhibit. 
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Association Finances 

Howard A. Meyerhof!, Administrative Secretary 


The ensiling condensed statements of Association 
finances during the years 1946, 1947, and 1948 were 
prepared by the auditing firm of G. P. Graham & Com- 
pany and are published herewith, pursuant to n vote of 
the Executive Committee, in order that the membership 
may be fully informed regarding the Association's cur* 
rent financial condition. 

The first three statements summarize operating receipts 
and expenditures. It will be noted that, during 1946, the 
excess of receipts over expenditures was only $10,677, 
prior to annuity and inflation payments of $22,992 toward 
the purchase of Science and $4,300 for other disburse¬ 
ments. Of the $81,360 shown as the balance of unallo¬ 
cated funds on January 1, 1946, $80,180 was transferred 
to the Building Fund to complete the purchase of the 
Scott Circle property. From the precarious situation 
which resulted at the end of 1946, improvement in the 
operating balance and replenishment of the Unallocated 
Funds have been effected by the increase in dues from 
$5.00 to $6.50, by increased income from advertising and 
journal subscriptions, and by payment of the 1047 Science 
annuity and inflation allowance from the Treasurer’s 
Funds. 

The second series of statements summarizes the status 
of the Treasurer’s Accounts, which include the modest 


endowment, property holdings and special funds admin¬ 
istered by the Association. The list of disbursements 
gives some idea of the ramified activities for which these 
funds are used and indicate the expanded service the 
Association might rendor if the endowment can be 
increased. 

September 15, 1940 

To the Council of the 

American Association for the Advancement of Science 
Washington, D. C. 

We have examined the balance sheet of the Operating Fund 
of the American Association for the Advancement of Science 
«n at December 81, 1948, and the statement of receipts and 
expenditures for the years ended December 81, 1940, 1947 
and 1948. Our examination was made in accordance with 
generally accepted auditing standards, and accordingly in* 
eluded such tests of the accounting records and such other 
auditing procedures «s we considered necessary In the cir¬ 
cumstances. 

In our opinion, the accompanying financial statements as 
supplemented by the notes thereto present fairly the financial 
position of the Operntlng Fund of the American Association 
for the Advancement of Science as at December HI, 1048, 
and the results of its operations for the three year period 
ended thereon. 

G. P. GRAHAM A COMPANY 
By H. A. O'NEILL 


Amkkican Association for thb Aovanckment of Science 
Operating Fi nd 

Balance Sheet as at DECRMnpit 31, 3948 


Assets 

Current assets 

Cash ... 5300,850.10 

Accounts receivable . _ 18 .452.60 $366,3 02.85 

$868,302.85 


Liabilities 


Current liabilities 

Accounts payable . . 

Deferred income 

Prepaid dues and fees . $198,694,00 

Prepaid journal subscriptions . 46,000.16 

Unallocated funds (net worth) . 


$ 27,128.53 

244,700*16 

04,479,10 

$384802.80 


Note; The Journal Science was acquired tr> 1944 at a stated cost of $160,430.09, payable over a period of ten years, 
together with guch additional as may be determined each year under the inflation clause it the contract. Total 
payment* to December 81, 1948 amounted to $118,299.28. No liability ha* been shown on the above statement 
for the balance of $84,140,11 which is payable on the stated cost price of the journal. 
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American Association foe thb Advancement of Science 
Operating Fund 

Statement of Receipts and Expenditures foe thb tears Ended December 81. 1940, 1847 and 1940 


Receipts 

Dues and entrance fees . 

Journals 

Subscriptions 

From Treasurer’s account (life, 
50-yeur and emeritus members) 
Members special subscriptions . . 

Non-member subscript ions . 

Advertising . 

Miscellaneous sales, etc. 

Publications 

Symposium volumes . 

Proceedings and directory . 

Meetings and exhibits .. 

Mental income 

Miscellaneous .. 


Expenditures 

Administrative and genera] expense 

Building expense . 

Executive committee . 

General secretary . 

Allowance to divisions . 

Section expenses . .. 

Circularization—new members 

Meetings and exhibits .. . . . , 

Journals. 

Publications . 

Employees’ retirement plan . 

Miscellaneous . 


Excess of Receipts over Expenditures 


1946 

8185,882.00 


1,851.00 
7,149.00 
% 85,804.52 

85,088.85 
1,088.61 


50.50 

20,181.25 

1.587.82 

282.02 


$298,660.57 


$ 47,291.92 
2,784.48 
1,525.18 
885.48 
3,699.00 
1,811.31 
1.492.51 
4.865,76 
189,298.09 
83,433.08 

1,895.83 

$287,088.47 


$ 10,077.10 


1947 

$153,546.72 


1,785.00 

7,242.00 

41,627.02 

121,900.11 

1,834.71 

8,413.34 

9,140.00 

27,404.25 

8,695.24 

2,635.16 

$879,223.55 


$ 47.9ia.55 
2,524.18 
2,809,77 
762,55 
4,884.00 
1,601.23 
4,887.63 
24,210.68 
196,251.08 
18,597.75 

2,287.09 
$305,020.20 
$ 78,1^08.29 


1948 

$234,714.73 


2,659.50 

13.302.75 

50,147.07 

116,742.84 

8,115.42 

8,492.15 

22,047.28 

0,768.55 

3,150.44 

815.72 

$470,040,40 


$ 08,595.31 
4,272.71 
2,748.12 
750.00 
5,183.00 
1,455.73 
26,470.84 
21,432.01 
256,272.26 
42,730.72 
4,723.67 
1,773,61 

$420,414.38 


$ 44,232.02 


American Association for the Advancement of Science 
Operating Fund 

Analysis of Unallocated Funds (Net Worth) 
January 1, 1946 to DKCEMnEit 31, 1948 


Balance as at January 1 , 1046 ... 

Add : 

Excess of receipts over expenditures 

1040 . $10,677.10 

1947 . 73,308.20 

1948 . 44,232.02 


Transfer from reserve for symposium publications ah directed by Executive 

Committee (1047) .. 

Payments received from Trustees of Estate of James M. Cattell in full settlement of 
claim affecting prior year (1947) .... 

Deduct: 

Amounts paid on Woodley and Stephenson Haims and attorney's fee incident thereto . .. 
Amount transferred to building fund — 

Treasurer's account ... 

Science annuity payments 

1040 ..- .. $16,643.04 

1948 ...'. 16,648.04 

Inflation allowance on annuity 

* me ....... $ 0,849.82 

1948 .;■.. 11,616.84 

Balance as at December 31, 1048 


$ 81,300.91 


$128,212.41 

17,854.06 

3,284.83 

$ 4,300.00 
80,180.81 

33,286.08 

17,066,16 


148,851.30 

$280,212.21 


185,733.05 
$ 04.479.16 


Note: The 1047 Science annuity and inflation allowance tier eon were paid from the Treasurer's accounts, 
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September 10. 1949 

To the Council of the 

American Association for the Advancement of Science 
Washington, D, C. 

We have examined the balance sheet: of the Treasurer's 
account* of the American Association for the Advancemeht 
of Science as at December 31, 1948, and the statement of 
cash receipts and disbursements for the three year period 
then ended. Our examination was made In accordance with 
generally accepted auditing standards, and accordingly In¬ 
cluded such tests of the accounting records and such olher 


auditing procedures as we considered necessary In the cir¬ 
cumstances, 

"In our opinion, the accompanying balance sheet as at De¬ 
cember .11, 1948, and statement of cash receipts and disburse¬ 
ments present fairly the financial position of the Treasurer's 
accounts of the American Association for the Advancement of 
Science at that date, and the cash receipts and disbursements 
for the three year period then ended. 

G. F. GRAHAM & COMPANY 
By H, A, O’NEILL 


Amkhk’an Association fob tub Advancbmknt ok Science 
Tkeasureii’h Accounts 
Balanck Sheet as at December 31, 1948 

Assets 

Endowment and reserve funds 

Cash awaiting investment . 

Securities . 

Building fund 

Cash .. . * . 

Securities . . - 

Real estnte . 

Current funds 

Cash . 


¥ 10,870.74 
236,645.64 


¥ 23,420.90 
646.20 
153,207.20 


Liabilities and Reserves 

XtJndowment and reserve funds 

For research . . 

For general purposes . 

For special purposes . .. 

Treasurer's reserve fund . . 

Building fund 

Contributions from members, etc. 

Transfer from Operating fund. 

Current funds 
Liabilities 


Thousand dollar pri*e fund.. ¥ 2.000,00 

Special academy grants . 400,00 

Westlnghouse science writers award fund . 1,153.44 

AAAS—UNESCO fellowship fund . 53.50 

Academy grants . 2.524.75 


Unappropriated income 

For research . $ 3,348.23 

For general purposes . 2,929.70 

Unallocated . 235.16 

Jane M. Smith fund ... 1.00 

Luella A, Owen fund . 13.95 

A. G. Stlllbamcr fund . 538.98 

Unexpended balances of previous years. 7,799.01 


¥118,306.15 

104,61.7.25 

9,025.00 

15,512.98 


$ 97,185.49 
80.180.81 


$ 6, J 31,09 


14,866.12 


¥247,521.38 

377.366.30 

20,907.81 

$445^85.49 


¥247,521.88 

177,360.30 


20,997.81 
$445 885-49 
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Ameiucan Association fob the Advancement of Science 
Treahubba's Accounts 

$ 3S.132.40 


408,718.00 


Disbursements 

Endowment and reserve funds 

He cur it lea purchased . 

Deceased emeritus life membership fees—Transferred to Jane 

M. Smith fund Income . 

1017 Science annuity and Inflation allowance thereon (Note A) 

Building fund 

Coat of properties and additions . 

MlmfllaneouB expenses and refunds . 

Current fund 

Westlnghouse science writers award fund . 

Special academy grants .. 

Thousand dollar prize fund .*. 

Emeritus life members (Jane M. Smith fund income) . 

Income allocated to Treasurer’s reserve . 

Academy grants . 

Journal subscriptions (Life, 50-year and emeritus member#) . . 

Allseed lanami# expense# . 

Cash balances December 31, 1948 

For Investment . 

For building fund .. 

For current purposes .....,. 

Note: (A) Science annuities and Inflation allowances thereon for the years 1940 and 1948 were paid from th* Operating 
fund of the Association. 


$100,433.03 

2,000.00 

20,270.30 

$153,297.20 

01.05 

$ 20,890.00 
600.00 
2 , 000.00 
4,500.00 
2,269.13 
0,866.75 
6,206.50 
04.03 


$194,713.29 

153,358.25 

43,484.41 

$ 10,875*74 
23,420,90 
20,007.81 


$446,860.40 


391,555.05 


$ 55,294,45 


Statement or Cash Receipts and Disbursements January 1, 1946 to December 31. 1948 

Cash balances January 1, 1946 . 

Receipts 

Endowment and reserve funds 
Life membership fees 

Regular ... J $ 4,700.00 

Emeritus (Jane M. .Smith fund) ...^ 4,500.00 

Income added to reserve fund .. ... • “ J 2,269.13 

Redemption and sale of securities. 180,462.18 $191,921.31 

Building fund 

Amount due from Operating fund Jan. 1, 1940 . $ 48,604.36 

Contributions . 47,241.03 

Liquidating dividend on securities ... *. 700.00 

Income from securities . 54,15 

Transfer from Derating fund . 80.180.81 176,780.95 

Current fund 

Contribution# for special academy grant# . $ 950.00 

Westlnghouse science writers award fund . 14,574.94 

AAA8—UNESCO fellowship fund. 63.60 . 

Deceased emeritus life membership foes—Transferred from 

endowment fund .. 2,000,00 

Thousand dollar prize fund. 2,000.00 * 

Net Income from securities . 20,437.30 40.015.74 


176,780.95 
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TECHNICAL PAPERS 


The Antitreponemal Effect of Oral Chloro¬ 
mycetin 1 in 32 Cases of Early Syphilis 
in Man-—A Preliminary Report 

Monroe J. Romaniky, Sidney Olancky, 

S. Rom Taggart, and Eugene D. Robin 

Department of Medicine, George Washington 
University School of Medicine , and 
Galltnger Rapid Treatment Center , 

Bureau of Venereal Disease, 

Washington, D. C. 

Chloromycetin (Chloramphenicol) whs originally iso¬ 
lated from a soil organism, Streptomyces venceutlae ( 1 ). 
This antibiotic lias been shown to have a wide range of 
therapeutic activity against many pathogenic organisms. 
A systematic study of its use in the treatment of human 


syphilis has uot yet been reported. However, it has been 
used by Smith and co-workers (4) in the treatment of 
experimental rabbit syphilis. These workers found that 
after dosages of 50 and 100 mg/kg of body wt the syphi¬ 
litic lesions wore cleared only temporarily of treponema. 

Smadel and associates (8) reported that a single oral 
dose of cliioromycetin would cure a high percentage of 
acute gonorrheal urethral infections. They suggested 
that Chloromycetin might not have the effect of masking 
syphilitic infections and thus might be more desirable 
than penicillin for the treatment of gonorrhea. 

Since the use of chloroiuycetin in the treatment of gon¬ 
orrhea has been reported and since it seemed to have some 
antitreponemal activity in rabbit syphilis, we decided to 
study its effect upon tho treponema of human syphilis. 

Patients with lesions containing numerous Treponema 
pallidum were selected for this study. The first four 
cases received 120 mg/kg of Chloromycetin per day. Two 
of these received an additional priming dose of 4 g. The 


TABLE 1 

KKFBCT OF ClVMMOMlCKTlN IN 2G CASKS OF KAMA' 8 If CHILIS IN MAN 


No. 

of 

cases 

Diag¬ 

nosis 

Chlo¬ 

romy¬ 

cetin 

mg/kg 

/day 

Days 

treat¬ 

ment 

Total 

in it 

Dark- 

Held 


Serologic titer 


Items rk« 

nega¬ 
tive 
in hr 

Before 

treat¬ 

ment 

Month* after treatment 

1 2 3 

S 

S* 

120 

0 

56.0 


1 : 250 

1 : 4 

NFt 

1 : 4 



•• 



51.0 

22-20 

1 : 128 

1 : 04 

NF 

NF 

priming dose 4 g 





50.0 


l: 128 

2 + 

neg 

NF 



8 

60 

a 

44.« 

23-24 

1: 512 

1 : 64 

1 : 10 

1 : 8 



Pt 



18.0 


DHg 

n eg 

neg 

neg 



4* 



27.0 


neg 

neg 

neg 

neg 


10 

8 

30 

4, 0. 

20.B 


1 :1024 

1 : 128 

1 : 32 

NF 



4 4 


or 8 

10,5 


1; 250 

1 : 04 

NF 

NF 



*1 



.18.5 


1 : 250 

1 : 10 

NF 

NF 



•< 



10.5 


1 : 128 

1 : 32 

1: 4 

NF 

pregnant 


n 



16.0 


1: 128 

1: 04 

NF 

NF 



** 



12.0 


1: 128 

1: 10 

1 : 16 

NF 






12,0 


1 : 128 

1 : 128 

t : 128 

NF 



ii 



12.0 


1 : 04 

1 : 32 

1 : 4 

NF 



*4 



12.0 


1 : 04 

1: 10 

1 : 4 

NF 



,4 



12.0 


1 : 04 

2 + 

neg 

NF 



P 



27,5 

22 28 

3 + 

nur 

NF 

NF 

12 g on 1st day 


II 



12.0 


«eg 

neg 

oeg 

NF 



44 



22,0 


nag 

neg 

neg 

NF 

15 g on 1st day 


II 



22,0 


nag 

neg 

neg 

nag 

12 g single done on 1st day 





18.0 


nag 

wag 

twg 

lieg 



4, 



8,0 


neg 

NF 

neg 

NF 



1# 



12,0 


neg 


neg 

NF 

pregnant 





8.0 


lieg 

neg 

neg 

neg 



1, 



8.0 


neg 

neg 

NF 

NF 



2ft (total) 


* Secondary syphilis, 
t Primary syphilis. 
t NF Indicates no follow up, 

1 Tbs chlorozayeettn (Chloramphenicol) used In this study 
was obtained, through the courtesy of Parte, Davis It Com¬ 
pany, Detroit, Michigan. 


next four patients received 60 mg/kg/day, and the re¬ 
maining 24 received 30 mg/kg/day. Except in a few 
instances the antibiotic was administered orally in six 
equal dose*’at 4-hr intervals, Table 1 summarises the 
treatment schedules and clinical and laboratory data of 
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25 of the patients treated. Seven additional patients 
were treated but could not be followed up. 

Treponema wore not found in the lesions of the first 
four cases 22-26 hr after treatment was started. The 
treponemal disappearance time in the next four patients 
was 23 hr. Two cases given 30 mg/kg/day were negative 
in dark field microscopic examination in 26 hr. 

Since there was rapid disappearance of the treponemas 
from the local lesions on a relatively large dose it was 
decided to investigate the minimal effective dose of the 
antibiotic. A single oral dose of 250 mg wag given to 
three cases, the lesions remained positive for treponema 
in darkfield examination even at 48 hr. Two cases were 
given 300 mg in a single oral dose; the lesions in one 
became negative in darkfield examination in 48 hr, and 
the other remained positive even at 96 hr. In these cases 
treatment was subsequently instituted on a 30 mg/kg/day 
schedule for 6 days with complete healing of the lesions. 

In order to determine whether the treponemal disap¬ 
pearance time could- be decreased, one case was given 2 
g every 4 hr for six doses, a second case 2.5 g every 4 hr 
for six doses, and a third case 12 g as a single dose; the 
trepomenal disappearance time was 24, 26, and 24 hr, 
respectively. Apparently increasing the dose of Chloro¬ 
mycetin does not appreciably shorten the treponemal dis¬ 
appearance time. 

These findings suggested that art oral Chloromycetin 
dosage of 30 mg/kg/day divided into six doses and given 
at 4dir intervals might be effective in the treatment of 
early syphilis. Therefore, a total of 24 patients were 
treated with 30 mg/kg/day for 4, 6, or 8 days. The le- 
sious in all cases showed evidence of initial healing within 
24 hr and most of them showed complete healing by the 
end of therapy. Some delay in healing occurred in a few 
cases where the location of the lesion predisposed to a 
slower response. For example, a patient with n urethral 
chancre took 6 days to heal because of the constant flow 
of urine over the lesion. 

Chloromycetin seems to us to promote healing by a dif¬ 
ferent mechanism from penicillin. Penicillin produces 
initial healing at the periphery of a lesion, whereas heal¬ 
ing with Chloromycetin therapy seems to be initiated from 
the base of the lesion. This is particularly striking in the 
large ulcers of benign late syphilis of the skin. 

Quantitative serologic tests using the Eagle Floccula¬ 
tion Test for syphilis were performed prior to therapy 
and at monthly intervals after treatment. It is noted in 
the table that there is a rapid decline in serologic titer in 
most oases at the end of one month following treatment. 

Two of the patients who received 30 mgAg/day were 
pregnant. The clinical and serological response until now 
has been satisfactory in both patients. One patient has 
delivered a live child. Although serologically positive at 
birth, clinical and serologic progress in this child have 
been excellent without further therapy. The second pa¬ 
tient is still pregnant. 

The only toxic or untoward reactions noticed with the 
dosages of Chloromycetin utilised in this study were an 
occasional mild diarrhea and an occasional complaint of 
dryness of the mouth. The Jarisch-Hersthoimer reaction 


in chloromycetin-treated patients is either less frequent 
than that observed in penicillin-treated cases or of such 
a mild nature that it id frequently missed. Only two pa¬ 
tients were observed to have very mild reactions 48 hr 
after treatment was started. Several patients complained 
of a generalized aching sensation 48 hr after treatment 
began, but no fever or eruptions wore noted. As these 
symptoms disappeared in 8-12 hr, despite fi&ther therapy, 
they majj^haye been Jarisch-Horxhoimer reactions. 

Since relatively small doses of Chloromycetin will euro 
acute gonorrhea, (£, S ) attention should be called to the 
possible danger of masking the diagnosis of syphilis. 

Studios with the .use of Chloromycetin foq the treatment 
of syphilis are continuing, and are being extended to in¬ 
clude the late manifestations of syphilis. One patient 
with, late syphilis manifested by extensive gummata of 
the leg is now under therapy with Chloromycetin. This 
patient has had a dramatic healing response within 4 
days after treatment was started. 
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Effect of Pressure on Induction of 
Mutations by Nitrogen Mustard 1 

William D. McElroy and Gabriel de la Haba 
Department of Biology, 

The Johns Hopkins University, Baltimore , Maryland 

An analysis of the mechanism of action of mutagenic 
agents depends, for the moHt part, upon indirect experi¬ 
mental methods (I). By studying changes in the muta¬ 
tion rate under varying experimental conditions, Buch as 
temperature and pH, it has been possible to obtain some 
idea as to the general stability of genes. Bince nucleo* 
proteins are apparently the most important component* 
of the chromosome (5) (and presumably of the genes), 
it is likely that structural changes in these molecules 
underlie the basic alterations involved in gene mutation. 
Buch structural changes might be of the order of mag¬ 
nitude observed by Johnson, Eyring, and collaborators in 
protein denaturation (U), Bince pressure has been used 
successfully in the analysis of such equilibria or rate 
processes by theso workers, it seemed to the authors that 
a similar study of the effect of pressure on the mutagenic 
action of the nitrogen mustards would aid materially in 
interpreting the results which have been obtained with 
theso and similar agents. According to the general ex¬ 
pressions which have been derived for a quantitative in¬ 
terpretation of the effect of pressure on biological proc¬ 
esses ($), it should lie possible to determine the magnitude 
of the volume change which occurs during the reaction 
that results in a gene mutation. 

* Supported in part by a grant from the National Institutes 
of Health. 
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A series of experiments have been performed to deter¬ 
mine the effect of high hydrostatic pressure on the in¬ 
duction of both morphological and biochemical mutants 
in Neurospora eraaita by nitrogen mustard. The results, 
summarized in Table 1, clearly show that application of 
high pressure to a conidiul suspension containing nitrogen 
mustard depresses the number of mo rp ho logical mutants 
obtained (P < .001). The reduction of the mutation rate 
is directly proportional to the pressure applied. With 
9,000 lb per sq in. (psi), the rate of morphological muta¬ 
tion is reduced approximately 45-50%, while with 5,000 
psi the rate is reduced approximately 50-35%. A few 
experiments performed at n pressure of 2,000 psi indicate 
that approximately 10% reduction occurs at that pressure. 
A record of the different types of morphological mutants 
which occurred was kept, and the results indicate that no 
particular sort of mutant was suppressed by the high 
pressure. The mutants recovered after subjection to 
mustard plus 9,000 psi were of the sume general types 
as those recovered after treatment with mustard at normal 
atmospheric pressure. Results obtained with different 
pressures may bo compared, therefore, on a rate basis. 

By making use of the following goneral equation, the 
volume change of a reaction can be determined by plot¬ 
ting the In of the velocity constant against pressure: 
d In K \ __ AB 

~3p~) T ~ HT 

From a plot of the In of the morphological mututiun rate 
against pressure, the present data indicate that un aver¬ 
age volume change for the individual event occurring in 
the chromosome is approximately 70 cm* per mole, a vol¬ 
ume change which is similar to that found for denatura- 
tion of serum globulin (/J), for inactivation of specific 
antitoxin ( 1$, 1$), and for specific precipitation ( 4). 

Pressure appears to have an. opposite effect to that just 
described when, instead of morphological mutants, chem¬ 
ical mutants induced by nitrogen mustard are tabulated. 
In all experiments there is a consistent increase in the 
number of biochemical mutants obtained when pressure is 
combined with nitrogen musturd. On the basis of kinetic 
analysis this relationship indicates that changes which 
result in the formation of a biochemical mutant proceed 
with a decrease in volume* Additional experiments will 
be necessary to establish this point definitely. 

The differential effect of pressure on the induction of 
morphological and biochemical mutants by nitrogen mus¬ 
tard is of particular interest because it confirms previous 
indications that these two types of mutants are different 
iu nature. Experiments combining the effects of ultra¬ 
violet radiation and nitrogen mustard have shown that a 
difference between these two types of mutants exists (15). 
A large percentage of the morphological mutants are 
sterile, a fact indicating that probably the phenotypic 
effect is due to grots chromosomal changes; whereas bio¬ 
chemical mutants, on the other hand, usually require 
single growth factors and have been shown, in many cases, 
to be due to single gene changes ($). It is not surprising 
that pressure has such a marked effect on the rate of 
moiphelogio&l mutations If most of them are due to 
c&ronmsm Such rearrangements of the nudeo- 


protains would be expected to be accompanied by large 
volume changes. It should be emphasized that although 
our results show a significant decrease in the number of 
morphological mutants nt high pressure, the percentage 
of viable spores is not significantly altered. This indi¬ 
cates that the killing action of the mustard is not in¬ 
hibited by the pressure. 

The possibility that cross-linking plays a role in the 
action of mustard gas has boon suggested (6*, 1(1). El¬ 
more et al. have found that the number of blocked titrat* 
able groups in thymus nucleic acid is greater than the 
number of mustard gas residues in tlio molecule. Their 
results indicate that the mustard gas molecule reacts with 
two tit ratable groups either in the same molecule or, by 
cross-linkage, between different polynucleotide chains. 
The increased viscosity they observed in the treated 
sample also suggested the existence of intermolecular 
cross-linkages. Goldacre et al. further suggested that 
nitrogen mustards produce their effects by interchromatid 
cross-linkages, which result in fragmentation and conse¬ 
quently in rearrangement. It scemH likely that such ex¬ 
tensive rearrangements of the uucleoproteins in the chro¬ 
mosome as that which results after treatment with nitro¬ 
gen mustards may be the basis of the morphological effect 
observed in subsequent generations. Furthermore, it is 
to be expected that these particular reactions would be 
accompanied by large volume changes and that pressure 
would influence the process significantly. 

The effect of pressure on the process yielding biochem¬ 
ical mutations indicates that such an extensive rearrange¬ 
ment of genic material does not occur in this case. The 
evidence suggests, on the contrary, that such mutations 
are accompanied by a. volume decrease, such us might be 
expected to occur with a simple bimolecular reaction (7), 
A more extensive analysis of the effect of pressure to 
include not only single gene mutations but also small 
deletions involving several genes must be of great inter¬ 
est. It may be that changes which result iu n single gene 
mutation are greatly delayed and occur only at the time 
of the reduplication process. Combination of nitrogen 
mustard with groups at the surface of the chromosome or 
gene may perhaps take place with n small volume change; 
however, if the genes have to unfold iu the reproduction 
process, as has lmm suggested ($), it is possible that ex¬ 
posure of new groups at that time to the attached nitro¬ 
gen mustard molecule might greatly influence the unfold¬ 
ing process. Analysis of delayed effects of pressure 
should throw light on the nature of this process. 

Experiments have been performed to determine whether 
pressure would have an effect if applied after mustard 
treatment. In these experiments treated spores were 
centrifuged and resuspended in phosphate buffer and 
immediately placed under pressure. If 9,000 psi are ap¬ 
plied within 10-15 min after the treated spores have been 
resuspended in phosphate buffer, it is possible to reduce 
the number of morphological mutants by approximately 
25%, in contrast to the 45-50% reduction observed when 
pressure is applied simultaneously with mustard* Thirty 
min after treatment the mutation process appears to have 
become irreversible insofar as morphological mutants are 



642 


SCIENCE 


December 9, 1949* Vol. 110 


TABLE 1 

BWECT or FRKBSUBE ON INDUCTION OF MUTATIONS BY 
Nitrogen Mustard IN Neuroapora crattea 
(Temv»26* C) 


js*p- 

No, 

Treatment 

No, 

Isola¬ 

tions 

No. 

morph. 

wu- 

% 

Mut. 

No. 

bto- 

ehew. 

mu¬ 

tants 

% 

Mut. 

% 

icm 



touts 




21 

0.2% Mu#tu.ra 

857 

53 

14.9 

It 

0.8 

90.57 


0.2% Mustard 

238 

17 

7.2 

0 

2,5 

99.94 


+ 9000 psl 







25 

0.2% Mustard 

890 

43 

11.4 

4 

1.0 

99.29 


0,2% Mustard 

485 

33 

7.6 

8 

1.8 

99.72 


4 9000 pal 







46 

1).2% Mustard 

423 

82 

19.4 

8 

1.9 



0.2% Mustard 

877 

40 

12,0 

10 

2.7 



4 0000 pnt 







53 

0.2% Mustard 

329 

49 

15,0 



.... 


0.2% Mustard 

595 

44 

7.4 





+ 9000 pal . 







29 

0.2%. Mustard 

323 

27 

6,8 



98.27 


0.2% Mustard 

377 

20 

0.3 



98.50 


+ 5000 iml 







89 

0.2% Mustard 

513 

63 

12,3 

4 

0.8 



0.2% Mustard 

448 

36 

8.0 

5 

1.1 



4 5000 psl 








None 

400 

5 

1.4 

0 

0 



0000 

385 

3 

0.8 

0 

0 

50.00 


concerned, for pressure applied at that time has no ap¬ 
preciable effect. The results therefore indicate that there 
are temporary delayed effects of nitrogen mustard which 
can he influenced by application of high hydrostatic 
pleasure. 

From the type of temperature and pressure analysis 
which has been adequately outlined by Johnson, Eyring, 
and their co-workers, it should be possible to obtain a 
clearer understanding of the action of chemical agents 
and various types of radiation in inducing genic changes. 
The action of pressure on the combined effects of various 
mutagenic and nonrautagenic agents (N-mustard, x-ray, 
ultraviolet, and infrared radiation, etc.) may be expected 
to clarify greatly the process by which these environ-, 
mental factors can modify the mutation process. 

A microcomdial strain of Newrospora ermsa* ($) was 
used to study the effect of pressure on the induction 
of both biochemical and morphological mutants by nitro¬ 
gen mustard, bis^-chloroetbylwethylamine. Eight-day- 
old couidia were suspended in 0.1 u phosphate buffer 
(pH 6.5) and filtered through a sterile pad of cotton 
in order to remove any mycelial fragments. After the 
desired treatment, the spores were plated onto a complete 
medium containing 1.5% usorbose (Id). After 2-3 days, 
single isolates were transferred to small (10x75 mm) 
complete slants and subsequently scored for morphological 
mutations. Tkes4 isolates • were then transferred to a 
liquid minimal medium to determine the presence of any 
biochemical mutants. Moat such mutants found involved 
deficiencies of single amino acids, vitamins, or purines. 

The method used in applying high pressure to the 
cenidial suspension was essentially that which has been 

* Klotlly «ippll<fd by Dr. E. L. Tstnm, 


described by Johnson et at . (14). The desired amount 
of an aqueous solution of nitrogen mustard was mixed 
with the oonidbU suspension, and a sample of the mixture 
was placed in the high pressure bomb. In those oases 
where pressure was applied simultaneously with the mus¬ 
tard, there was a lapse in time of approximately 30 sec 
between mixing of the mustard with the conidial suspen¬ 
sion and application of the pressure. After treatment 
under kj^h pressure, a sample of the mixed suspension 
was removed from the pressure bomb and rapidly plated 
onto the complete medium. 
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A Prediction Regarding the Humboldt 
Current 

L*1U R, Boons 1 

Vnivenity of California, Berkeley 

According to a finding of the,late G. G, Meara, an un¬ 
usual ice outbreak was due in the North and Booth At- 
lantic during the proper seasons of 1949. The Humboldt 
Current should begin receiving warm water invasions by 
the southern summer of 1950, but these invasions should 
not become serious until Dr. Mears 1 attention 

was drawn to the Humboldt Current during the 1941 con¬ 
ference of scientists in Lima. In Science (IS) of April 
24, 3 942, he pointed out that^the* 194X tropical intrusion 
(9) into the normally subtropical Peru, did not corre¬ 
spond to the seven-year cycle (JW), which had been pro¬ 
posed previously, for only two yearshad elapsed Sinee 
the 1939 interruption had occurred. In Dr. blears f sub¬ 
sequent study of the Humboldt Garrent/he became eon- 
'Research Asslgtaht to0/ Mwa, 1040-1846, 
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fident that the disastrous warm water visits to the coast 
of Peru are occasioned by tides, (6, 7 , IS, 16, 18, p. 834, 
S3, $5, $6). They are connected with moon cycles {S3, 
26, 26) and are related to sunspot activity indirectly as 
the sunspots affect the moon (£, 19, St, 23, 32, S3, 36). 

Pottersson, of the Hydrographic Station of Borneo, has 
shown that tides at boundaries between deep and bottom 
waters of deep inlets during certain moon cycles are as 
much as fifty times greater {26, 26) than simultaneous 
tides at the surface* Therefore, even though polar re¬ 
gion tides at the surface are small {IS), in deep polar in* 
lets tides nt boundaries between deep and bottom waters 
may be very important, for Fettergson has proved {S5 t 
26) that it is because of these tides that important ice 
outbreaks come from such inlets. He suggested in 1929 
(26) that ice outbreaks from such inlets in the immediate 
antarctic vicinity of the Humboldt Current might cause 
tho tropical irregularities in the Humboldt Current area. 
When Gunther (10) demonstrated that antarctic water had 
no part, in the Humboldt Current either directly at the 
surface or from upwelling, and other Discovery Heports 
(4, 6, 8, IS, 14) made clear that only the Weddell Soa 
had an outlet sufficiently deep to emit significantly largo 
quantities of ice (SO, 36), it became apparent that Pet- 
torsson's suggestion needed to be amplified. Hr. Mears, 
in n manuscript he was preparing for publication when 
he died, stated that ice from the Weddell Soa seemed to 
fit known occurrences better than ice from the immediate 
antarctic vicinity of the Humboldt Current could, because 
there apponrod to be a lag between ice outburst and ab¬ 
normalities in the Humboldt Current area. If the ice 
discharge came into the immediate stream from which the 
Humboldt stems—the West Wind Drift— the lag of ap¬ 
proximately a year between unusual ice conditions known 
in the antarctic and any disturbance in normal phenomena 
of the Humboldt Current area, and two to three years 
before serious interruption occurred, would be difficult to 
explain (S3). This lag, if the significant ice discharge 
comes only from the Weddell Sea, would be necessitated 
by the long circuit which the body of water affected by 
tho discharge from the Weddell Sea must make around 
tho Antarctic Ocean to the American West Coast before 
it could affect tho Humboldt Current environs. 

That the ice discharge from the Weddell Sea is impor¬ 
tant is attested by Mackintosh and Herdman (14, p. 
292) : “The Weddell Sea has an important effect in the 
distribution of ice in the Atlantic sector . . . the flow of 
cold Water from the Weddell Sea . . . exerts an influence 
far to the east. . . . The Boss Sea, which is shallow and 
has a less effective current system, has comparatively 
little influence on the ico beyond its immediate neighbor¬ 
hood,” Deacon (6) stated that in the Weddell Soa deep 
and bottom water could bo renewed from the surface. 
Prom the oxygen and mineral contents of the deep and 
bottoih waters in the eastern Pacific area, Clowes (4) 
agreed with Deacon that the Weddell Sea appeared to be 
the only place, or the only significant place as far as the 
Southern Ocean Drift is concerned, where deep and bot¬ 
tom water can be renewed* Since ice conditions from the 
Weddell Sea affect the circumpolar drift tfgniflcatttly, and 


conditions in the Weddell Sea can affect the oceanic water 
from the surface to the bottom, tides at the boundaries 
between deep and bottom water layers might affect sur¬ 
face water conditions and force unusual ice discharges 
from the Weddell Sea, oven as Pettersson suggested. Hr. 
Mears suggested that an unusual discharge of ice and 
abnormal amounts of deep and bottom water from the 
Weddell Sea might affect, for the complete circuit of the 
drift, the portion of the circumpolar drift into which it 
was emitted. Since moat of the deep and bottom water of 
tho great polar drift doos not seem to cross the South 
American submarine ridges, but apparently turns to the 
northward on approaching the American continent ( 1, 4, 
6, 8, 14, $9, 34, 41), tho Humboldt Current normally rides 
to the northward over a huge mass of generally north¬ 
ward moving water (10). If this huge mass had unusual 
augmentations, such as Pettersson ( 26 , 26 ) described as 
resulting from certain moon cycle tides in deep inlets, 
that huge mass might be crowded upward as it made its 
way northward between Easter Island Rid go (30, 38) and 
the coast of South America, in Thoulet’s Easter Island 
Hen ( 38 ). Ah the crowded water pushes upward, every¬ 
thing above, including th© Humboldt Current, must make 
adjustments. The partial loss of equilibrium at such 
times in the Humboldt Current 's more or less steady 
northward flow would not be surprising. According to 
Schwcigger ( 31 ), that is exactly what the Humboldt Cur¬ 
rent appears to do at periodic intervals, which, ns Dr. 
Mears ( 18 , 23 ) pointed out, scorn to coincide with moon 
rather than sun cycles. 

Because tho significant, ice discharge and attendant phe¬ 
nomena take place ns far removed as possible in tho cir¬ 
cumpolar drift from the Humboldt Current area, there 
must ije a distinct; lag between interrelated occurrences, 
if there be interrelationship. The data are far too few 
for conclusive statements, but those few data seem to 
point to a lag of about a year after the unusual ice out¬ 
break before the abnormalities in the Humboldt Current 
area begin to manifest themselves. It is about the third 
year before serious interruptions of normal conditions oc¬ 
cur. An unusual ice outbreak came from the W eddell Boa 
in 1930 (14, p, 292) according to Mackintosh and Hard¬ 
man, who were in the region at the time. Yet 1930 was a 
normal year in the Humboldt Current (31) according to 
Schweigger, of the Peruvian Fisheries Department, who 
was investigating the Humboldt Current over the period 
from 1928 to 1941. It was not until 1931, tho year of 
Gunther's careful oceanographic examination of the cur¬ 
rent (10), that abnormal conditions tended to arise 
and not until 1932 that a serious interruption of cool 
weather conditions in Peru occurred (31). In 1988 ice 
was again exceptionally bad in the Weddell Sea outlet 
ami its approaches (14, p. 292) j in 1939 there were warm 
water invasions into the usual path of the Humboldt Cur¬ 
rent; but conditions along shore and throughout coastal 
Peru were not affected seriously until 1941 (9, 17, 19, 
SO, 21, 31), the third year after the ice outbreak from the 
Weddell Sea. Data regarding ice from the Weddell Sea 
before the disastrous years of 1891 and 1925 in the Hum¬ 
boldt Current region are not available to the writer. 
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Petterssmi ( £6 ) stated that the tides affected the 
North Atlantic through the deep passages from the Arc¬ 
tic during the same year they did the South Atlantic from 
the Antarctic, The IT. 8. Ico Patrol (40) reported in 1922 
that ^fhe berg menace existed this year later than during 
any season since the patrol was taken over by the Coast 
Guard in 1914. . . . The presence of these [eleven] bergs 
so far south [around 43 degrees north latitude] is difficult 
to understand as we have had almost continuous southerly 
winds for the past month'' (40, No. 10, p. 41). The 
third year after the unusual North Atlantic ico conditions 
in 1922 camo the 1925 disaster in Peru. In 1938 the ice 
outbreak from the Arctic was again unusual (40), as it 
was from the Weddell Sea (14), Data fail regarding ice 
before the Humboldt Current debacle of 1891. Rut Teb- 
butt, of the Sydney Observatory, uoted a tide during the 
southern winter of 1889, which was so high for three suc¬ 
cessive nights that the new gages could not measure it 
{37), The third year after these excessive tides came 
the notable invasions of tropical conditions and the re¬ 
sultant death to the abundant subtropical life in the 
Humboldt Current area (3, £8 ). 

When ice and sea tide data fail, another suggestion of 
Dr. Meats' (£2, £3) appears: there are tides in the air 
(£, £3, p, 101, 33 t 36) and ut air layer boundaries, these 
tides may be as significant, ns they arc at boundaries be¬ 


tween sea layers (22, £3), Certain it is that at normal 
times the cold arctic air masses do not seem able to escape 
over the Rockies (the great cordillera which under various 
names reaches from the Aleutians to Panama in North 
America) into the Pacific coastal region (£3, pp. 20, 
114-5). During significant years, 3922, 1937 (winter), 
1889 (January and February), such escapes did occur 
(41) with appalling economic results to CaJifornians from 
freezing.* In 1922 and 1937 the air effect came previous 
to the ice outbreak. Tf tides cause both, the effect on 
the air would be immediate; that upon the ice might be 
delayed, In 1922 and 1937 the California freezes came 
first ; the ice outbreaks came in the follow!fig seasons, in 
the North Atlantic, both during 1937 and 1938 (40) ; in 
the Humboldt Current, serious abnormalities came the 
third■ year following. 

During the winter of 1948-49, the arctic air masses 
made their breaks over the Rockies into California. If 
events follow as they seem to have followed in 1889, 1922, 
and 1937, and as Dr. Meats suggested they may continue 
to follow in accordance with moon cycles, unusual ice out¬ 
breaks wore due in both the North and South Atlantic in 
the proper seasons of this year, 1949. The Humboldt 
Current should begin to have abnormalities during 1950; 
it should have serious interruptions during the summer of 
1951-52. 
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NEWS 
and Notes 

Science Writing Awards 

Letter Grant, science reporter for 
the New York Herald Tribune, and 
George W. Gray, a free-lance writer 
living at Bparkill, New York, today 
were named winners of the fourth 
an lit i ul George Wentinghou&e Science 
Writing awards of $1,000 each for 
the host science writing of 1940, The 
awards will he presented at a luuch- 
eon in honor of the writers on Decem¬ 
ber 28 in New York City during the 
annual meeting of the AAA8, which 
administers the awards. 

Mr. Grant will receive the award 
for what was adjudged the best 
uewHpupor science writing of the 
year, a aeries of 15 articles entitled 
“The Challenge of Cancer, M pub¬ 
lished by the lie raid Tribune Juno 0 
through June 20, 1949. The maga¬ 
zine writing award wont to Mr. Gray 
for his article cm the human bruin, 
“The Great Unveiled Knot,” in the 
October 3948 issue of Scientific 
American, a work the judges con¬ 
sidered the best mugazine science 
writing during the contest year 
(August 1948 through September 
1949). There were 75 entries in the 
news writing competition and 108 
in the magazine field, 

Honorable mention in the maga¬ 
zine field was voted by the judges to 
Herbert Yahraeii a free-lance 
writer of Stanfordvillo, New York, 
for his article, “How to Keep Away 
From the Dentist, M which appeared 
in the March 1949 issue of Harper's 
Magazine. 

Although Mr. Grant said later he 
had worked harder on the cancer 
aeries than on any previous science 
writing, he had not originally en¬ 
tered his series. Late in September 
John W. Tietz, of the Department of 
Biology, Do 'Witt Clinton High 
School In Now York City, wrote to 
the A A AS suggesting that the can¬ 
cer series be considered. Asked if 
he did not wish to enter the competi¬ 
tion in view of the nomination by 
an AAAS member, Mr. Grant sub¬ 
mitted the cancer series on October 
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7—only 24 hours ahead of the dead¬ 
line. Mr. Yahraes * article was sub¬ 
mitted by Harper's and he then with¬ 
drew' another article he previously 
had entered. Both Mr. Grant and 
Mr. Yahraes lmd been Nieman Fel¬ 
lows at Harvard, Mr. Grant in 1948 
and Mr. Yahraes in 1943. 

Mr. Grant, at 36, has been a news¬ 
paper man for 19 years and science 
reporter on the Herald Tribune for 
three years. He was born in Taft, 
California, but calls Sun Francisco 
his home town, 

Mr. Gray is 63. Bom In Caldwell, 
Texas,, he has been a free-lance 
writer for many years. His articles 
hove appeared in The Atlantic 
Monthly, Harper's, This Week, The 
Yale Mctriew, The American Maga - 
zinc , The New York Times Magazine, 
and Scientific American, among 
others. He was graduated from Har¬ 
vard in 3912. 

Judges this year, chosen as repre¬ 
sentatives of the general public, 
science, newspapers and magazines, 
were: Morris Meister, retiring presi¬ 
dent of the National Science Tench- 
erg Association and principal of the 
Bronx (New York) High School of 
Science, chairman ; Henry R. Aldrich, 
secretary, Geological Society of 
America; Detlev Bronk, president, 
The JohitB Hopkins University, and 
chairman, National Research Coun¬ 
cil ; Kent Cooper, executive director, 
The Associated Press; John R. Dunn¬ 
ing, nuclear physicist, Columbia Uni¬ 
versity ; Clifton Fadiman, a member 
of the board of judges of the Book- 
of-the-Month Club; Rudolph Ftesch, 
readability consultant, and Edward 
Weeks, editor, The Atlantic Monthly. 

Previous winners of the $1,000 
award for newspaper science writing 
are Janies G. Chesnutt, of the San 
Francisco Call-Bulletin, George 
Keaney, of the New York World- 
Telegram, and Frank Carey, science 
reporter in the Washington Bureau 
of the Associated Press. Previous 
winners in the magazine field are 
Steven M. Spencer, associate editor 
of The Saturday Evening Post, and 
Dr. Florence Moog, St* Louis scien¬ 
tist and writer. 

The awards were established in 
1946 to stimulate interest among 
young writers in making careers of 
science writing, and to encourage 
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higli standards of science writing in 
newspapers and magazines. 

About People 

Vannevar Bush, president of the 
Carnegie Institution of Washington, 
has been elected a director of Merck 
and Company, Inc., manufacturing 
chemists of Rahway, New Jersey. 

Roger Adams, head of the Chem¬ 
istry Department, University of Illi¬ 
nois, and chairman of the American 
Chemical Society’s Board of Direc¬ 
tors, will be made honorary member 
of the American Institute of Chem¬ 
ists on January 13. The award will 
be made nt n meeting of the Chicago 
chapter of the Institute, to be held 
at the Western Society of Engineers, 
Chicago. 

George Sachs has resigned as di¬ 
rector of the National Metallurgical 
Laboratory, Jamshedpur, India, and 
has established offices as consulting 
engineer in Cleveland. Dr. Sachs has 
been appointed president of the 
newly established Metals Research 
Associates, Inc., Cleveland. He will 
also act as consultant to the National 
Advisory Committee for Aeronautics. 

The 80th birthday of Wesley R. 
Coe, professor emeritus of biology 
at Yale University, and visiting re¬ 
search associate at the Scripps Insti¬ 
tution of Oceanography, was cele¬ 
brated on November 11 at a dinner 
given by the faculty of the institu¬ 
tion. Professor Coe was presented 
with a volume of complimentary let¬ 
ters from colleagues, fellow biolo¬ 
gists, and former students. * 

William W. Rubey, staff research 
geologist of the U. 8. Geological 
Survey, has been elected president 
of the Geological Society of Amer¬ 
ica to serve during 1950. 

Howard T. Evans, former head of 
the X-ray Diff raction Division of the 
Massachusetts Institute of Technol¬ 
ogy Insulation Research Labora¬ 
tory, lias joined tlio staff of the 
Philips Laboratories, Irvington-on- 
Hudsou, New York, for work on the 
application of x-ray crystallography 
to the study of the physics of solids. 

Peter Bernfeld, formerly of the 
University of Geneva, has been ap¬ 
pointed assistant professor of bio¬ 
chemistry at Tufts College Medical 
School. He will carry out enzyme- 
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logical research in 'the laboratories 
of the Cancer Research and Cancer 
Control Unit. 

Visitors 

Investigators working in the lab¬ 
or atoriee of tho Department of 
Zoology, University of Chicago, in¬ 
clude p. Ferreira-Berrutti, of the 
University of Montevideo (a Rocke- 
feller Fellow); Gert Andrea, of the 
University of Bern (Fellowship un¬ 
der the American Cancer Society); 
Fiamettm Rossetti, of the Univer¬ 
sity of Rome (Fellowship under Pub¬ 
lic Health Service Grant). 

Grants and Awards 

AAAS Research Grants have 
boon awarded by the Washington 
Academy of Science to: Edward C. 
Raney, associate professor of sool- 
ogy and fishery biology, Cornell Uni¬ 
versity, $150 for assistance in a 
study on the distribution of the fishes 
of Virginia; Angus M, Griffin and 
Jeanna C. Moan , Department of Bac¬ 
teriology, School of Medicine, George 
Wiisliington University, $2,50 foT as 
sistance in completing a study on 
induced variations in the group of 
conform organisms. 

The British Royol Society has 
awarded two Royal Medals for 
1949: to George Thomson, for his 
contributions to many branches of 
atomic physics, and especially for his 
work in establishing the wave prop¬ 
erties pf the election; and to B. A. 
Peters, for his biochemical re¬ 
searches, in particular his investi¬ 
gations of the biochemical role of 
vitamin B s in tissue metabolism and 
of the toxic action of lewisite and 
other arsenical compounds. The 
Royal Society also awarded the 
Copley Medal to G. C. de Heveey, 
for his work on the chemistry of 
radioactive elements and especially 
for his development of radioactive 
tracers; the Davy Medal to A. R. 
Todd, foT his structural and syn¬ 
thetic studios in organic and bio¬ 
chemistry, with special reference to 
vitamins B, and E and the naturally 
occurring nucleosides; the Sylvester 
Medal to L. J. Mordell, for his 
researches in pure mathematics, es¬ 
pecially for discoveries in the theory 


of numbers; and the Hughes Medal 
to C. F. Powell, for his work on the 
photography of particle tBacks in 
connection with the discovery of 
mesons and their transformation. 

The National Cancer Institute 
recently awarded $2,174,900 to 14 
hospitals, universities, and other in¬ 
stitutions for construction,^ cancer 
research facilities. The new awards 
are as follows: Boston University, 
$49,900; Duke University, $200,000; 
George Washington University, 
$260,000; Loyola University's' 
Stritch School of Medicine, $200,- 
000; Ohio State University, $300,- 
000; Oklahoma Medical Research 
Foundation, $125,000; University of 
Pittsburgh, $200,000; University of 
Southern California, $200,000; Stan¬ 
ford University, $100,000; the M. D. 
Anderson Hospital for Cancer Re- 
search, University of Texas, $100,- 
000; Wayne University College of 
Medicine and Detroit Institute of 
Cancer Research, jointly, $150,000; 
Western Reserve University and the 
University Hospitals of Cleveland, 
jointly $300,000. 

The Gargaa Award for 1949 was 

presented to H. Trendley Dean, di- 
rector of the National Institute of 
Dental Research, U. 8. Public Health 
Service, at a meeting Inst month of 
the Association of Military Burgeons 
of the TJ. 8. Dr, Dean received the 
award for his demonstration of the 
relation of fluoride-bearing waters 
to dental health. 

New York University-Bellevue 
Medical Center has received two 
separate gifts totaling $550,000: one 
of $450,000 from Bernard M. 
Baruch ; the other $100,000 from the 
Louie J. and Mary E. Horowitz 
Foundation. The two gifts will be 
applied to the construction of that 
section of the Medical Center which 
will house the Institute of Physical 
Medicine and Rehabilitation in its 
new permanent home. 

Harald H, Nielsen, chairman of 
the Department of Physics and As¬ 
tronomy at Ohio State University, 
has been awarded the Medal of the 
University of Lifcge to recognition 
of his personal achievements in the 
field of infrared spectroscopy and 
his leadership of the Phystos De- 
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partment at Ohio State. Dr. Niel¬ 
sen is on leave of absence while 
studying and working in Europe 
under a Guggenheim Fellowship. 

Fellowships, Scholarships, 
and Prizes 

The National Science Fund will 
award, on behalf of the Sugar Re¬ 
search Foundation, a prize of $25,- 
000 for the most significant discovery 
in the utilization of sugar made dur¬ 
ing the past five yeafs. " Applications 
must be submitted by February 1 , 
and the prize will be awarded March 
15. Additional information may lie 
obtained from the National Science 
Fund of the National Academy of ^ 
Sciences, 2101 Constitution Avenbe, 
Washington 25,1). C. r 

Availability of the Damon Run¬ 
yon Clinical Research Fellowship* 

.has been announced by the American 
Cancer Society. In most cases a 
fellowship will provide a period of 
training in a, hospital under the guid¬ 
ance of n qualified clinical investiga¬ 
tor, but it may be awarded for train¬ 
ing in a basic science provided that 
such training is directed toward pre¬ 
paring the fellow for clinical cancer 
research. Fellowships are adminis¬ 
tered by the society upon recom¬ 
mendation of the Committee on 
Growth of the National Research 
Council. Applications submitted 
prior to March J , JM0 will he acted 
upon during April. Communications 
should he addressed to the Executive 
Secretary, Committee on Growth, 
National Research Council, 2101 Con¬ 
stitution Avenue, Washington 25, 

D. C. 

The Edwards A. Deeds Fellow¬ 
ship for research In physical science 
(engineering, metallurgy, chemistry, 
physics, mathematical physics, or 
any related subject) is being offered 
by the University College, Dundee, 
Within the University of St. Andrews. 
The fellowship, open to both men and 
women, is of the value of £750 to 
£1050 per annum and is tenable for 
three yeaT#. The fellow will have 
the status of a university lecturer 
and, as port of his duties, may do a 
limited amount ©fAdvaneedteaching 
■ to hit department. AppHcattons > 
>^b4as£l4 
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Secretary, University College, Dun* 
dee, Scotland, not later than March 

si> mo. 

Colleges and Universities 

The Botany Department of the 
University of California at Berke¬ 
ley baa received an endowment fund 
of $320,000 from the estate of the 
late Willis Linn Jepson, professor 
emeritus of botany. The will stipu¬ 
lates that the fund ho used for care 
and maintenance of the Jepson her* 
barium, and library, the completion 
of the Flora of California , the revi¬ 
sion of the Manual of the fi&ioering 
plant# of California, and the furthor- 
1 ancu of studios on the flowering 
plants of the state and Rdjacent 

areas. 

*% 

A now course, "Introduction to 
Oceanography , J f ha# been added to 
the graduate curriculum in biological 
oceanography, recently introduced by 
the Narraganaett Marine Labora¬ 
tory of Rhode Island State College 
with the cooperation of the Woods 
Hole Oceanographic Institution. 
Lecturers include Columbus OT>. 
Iselin, Woods Hole director, and 
Charles J, Fish, Narragansett direc¬ 
tor, 

The Johns Hopkins University 

has accepted responsibility for opera* 
tioa of the scientific research and ad¬ 
ministration of the Arctic Hose arch 
Laboratory at Point Barrow, Alaska, 
under a contract with the Office of 
Naval Research. George E. Mac* 
Gdnitie has been appointed resi¬ 
dent director of the laboratory to 
coordinate the research at Point Bar¬ 
row* prof. MacGfnltic ifc on leave of 
absence from the California Insti- 


ary 11-12 in Washington, D. C. The 
conference, entitled "Weather and 
the Building Industry, * * will consider 
the climatological research and itB 
effect on building design, construc¬ 
tion, materials, and equipment, 
Francis W. Reiehelderfer, chief of 
the U- 8, Weather Bureau, and Paul 
Stiple and Helmut Landsberg, of the 
National Military Establishment, 
will take part in the conference. 
Those wishing to attend should com¬ 
municate with William H. Scheick, 
executive director of the Building 
Research Advisory Board, National 
Hosoarch Council, 2101 Constitution 
Avenue, Washington 25, I). C. 

The Sixth Annual Conference on 
Protein Metabolism, sponsored by 
the Bureau of Biological Research 
at Rutgers University, New Bruns¬ 
wick, New Jersey, will be held Janu¬ 
ary 27-28, Biosynthesis of the 
purines, effects of protoin depletion 
on enzymes, transaminases and re¬ 
lated enzymes in amino acid syn¬ 
thesis, alternative metabolic path¬ 
ways leading to cancer, rates of 
plasma protein formation in man, 
and intravenous therapy in man will 
be discussed respectively by John 
M. Buchanan, University of Penn¬ 
sylvania j Earl P. Benditt, Univer¬ 
sity of Chicago; Irwin C, Gunsalua, 
Indiana University; Van R. Potter, 
University of Wisconsin; Irving M. 
London, Columbia University; and 
Charles S. Davidson, Boston City 
Hospital. The conference j# open 
to ktt interested persons who register. 
Inquiries should be addressed to Wil¬ 
liam H. Cole, Rutgers University, 
New Brunswick, New Jersey. 

The third annual symposium on 
modem methods of analytical 
chemistry, sponsored by the College 


tutc of Technology. The work at the 
Arctic Laboratory Will be entirely 
hendlod by univenlty scientists «ad ° f Chemistry and Phyaio*, Louisiana 

their work will fee unclawiflea. The *Ute Univoraity, will be held .T*n«- 

laboratoty waa eatabllahed in August «y 30-Pebruary 2 on the unirentfty 

1047 m a frontier arctic tield atation eatnpua. Further information may 

for baaio ecientifie reaearclt of physi- be obtained from Philip W. Wert, 

>«H Mid bi»h»ttlcal Phenomena never Department of Chemistry, Louisiana 

" ^ State University, Baton Rouge, Loui¬ 

siana. 

The American Society for HortL 
1 '> 1 ■» ««gr > «tphwriu ' ywrt.- cultural Science elected the fallow- 

. • Wy# • f% iff -Research Ad- ■ ing officers for the year 1942—50: 

held its first ;: presidents, L. Eh^ 

-' fittst^BtsHo^Beltsville, Maryland; 
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vice president, A, F. Yeager, Uni¬ 
versity of Now Hampshire, Durham; 
secretary-treasurer, Freeman 8, Hew¬ 
lett, Ohio Agricultural Experiment 
Station, Wooster. H. B. Tukey, edi¬ 
tor of the Proceedings since 1228, 
offered his resignation effective 
January 1; 

Raymond F. Guy, manager of ra¬ 
dio and allocations engineering of 
the National Broadcasting Company, 
has been elected president of the 
Institute of Radio Engineers for 
1950. He will succeed Stuart L. 
Bailey, of Washington, D. C. on Jan¬ 
uary 1. Sir Robert Watson-Watt, 
British radar authority, has been 
elected vice president. 

The American Society of Profes¬ 
sional Biologists, Inc., recently an¬ 
nounced the election of tho follow¬ 
ing officers: president, Roy F. Fritz, 
Department of Public Health, Berke¬ 
ley, California; president-elect, Ar¬ 
chie D. Hess, U, S. Public Health 
Scrvico, Savannah, Georgia; treas¬ 
urer, Alfred A. Draper, director of 
Steffan Laboratories, New York 
City; vice presidents, William Levin, 
director, Oregon Hygienic Labora¬ 
tory, Portland, Oregon; H. Orin Hnl- 
vorson, head, Department of Bacteri¬ 
ology, University of Illinois; Martin 
D. Young, U. 8. Public Health Serv¬ 
ice, Columbia, South Carolina; Rob¬ 
ert M. Johnston, director, Johnston 
Laboratories, Harrisburg, Pennsyl¬ 
vania; executive secretary, Norman 
C. Laffer, associate professor of bac¬ 
teriology, University of Maryland. 

Recently Received— 

Nuclear Science Abstracts, U. S, 
Atomic Energy Commission. Vol, 
3, No. 5* Technical Information 
Branch, Oak Ridge. 25$. 

1948 Annual Report of the John 
and Mary Merkle Foundation. 
John and Mary Marble Founda¬ 
tion, 14 Wall Street, Now York 
"City.' . ■' 

Goethe and Pharmacy; George Ur- 
dang. American Institute of the 
History of Pharmacy, Madison. 

A Half Century of Globular Clue? 

, tars* Harlow Bhaplsy. Harvard 
' reprint 820. Harvard Obseriri^ ■ 
: : ; 
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The Society lor Clinical end Ex¬ 
perimental Hypnosis, 26 West 9th 
Street* New York City, is organising 
a reprint library and would appro* 
ddte receiving two reprint* each of 
any article dealing With hypnosis. 
Beprints may be forwarded to the 
society, attention of Jerome M, 
Schueek, chairman, 

Mental Hoepital Service, the 
clearinghouse soon to be eatabliehed 
by the American Psychiatric Amo- 
elation to serve mental hospitals and 
other institutions caring for psychi¬ 
atric patients in the U. S. and Can¬ 
ada, will have its headquarters in 
Washington, D. C., under the direc¬ 
tion of Daniel Blain, medical direc¬ 
tor of APA, A grant from the 
Commonwealth Fund of $46,000 
made the project possible, but it is 
expected that St will eventually be 


resignation from the ABO will be 
effective December 31, presided, 

A "breeder” reactor, using fast 
neutrons to convert the nonexplosive 
and naturally occurring uranium £36 
to fissionable plutonium, has been 
designed at Argonne National Lab¬ 
oratory, it was announced, and will 
be built next year at the commis¬ 
sion ’s new nuclear reactor, testing 
station near Arco, Idaho. The the¬ 
oretical possibility of a pile that 
produces moie fuel than it consumes 
was announced by the ABC two years 
ago. Now engineering work is more 
than 90 percent completed and the 
reactor will be tested about 18 
months hence. Dr, Lawrence Hafstad, 
director of the reactor program, 
called the project * * the biggest . . . 
peacetime development in atomic 
energy that has been made.” 


Another breeder is being developed 
to produce significant amounts of < 
electric power, using neutrons in the < 
intermediate energy range. Con¬ 
struction is expected to begin at the 
site of the Knolls Atomic Power 
Laboratory early next year. If suc¬ 
cessful, the Knolls reactor will point 
the way toward production of useful 
power without depleting the national 
supply of fissionable materiel. 

The commissioners said they ex¬ 
pected that by 1952 the ABO would 
be building an dtoiuc engine for ship 
propulsion. They .also announced the 
design of an experimental realtor 
to provide information on the be¬ 
havior of materials under severe 
radiation conditions. This is of par¬ 
ticular interest in the 'development of 
reactors for the propulsion of air¬ 
craft. 


self-supporting through subscription 
fees from participants. 

The U. S. National Committee 
on Theoretical and Applied Me¬ 
chanics, recently formed by seven 
national scientific and engineering 
societies, has been admitted as an 
adhering body to the International 
Union of Theoretical and Applied 
Mechanics. Member organizations 
of the committee are the Society for 
Experimental Stress Analysis, Amer¬ 
ican Society of Civil Engineers, 
American Institute of Chemical En¬ 
gineers, Fluid Dynamics section of 
the American Physical Society, In¬ 
stitute for Aeronautical Sciences, 
American Mathematical Society, and 
the American Society of Mechani¬ 
cal Engineers. Future plans call 
for American representation at a 
collegium on geophysics in 1959, and 
at a meeting of the IUTAM in 
Borne. Plans are now under way 
for an international congress for 
theoretical and applied mechanics to 
beheld in the U. 6. during 1951. 

The reactor development pro¬ 
gram of the Atomic Energy Com¬ 
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Statement of the National Academy of Sciences 
on the AEC Fellowship Program 


The provision for loyalty and security investigation 
of all Atomic Energy Commission fellows, included in a 
rider to the 1950 Independent Offices Appropriation Act 
passed by Congress last August, has far-reaching impli¬ 
cations for scientists and scientific freedom. It posed an 
immediate problem to the National Academy of Sciences: 
whether or not its National Research Council should con¬ 
tinue <4 administer the AEC fellowship program under 
the new restrictions. A quasi-governmental body, the 
NEC accepts an obligation to give any advice it can to 
a government agency that asks it. But discussions within 
the Academy and the NRC revealed almost unanimous 
opposition to the application of clearance procedures to 
fellows working in nonsecret areas. 

When the AEC asked for advice on the future direction 
of ils fellowship program the Academy replied: 

We arc convinced that by this restriction the value of 
the broad program has been greatly reduced ; we have 
grave doubts whether [ittf] continuance . . . thus restricted 
is in the national interestn. . . . 

Since we hold these views, we believe that the National 
Research Council should not accept the responsibility for 
administering the altered fellowship program. 

We hope that, to the extent to which the Atomic Energy 
Commission continues the program, it will find it possible 
to administer it without our help. Nevertheless, in the 
measure in which our advice in one form or another may 
prove necessary to the Commission , we recognise an obli ■ 
gallon to provide such advice. 

We would further urge the Atomic Energy Commission 
to take all proper steps to see that these restrictive pro¬ 
visions be omitted from future legislation. We in turn 
shall make known to the Government of the United Mates 
the reasons for the views here expressed. 


I N AUGUST 1949, the Congress passed an amend¬ 
ment to the Independent Offices Appropriation 
Act of 1950 which requires that holders of 
Atomic Energy Commission fellowships must be 
given clearance from the AEC after having been in¬ 
vestigated as to character, associations, and loyalty 
by the Federal Bureau of Investigation. On the basis 
of the record of the hearings before the Joint Con¬ 
gressional Committee, this enactment is believed to 
carry the implication that the fellowship program is 
designed to provide the nation with scientists who are 
not only trained to utilise knowledge of nuclear en¬ 
ergy and fissionable materials in their study of prob¬ 
lems in physics, biology, medicine, etc., but who also 
would be available for work associated with the classi¬ 
fied activities of the AEC. 

To explore means for meeting this implication and 
at the same time discharging its statutory obligation 
to render assistance within ita competence to any gov¬ 
ernment agency requesting it, the National Academy 


The AEC considered and rejected this suggestion that 
it should take over administration of the program , stating 
as its reasons; 

1. The AEC believes any fellowship program affecting 
a substantial number of students training in broad and 
established fields of science should be administered by a 
scientific or educational organisation. While an executive 
agency of the Government may properly sponsor such a 
program, it should not administer it. 

8. The National Academy of Sciences, the senior agency 
for cooperation between the Government and the scientific 
community, has gone on record as opposing FBI investi¬ 
gation of fellows appointed to nonsecret work . It would 
be extremely difficult to administer an effective fellowship 
program that did not have the full support of the scien¬ 
tific community. 

Further consultation and correspondence between offi¬ 
cials of the Academy and those of the AEC led to agree¬ 
ment on a contract for NRC administration of a fellowship 
program for 1950-51 revised to meet the new conditions. 
No new predootoral fellowships tofll be offered for 1960- 
51. Postdoctoral fellowships will be limited to work re¬ 
quiring secret information. To fulfill prior commitments, 
applications for renewal of current nonseoret predootoral 
fellowships and postdoctoral medical fellowships will be 
accepted, subject to the clearance provisions . It t* ex¬ 
pected that about 76 new awards will be offered and 
about 176 renewals granted . There are now 481 AEC 
fellows, SO engaged in secret work and S9l in nonsecret 
work. 

The statement by the National Academy of Sciences is 
reproduced here, together with related correspondence be¬ 
tween the Academy and the AEC. 


of .Sciences held discussions within its council and 
membership and its officials met with those of the 
AEC. To carry out the decisions thus reached, the 
Academy has agreed to enter into a contract pro¬ 
posed by the AEC, under the terms of which the NRC 
will administer during 1950-51 a new program of 
fellowships, limited in scope and differing in character 
from that previously in force. 

Commitments for renewals for 1950-51 of fellow¬ 
ships awarded for 1949-50, as published in previous 
NRC announcements, will be fulfilled, subject, how¬ 
ever, to the provisions of the new law. 

The revised fellowship program was developed after 
the AEC had been informed of the opinions of the 
council of the Academy regarding the influence of 
the new restrictions and of its members' convictions 
concerning the responsibilities of the Academy to 
American science, as well as to the Government of 
the United States, It is described in the following 
letter. 
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Letter dated December 9 from Carroll L. Wilson, 
general manage* of the V. 8. Atomic Energy Com¬ 
mission, to Alfred N. Richards, president of the Na¬ 
tional Academy of Sciences: 

“The Commission has carefully considered the con¬ 
ditions set forth in your letter of November 30 under 
which the National Academy is willing to authorize 
the National Research Council to administer a new 
and more limited Atomic Energy Com mission Fellow¬ 
ship Program. The Commission plans to explore 
further the desirability of sponsoring in some way a 
predoetoral fellowship program in fields relating to 
atomic energy. It intends, of course, to seek the ad¬ 
vice of the Academy on this question. In the mean¬ 
time the Atomic Energy Commission requests the Na¬ 
tional Academy of Sciences to authorize the National 
Research Council to administer a program of Atomic 
Energy Commission fellowships in accordance with 
the following conditions: 

“1. Predoetoral fellowships will not be offered by 
the National Research Council for the academic year 
.1950-51. 

“2. In order that commitments in announcements of 
the predoetoral fellowships and of the postdoctoral 
medical fellowships for 1949-50 shall be fulfilled, ap¬ 
plications for renewal of current fellowships in these 
categories will be solicited by the National Research 
Council and renewal recommended for those whose 
progress warrants it However, because of the 
amendment to the Independent Offices Appropriation 
Act of 1950, such recommendations can become effec¬ 
tive only after the applicant has been investigated as 
to character, associations and loyalty by the Federal 
Bureau of Investigation and clearance given by the 
Atomic Energy Commission. Hence those whose ap¬ 
plications for renewal are approved by the National 
Research Council will receive from the Atomic En¬ 
ergy Commission a copy of the amendment referred 
to above and a porsonnel security questionnaire which 
must be filled out and returned before the FBI in¬ 
vestigation can be initiated. Decisions by AEG, 
based upon the FBI report, will determine the fellow¬ 
ship awards. 

“3. The National Research Council will administer 
a limited program of postdoctoral fellowships in the 
physical sciences, biology, biophysics and medicine for 
advanced training in fields of secret work or in prob¬ 
lems which require access to restricted data. For 
holders of these fellowships, FBI investigation and full 
security' clearance constitute an accepted requirement. 

“In the physical sciences, the fields of study will be 
limited to those closely related to the Atomic Energy 
Commission program, such as the chemistry and nu-. 
clear physics of elements of atomic number 99 and 
above, the neutron physics of the elements, the effect 


of high energy radiation on matter, the chemistry of 
elements in the fission product range, and the separa¬ 
tion of isotopes. 

“In biology, biophysics, and medicine, the research 
fields will include experimental aspects related to 
atomic energy which require the use of the special 
facilities available in the AEC installations and/or 
acc^s to restricted data. This work would include 
studies f uch as the physiological and toxicological 
effects of fission products, and the development of 
radiation instruments as applied to biological and * 
health physics problems of a classified nature. 

“4. The administrative commitments set forth in this 
letter do not extend beyond June 30, 1951. 

’ “We understand from your letter of November 30, 
1949 that the National Academy of Sciences agrees to 
the provisions enumerated above. Members of the 
staff of the Commission will arrange with the Na¬ 
tional Research Council for the implementation of 
this fellowship program and for public announcement 
of the revised program.” 

The correspondence that led up to Mr. Wilson's 
letter of December 9 follows . 

Letter dated September 27 from Carroll L. Wilson, gen¬ 
eral manager of the U. S. Atomic Energy Commission, to 
A. N. Richards, president of the National Academy of 
Sciences: 

On August 18, 1949, Mr. Carleton Shugg, Deputy Gen¬ 
eral Manager, wrote to you calling attention to the pro¬ 
vision of the Independent Offices Appropriation Act which 
concerns fellowships. At that time the immediate legal 
obligations particularly in relation to the renewal of 
present fellowships were emphasized. At this time it 
seems appropriate to initiate a general consideration of 
the futilre scope and character of the fellowship program. 
The recommendations of the National Academy of Sci¬ 
ences and the National Research Council in these matters 
will be welcomed. 

Letter dated November £ from Alfred N . Richards, 
president of the National Academy of Sciences, to Carroll 
L. Wilson, general manager of the U. S. Atomic Energy 
Commission: 

In your letter of 27 September 1949, addressed to the 
National Academy of Sciences, you have stated that 
recommendations of the National Academy of Sciences 
mid the National Research Council concerning future 
scope and character of the Atomic Energy Commission 
fellowship program would be welcomed. The question 
has accordingly been made the subject of lengthy dis¬ 
cussion by the Council of the Academy, the opinions of 
the entire membership of the Academy have been solicited, 
and at two business sessions of the Academy at its meet¬ 
ing In Rochester, October 24-26, the question was thor¬ 
oughly debated and the sense of the meeting ascertained. 

The attached statement was drawn up by the Council 
of the Academy and submitted for discussion to those 
members of the Academy who attended the autumn meet¬ 
ing. It may be regarded as representing the opinion of 
the Council and of a large majority of the members who 
have had the opportunity of discussing it. 

It might clarify your understanding of the second part 
of the second sentence of the second paragraph If I tell 
you that the wording of that sentence if a last-minute 
change made at an informal meeting of the Council from 
a sentence which read as follows: “Wehave grave doubts 
whether a program thus restricted is more in the national 
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interest than no such broad AEC fellowship program 
at all . 9 9 

The part of the statement entitled “Annex” is to be 
regarded as an appendix which might be made the sub* 
ject of discussion with you. 

Statement Concerning the AEC Fellowship Program 
Prepared by the Council op the National Academy 
of Sciences and Submitted by its President 
The Comicil of the National Academy of Sciences has 
considered the request of the Atomic Energy Commission 
for advice as to the scope and future of the fellowship 
program, in the light of the restriction placed upon it by 
the amendment to the Independent Offices Appropriation 
Act of 3950. 

In our opinion the requirement of FBI investigation 
and Atomic Energy Commission clearance is ill-advised 
for those fellows who neither work on secret material, nor 
are directly preparing for work on Atomic Energy Com¬ 
mission projects. We are convinced that by this restric¬ 
tion the value of the broad program has been greatly 
reduced; we have grave doubts whether the continuance 
of the Atomic Energy Commission Fellowship Program 
thus restricted is in the national interests. In these views 
we concur with the opinion expressed by the Executive 
Board of the National Research Council, 

Since we hold these views, we believe that the National 
Research Council should not accept the responsibility for 
administering the altered fellowship program. 

We hope that, to the extent to which the Atomic Energy 
Commission continues the program, it will find it possible 
to administer it without our help. Nevertheless, in the 
measure in which our advice in one form or another may 
prove necessary to the Commission, wo recognize an obli¬ 
gation to provide such advice. 

We would further urge the Atomic Energy Commission 
to take all proper stops to see that these restrictive pro¬ 
visions be omitted from futuro legislation. We in turn 
shall make kuown to the Government of the United States 
the reasons for the views here expressed. 

Annex 

1. We hope the Atomic Euergy Commission will itself 
operate this program. 

2. We regard it as a proper function to advise on setting 
up Atomic Energy Commission panels to select fellows. 

3. If it is not possible for the Atomic Energy Commission 
to set up panels, the National Research Council will 
upon request make an assessment of the qualifications 
or the fellows and a report on the progress of their 
work. 


4. Announcements should be made by the Atomic Energy 
Commission and the extent of the participation if any 
of the National Research Council should be made 
clear. 

5. In announcing the fellowships we believe it the duty 
of the Atomic Energy Commission to see that the pros¬ 
pective fellows are told the nature of FBI investiga¬ 
tion and the criteria by which decisions are to be made 
by the Atomic Energy Commission. 

6. Our special misgivings about FBI investigation and 
Atomic Energy Commission clearance do not apply to 
candidates for secret work. 

October 26, 1949 

Letter dated November 17 from Carroll L. Wilson, gen - 
eral manager of the 17. S. A tomic Energy Commission, to 
Alfred N . Itidhards , president of the National Academy 
of Sciences; 

We have considered your letter of November 2, 1949, 
and its attached statement prepared by the Council of the 
National Academy of Sciences. We understand that the 
Academy does not believe that the National Research 
Council should accept the responsibility for administering 
the Atomic Energy Commission fellowship program as 
filtered by the amendment to the Independent Offices 
Appropriation Act of 1950. We regret that the restric¬ 
tions imposed by the fellowship rider have made it neces¬ 
sary for the National Academy of Sciences to come to 
that conclusion. We feel, and we know you must also 
feel, that fairness to prospective fellowship applicants de¬ 
mands a statement in the near future of the status of the 
fellowship program. We are therefore writing to inquire 
if it would be acceptable to the National Academy of 
Sciences to have the National Research Council administer 
a fellowship program limited, during the period the re¬ 
strictions of the amendment apply, by the conditions 
listed below. 

1. No new appointments are to bo made to predoetoral 
fellowships, except possibly for a small number of fellow¬ 
ships in secret fields. 

2. The present broad program of postdoctoral fellow¬ 
ships is to be limited to those candidates whose proposed 
research is such that, in the opinion of the Commission, a 
high probability exists of subsequent employment requir¬ 
ing access to secret data. Follows would not be obligated, 
however, to accept subsequent employment by the Com¬ 
mission or one or its contractors. We would expect this 
limitation to confine postdoctoral fellowships in the phys¬ 
ical sciences to fewer fields than are now open. The 
present program of postdoctoral fellowships in the bio- 

(Continued on page 670) 


Growth Failure in School Children as Associated with 
Vitamin B l2 Deficiency—Response to Oral Therapy 

Norman C* Wetzel, Warren C. Fargo, Isabel H. Smith, and 
Josephine Helikson 1 

The Children's Fresh Air Camp and Hospital , Cleveland , Ohio 


D espite its original property as 

a growth-promoting agent for certain bac¬ 
teria (4) and subsequent evidence that it 
stimulates animal growth (i, 2 ), studies of 
vitamin B I2 in man have been confined to its hem&to- 

* With the technical assistance of Dr. Francis Bayloss. 
Rdna Chapman, and Barney Tautkln#. 


poietic, clinical, and neurological effects in disease— 
viz*, pernicious anemia and sprue* Information on its 
more general nutritional value has thus far had to 
come from animal work, in which growth could be 
experimentally held in check as desired, through puri¬ 
fied diets, and thus through deprivation of B u or of 
other food constituents, with or without caloric res trie- 
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tiou; Since deliberate depletion in children is ex¬ 
cluded, the growth effects of B lz must be studied 
under constraints which parallel those in anemia, in 
the sense that results must be appraised, not under 
normal blood or growth conditions, but in states of 
hematopathology and of growth failure, respectively. 
In the case of growth disturbance, however, the con¬ 
straints are even more rigid, for, although it is per¬ 
missible to follow B 1Z hematopoiesis in “untreated” 
or in “recently untreated” patients—that is, essentially 
under initial conditions of depiction—it happens that 
any one of a number of nonspecific agents, even mere 
environmental change, can set recovery from growth 
failure in motion. What this means is that a growth 
stimulus attributable to vitamin B la must be demon¬ 
strated in the face of whatever recovery had already 
set in, and hence by potentiation of such prior ef¬ 
fects, which had themselves, moreover, been sufficiently 
stable to be taking place under a condition of statis¬ 
tical control. Technically, the problem is one of “im¬ 
proving an improvement” and of measuring both. 

Certain other aspects should be considered in order 
to clarify interpretations, Onset of simple growth 
failure in school age children, as evaluated by the 
Grid technique (5), is characterized by quite specific 
deviations beyond known tolerance values for two 
chief parameters, the direction (Fig. 1-A) and the 
speed of physical development (B), with associated 
deviations in body size (level) and shape (physique 
channel) and with the consequent accumulation of 
corresponding caloric “fuel debts” (tf). Recovery, on 
the other hand, is measured by reversal of such trends 
and, in particular, by the extent to which physique is 
restored, lag made up, and fuel debt repaid, 

For practical purposes, the chief tolerance values in 
healthy growth may be taken as follows: no child 
should lose more than § channel of physique in 10 
levels of advancement and it should not fail by more 
than 2 or 3 levels to attain its expected year-end level 
position if it is to develop at the normal rate of 1 level 
per month ot 12 levels per year. These parameters 
and tolerances, it may be emphasized, are independent 
of race, sex, weight, height, size, shape, and—up to 
maturation—of age. 

As a rule, recovery from and treatment of simple 
growth failure in school children, whether mild, mod¬ 
erate, or severe as regards physique loss, level lag, or 
calorie debt, is readily achieved through systematic 
programming designed to meet individual needs (6). 
Some of the prominent elements of such programs are 
good hygiene, balance between exercise and rest, 
planned calorie conservation, and emotional calm, all 
aimed at restoring physique to par, and eliminating 
lag and fuel debts. The affliction is peculiarly ame- 



Fjo. 1. Growth responses to oral vitamin Brt. 
reetlonal shift with InareasinK physique in Case B. B—Level 
gains in five reactors with confidence banda for No. 5. C 
The previous 208-day regression of Grid level on time with 
its 0.001 confidence band ; data show existence of SheWhart 
(.5) state of control. Lower O—Hate of development for 
No. 5, with Htiindard error and error hand. D—Velocity 

surer In No. B following administration of Bn and the 0.001 
confidence hand. 

nable to group or institutional management when indi¬ 
vidual personality problems can be worked out. Ob¬ 
viously, diets must supply all daily needs including 
overages to cover fuel debts (6'); composition approxi¬ 
mates carbohydrates 50 percent, fats 35 percent, and 
proteins 15 percent. On occasion, vitamin supple¬ 
ments are required. Nutrition is clearly to be empha¬ 
sized because it is always involved in recovery, regard¬ 
less of the main or inciting cause or causes that led to 
growth failure, 

We have repeatedly observed beneficial effects from 
vitamin supplements or from oral administration of 
whole liver extract 2 which are specially prescribed 
when progress has been delayed out of proportion to 
physical or other findings. On the other hand, we 
have been impressed with unaccountably slow progress 
in spite of intensive effort to seek out causes and to 
establish more satisfactory recovery rates. At such 
times, the possibility of unknown and otherwise un¬ 
heralded deficiencies has naturally suggested itself. 

In August 1949 wo began to administer 10 ug of 
crystalline vitamin B ia orally* to 11 children (6 boys, 
5 girls; ages 5-12 years) 3 of whom (Nos. 2, 4, 5 of 
Fig. 1) were selected on account of slow progress, the 
remaining 8 at random from a group of 76 under 
regular care for varying degrees of malnutrition and 
in varying states of recovery from simple growth 

■First HmtfcesttHl to us by Paul Gyfirgy In 1941. 

■ Crystalline vitnmln Bv (Coblone*) was kindly supplied 
by the Medical Division of Merck A Company, Inc. of ttafc- 
wny, New Jersey. 
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failure. Oral administration of the same dose was 
continued daily at the time of the usual midmorning 
milk offering. Heights and weights (clothes off) were 

TABLE 1 

Kates of Development, Standard Krroks, Ere. 


On so 
No. 


Levels per month 


Before 


After 


Differ¬ 

ence* 


l | 
Sf t 

& B 


f* 

< 


i 

•> 

3 

4 

5 

«r> 

Controls 
0 Non- 
renctors 


2.50 +0.40 5.30 + 0.42 

0.05 1 0.12 8.40 + 0.60 

0.05 +0.88 4.52 ± 0.00 

1.89 t 0.62 4.71 ± 0,81 

1.113 + 0.050 3.18 + 0.25 

2.27 + 0.13 . 


2.80 + 0.06 0 5.00 0.001 

2.74 + 0.63 15 4.35 0.001 

3.87 ±0.88 7 5.00 0.001 

2.81 ±0.69 10 4.09 0.01 

2.00 + 0.23 13 8.96 0.001 

. 317 ’. 


1.86 +0.12 2,0010.70 0,00 


• Errors of differences computed from pooled variances. 

remeasured weekly ut the same hour. All other pro¬ 
gram elements were strictly maintained as before on 
an individual basis. A child, for example, who had 
been getting extra rest, or another who had been re¬ 
ceiving whole liver extract, continued to do so. 

Five of the original 11 subjects responded dramati¬ 
cally to this single change in routine represented by 
the administration of R 12 , the effects being objectively 
measured by physique and level gains as charted on 
each child’s Grid record and, for utmost accuracy, 
as calculated from the corn's ponding equations for 
physique, P, and level of development, D (5). Before 
and after values of regression coefficients, standard 
errors thereof, and confidence bands for values of 
p = 0.01 and 0.001 were likewise computed, with due 
allowance for degrees of freedom available from the 
number of previous observations. Untreated resident 
children were a time-place-season control group. 

Results summarized in Table 1 and in Fig. 1-B show 
that 4 of the 5 reactors achieved an average gain of 
more than 8 levels in 8 weeks, and thus somewhat more 
than the response of Cose 5 who, though gaining only 
54 levels in the same interval, nevertheless exceeded 
her own 8th week expectancy (as estimated from the 
extension [B] of the regression [C]) by 3.6 levels, so 
that * = 12.3 and p is considerably less than 0.001 for 
the 6 degrees of freedom contributed by the previous 
208-day control period in C. The response of Case 5 
is further defined in Fig. 1-A, -C, and -D. In par¬ 
ticular, her course of development in 1-A, which had 


been deviating by more than 4 channel per 10 levels 
advance, shifted promptly in the direction of increas¬ 
ing physique; in upper 1-0 are the linear regression 
of level on age (time) and the confidence bands for 
p - 0.001; in lower 1-C, the corresponding constant 
rate of development, 1.113 ± 0.050 levels per month, 
with its associated error band of 3<r b . The statistical 
evidence of 1-C illustrates the attainment of Shewhart 
(.?) conditions of control prior to administration of 
vitamin B 12 . Finally, in section Fig. 1-D is shown the 
pulselike surge in the speed of development corre¬ 
sponding to the level gains of Case 5 in 1-B, along 
with the 0.001 confidence band based on the degrees 
of freedom available at successive weekly observations. 
From Fig. 1-B and -D the effect of B 12 had become 
statistically significant at the p = 0.01 level by the end 
of the third week, and at the p = 0.001 value by the 
fourth week. 

Clinical examinations prior to B 12 ingestion revealed 
no characteristic or even suggestive regional signs in 
hair, skin, eyes, mouth, or nervous system. The only 
noticeable clinical changes after B l2 administration 
were those of increased physical vigor, alertness, better 
general behavior, but above all, a definite increase in 
appetite, manifested by demands for “second help¬ 
ings,” as contrasted with comparatively indolent food 
habits before. Moderate cosinophilia (6-8 percent) 
and reticulocytosis (0.6-0.9 percent) were found in 
9 of the 11 subjects. 

The most dramatic general effects were shown by 
Case 2, a boy with severe allergic bronchitis, whose 
sleep for 12 months before had been regularly inter¬ 
rupted by asthmatic attacks and whose daytime wheez¬ 
ing permitted little desire for food, not to mention 
time for eating it. His growth response was accom¬ 
panied by a remarkable attenuation of symptoms; in 
fact, these simply vanished during the first week, to 
the surprise of every attendant, lay or professional. 
What possible connections there may be between B l2l 
its influence on protein metabolism, and allergic dis¬ 
turbance, are questions for further investigation. 

Taken together, the foregoing results speak, and 
they speak with measurable statistical certainty, of 
what may be termed, B i2 functional deficiency, that 
was definitely benefited by oral therapy. As a final 
measure of effects it may be remarked that the growth 
responses were equivalent to another 100-240 days 
of regular institutional care without the help of B 1a . 
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Atom Bomb Cataracts 1 

David G. Cogan, S. Forrest Martin, 
and Samuel J. Kunura 

Harvard Medical School , Bottom , and 
University of California Medical School, 

San Francisco 

At tlie, suggestion of the Committee on Ophthalmology 
of the Rational Research Council, a survey has been 
undertaken to determine what, if any, late ocular effects 
have resulted from the atom bombings in Japan. The 
undertaking was prompted in considerable measure by 
the recent discovery of cataracts in cyclotron workers. 
The survey is being currently carried out under the 
auspices of the Atomic Bomb Casualty Commission, and 
the present communication is a preliminary report on ten 
cases of cataracts which are believed to have been caused 
by the atomic bombs. 

Nino of the patients were exposed at Hiroshima and 
one of the patients at Nagasaki. All were said to have 
had normal visual acuity prior to the bombing and for 
some time afterward. Seven were males and three were 
females. The ages at the time of the exposure were 13 
to 55 years. All were within 550 to 950 meters of the 
hypoesnter at the time of the explosion. Three were 
standing in the forward part of a stroetcar next to 
each other, four were in wooden houses roofed with tile, 
one was crouching behind a wooden building, one was 
walking in the street, shielded by the piaster wall of a 
building, and one is not known to have had any shielding. 
Two had thermal burns of the profile type (that is, due 
to radiant heat); all had epilation of the head after a 
latent period of one to four weeks, with complete bald¬ 
ness lasting three to seven months. Six vomited on the 
day of the explosion, and eight had symptoms one to three 
weeks after the explosion consisting of fever and malaise, 
with vomiting and diarrhea in five and petechiao in five. 
One developed a sloughing lesion of the buccal mucosa 
and another a localized necrosis of the cheek with per* 
foration. Whether these were due to radiation sickness 
or to the insanitary conditions prevailing at the time 
could not be determined. One of the three female 
patients haB bad amenorrhea since the exposure and the 
other two began their menses at ages 17 and 19, approxi¬ 
mately three years after the exposure. 

The only ocular complaint of the patients was failing 
vision. Xu one patient, the onset of subjective visual 
symptoms was said to have been as early as one mouth 
after the bombing, but the patient was in an apprehensive 
mental state at the time and it is by no moans certain 

* This work was sponsored by the Atomic Bomb Casualty. 
Commission, National Research Council, with funds supplied 
by the U. 8. Atomic Energy Commission. 


that this initial complaint was owing to incipient cata¬ 
racts. The latent period of visual symptoms was 6 
months in one patient, 2£ years in one patient, and 2$ 
years in four patients. Three patients had no ocular 
comjJaints. The failure of vision was said to have been 
either gradual or stepwise and fluctuant in the seven 
patients, one of these patients having thought some im¬ 
provement followed each losa. Three of the patients had 
been seen by Japanese ophthalmologists and recognized 
as having cataracts due to radiation: two by H. Ikui 
and one by K. Hiroso. 

- The cataracts consisted of opacities in the axial zone 
of the posterior lenticular capsules over an area of 2 
to 4 mm, with occasional punctate dots farther toward 
the periphery. The 'findings were approximately sym¬ 
metrical in the two eyes. The central opaque disks had 
jagged but nevertheless relatively sharp edges. In the 
five patients in whom the changes were most marked, 
the peripheral portions of the opaquo disks were denser 
than the central portions, forming doughnut-shaped opac¬ 
ities when examined with the ophthalmoscope. With 
the slit-lamp biomicroscope the opacities were of a laco- 
like texture, having a few polychromatic crystals and a 
few vacuoles. The opacities were confined to the pos¬ 
terior capsules, with no apparent extension into the 
underlying cortex, but the vacuoles were situated just in 
front of the capsules. In the two most advanced cases 
there was a distinct separation of the opacity centrally 
into two laminae from front to back, with a relatively 
clear interval between them. Toward the periphery of 
this contra! disk the two laminae fused to form the 
denser ring that had given rise to the dough nut shaped 
opacities seen with the ophthalmoscope. In the Jess ad¬ 
vanced cases, which did not show tins doughnut configura¬ 
tion, the central portion showed an opacification of the 
whole thicknesss of the posterior capsule similar to the 
peripheral portion of the disk in the more advanced 
cases. Thus it appears that progression of these cata¬ 
racts is accompanied by a separation of the central 
opacity by a clear interval and an extension of the un- 
split opacity toward the periphery. The anterior capsule 
also showed a few punctate dots in seven of the patients 
and an occasional vacuole in throe. The lens cortex and 
nucleus, however, was entirely clear in all cases. 

The cataracts are considered to be similar to those 
which have previously been associated with exposure to 
x-rays and gamma rays (i). What part neutrons played 
in their pathogenesis is not evident. The patients were 
in a zone where neutrons and gamma rays were present, 
although information oil the amounts of each is not 
accurately available. Most persons in this zone died 
either from thermal or mechanical injuries or from 
radiation sickness. That those persons survived and 
developed cataracts may be attributed simply to biologic 
variations; but it cannot he reasonably denied that 
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whereas the cataracts resulted from exposure of the 
head region, the absence of lotlml radiation disease may 
have been owing to a shielding of much of the rest of 
the body. Five of the patients had very little, if any, 
radiation sickness, and the symptoms in the others may 
not have been caused by the radiation. Yet all of them 
had profound epilation of the head, which was undoubt¬ 
edly a radiation effect. It is possible that the three 
standing in front of the streetcar were protected in 
the lower halves of their bodies by the metallic base¬ 
board below the car windows. 

The frequency of atom bomb cataracts now, or to be 
expected in the future, cannot be stated at present, 
since practically all the cases of cataracts here cited 
were discovered through highly selective methods. How¬ 
ever, it may be noteworthy that 1000 persons, believed 
to be a cross section of the survivors, who were within two 
kilometers of the hypoeenter and in the open (including 
16 persons within one kilometer), were examined and no 
ease of radiation cataract was found. (Although all these 
persons were out of doors at the time of the explosion, the 
amount of shielding by buildings, posts, other persons, 
etc. could not be satisfactorily determined.) Among an 
additional 231 persons within one kilometer of the liypo- 
• center, who were either in the open or in wooden buildings 
at the time of the explosion, there were found five cases 
of radiation cataracts (included in the ten mentioned 
above). 

Reference 

1, Kohkhchnhiokh, W. Ar < h . Augcnheilk , 1082, 106, 221. 

Cyclotron-induced Radiation Cataracts 

P, H. Abtthon and P. G. Kruger 

Department of Terrestrial Magnetism, Carnegie 
Institution of Washington , Washington , D. C., and 
Physics Department, University of Illinois , 

Urbana, Illinois 

Although it is impossible now to make a complete or 
final report on the cyclotron*produced radiation cataracts, 
it seems desirable to publish a preliminary survey of the 
situation as it now appears. This survey should serve 
as another warning to research personnel and administra¬ 
tors in the field of high euergy particles and it also should 
serve to indicate how large is the area of ignorance re¬ 
garding radiation effects on higher organisms. 

Early in December 1948 it became known that at 
least five nuclear physicists of average age 31 were 
afflicted with incipient cataracts. An ad hoc committee 
set up by the Division of Medical Sciences of the N>i* 
tional Research Council arranged for questionnaires to be 
sent to all the high voltage laboratories of the country 
where comparable exposure risks might have been in- 
curred, and a considerable body of preliminary data 
became available by this means. 

Arrangements were made to bring together as many as 
possible of the afflicted men, along with a few other es¬ 
pecially qualified and interested individuals, to discover 


and compare if possible the common denominators of 
their experience and to make careful comparable medical 
examinations. A meeting was held in Washington, D. C., 
January 16 and 17, 1949, under the auspices of the Di¬ 
vision of Medical Sciences, National Research Council, 
with the support of the U. S. Atomic Energy Commis¬ 
sion. On January 18, eleven of these men were examined 
at the Wilmer Ophthalmological Institute, Johns Hopkins 
School of Medicine, by Drs. Alan Woods, Jonas Frieden- 
wald, and Algernon Reese, who concurred in the follow¬ 
ing findings: 

1. Ten of these patients showed opacities in the lenses. 

2. The patients fell into three general groups as 
follows: 

Group A (S men) : All showed Bevere changes in the 
posterior cortex of the lens, consisting of thickjULUcer or 
disk-like opacities, together with slight subes^psular or 
anterior cortical haze. The capsule and nucleus of the 
lens wore clear, and tliero was no other pathology found 
in these eyes (except postoperative changes in one indi¬ 
vidual). In all vision was reduced. 

Group B (4 men): Slight to moderate changes in the 
posterior cortex of the lens. These changes consisted in 
whitish opacities with a definite tendency to saucer or 
disk-like formation, in the milder cases accompanied by 
a golden reflex and occasionally by slight iridescence. 
Again there was occasionally slight haze in the anterior 
cortex, and a few vacuoles. The media and capsules 
were clear, and there was no other pathology in the eyes. 
In these men, vision wna either normal or only slightly 
reduced. 

Group C (3 men) : Minimal, insignificant, and doubt¬ 
fully relevant changes. The findings consisted in a thin 
lacy opacity in the posterior cortex and occasional punc¬ 
tate dots, and capsular iridescence. The thin lacy opac¬ 
ity, when observed, lay in the posterior cortox with a sug¬ 
gestion of disk formation, which made it a little suspi¬ 
cious. There was, however, considerable doubt in the 
minds of all throe examiners whether these slight changes 
were definitely pathological. There w’ero no other 
changes observed in these eyes. 

3. All the observed changes followed the same gen¬ 
eral pattern, showing different degrees of severity. 
Furthermore, this common picture conforms to the gen¬ 
eral picture of roentgen-ray and radium cataracts. In 
the absence of other recognized causes, and with the com¬ 
mon denominator of exposure to cyclotron irradiation, it 
appears logical to attribute these lens opacities to this 
cause. 

Table 1 summarizes the experience of these men. 

The men are listed in the table in the order of severity 
of symptoms. The first three men have what can be 
termed a severe handicap. The next four are afflicted 
to a dogroe which does not at present interfere markedly 
with daily life. The remaining three have a minimal 
affliction which does not cause appreciable handicap. It 
was noted, however, that the severo cases did not fully 
develop until about three years after the radiation was 
received. Hence, some of the men may in the future 
show a more Severe pathological condition arising from 
radiation already received. Since there has been no 
evidence of damage to the retina, it would appear that 
there is a good prognosis for successful surgical interven¬ 
tion in the severe cases. Indeed, in the interval between 
January and July 1949, cataracts were successfully re¬ 
moved from two of the individuals concerned. Thus, it 
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TABLE 1 


Patient 

Probable 
date of 
exposure 

Estimated 
total exposure 
to neutrons 

1 IMlIlltH) 

Duration of 
exposure in 
weeks 


Visual acuity 


Uncorrected 

Corrected 

Irfft 

Right 

Left 

Right 

1 

1944 

185* 

200 

I.Pt 


LPt 

20/200 


1943-44 

80 

25 



20/100 

5/200 

3 

1943-44 

80 

26 

20/10042 

20/70-1 

20/20/8 

20/40-2 

4 

1941-47 

30—40 

250 

* 20/40 

20/20-1 

20/20-1 

20/20 

5 

1047-18 

30 100 

10 

20/40 

20/70 

20/15 

20/15 

e 

1947-48 

20-100 

30 

20/40 

20/30 

20/20 

20/20 

7 

1943-44 

10 

20 

20/20 

20/50 

20/20 

20/15 

8 

1939-42 

70 

100 

20/20-4 

20/20-8 

20/15-1 

20/15 

9 

1047-48 

4-25 

10 

20/70 

20/20 

20/40 

20/15 

10 

_i_ 

19118-40 

15 

80 

20/20 

20/20 

20 AC 

20/15 


• Patient 1 hntl one acute exposure of 35 n. 
t LP -3- Idght projection only. 


appears that the afflicted men will not lose their vision 
irretrievably. All of the men involved are in reasonably 
good spirits and are carrying on productive activities 
professionally. 

The accurate measurement of neutroh intensities and 
energies is a rather difficult problem. To date most 
measurements have been made using equipment origi¬ 
nally designed for use with x-rays. When a 100-r Vie- 
toreen chamber is exposed to fast neutrons and a full-scale 
reading is obtained, the instrument is said to indicate an 
exposure of 100 n. In many experiments it is convenient 
to use a 25-r Victoreen chamber and the resulting dose is 
expressed in N-units. In general, tissue dose in roentgen 
equivalent physical equals 1.5 n equals 2 N. 

* It is difficult today to estimate exposure occurring 
three to nine years ago. The individuals involved made 
independent calculations of their own exposures. The 
cumulative doses estimated were surprisingly low with 
a median dose 50 n. 

At the time these men were receiving the exposure that 
led to cataracts, most wore being given periodic blood 
examinations. In no case was there a change in blood 
picture to give a dramatic warning of overexposure to 
radiation. In only two cases was there a mild epilation. 
In general neutron irradiation of the head was greater 
than that to the whole body. Perhaps this accounts for 
the failure to observe blood changes. 

It seems probable that the causative agent of‘the in¬ 
jury in most oases was chronic exposure to neutrons in 
the Tange 0-20 Mev. Evidence for this statement is 
rather indirect, The high energy radiation from the 
cyclotrons involved is principally neutrons and gamma 
rays. In most cases, the intensity as measured in an 
ionisation chamber shows slightly more neutron than 
gamma-ray effect. Since not nearly enough gamma-ray 
intensity is present to produce cataracts, elimination 
leaves neutrons. The possibility does exist that the 
neutron effect might be enhanced by radiofrequency 
effects or by motion in the magnetic field of the cyclo¬ 
tron. However, the discovery of cataract production in 
mice by both cyclotron- and nuclear reactor-produced 
neutrons seems to make such complicating suggestions 
unnecessary. 


In most cases, persons involved received their neutron 
exposure while at an angle of about 90° to the direction 
of a 8-to-16 Mev deuteron or proton beam. Target ma¬ 
terials were variable and few measurements have been 
made by nuclear physicists of the particles emitted when 
particles of this energy strike targets of any kind. In 
most cases, there was little moderating material between 
the source and the lens. 

A survey of the literature with respect to radiation 
cataracts reveals that considerable qualitative but little 
quantitative information is extant regarding cataracts 
induced by x-rays and gamma rays. Leinfelder and Kerr 
(£) have published one of the best studies of roentgen-ray 
cataract in humans. While their data involve a small 
number of cases, the indication is that approximately 
2500 r is required to produce the effect. From supple¬ 
mentary studies on rabbits they found soft x-rays to be 
more damaging than hard x-rays, and that small doses of 
x-rays given over a period of time were less injurious 
than an equal acute dose. 

Very little is known regarding cataracts produced by 
neutrons. The paper of T. C, Evans (I) provides the 
best information and indicates that the biological effec¬ 
tiveness of chronic doses of neutrons in producing lens 
abnormalities in mice may be as high as 8-40 times as 
great ns x-rays. Insofar as the data from human eyes 
can be interpreted, it seems likely that with chronic ex¬ 
posure, the ratio of rem to rep for neutrons may likewise 
be as high as 10-40; that is, the ratio of roentgen equiva¬ 
lent man to roentgen equivalent physical may be as high 
as 10-40. Results given by B. S. Stone (5) are in accord 
with high biological effectiveness of chTonic neutron 
exposure. 

It should be emphasized that these figures for biologi¬ 
cal effectiveness of neutrons are merely the best estimates 
that incomplete and fragmentary data permit. In view 
of the implications of this finding, it is extremely im¬ 
portant that further and more quantitative information 
be gathered from both animals and mam 

It appears probable that if complete examination were 
made of all persons who have worked with cyclotrons, a 
further small group of afflicted individuals might W 
discovered. Most of the additional cases would probably 
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be found not to bo markedly handicapped. It in also 
possible that other portions of the body may be relatively 
highly affected by neutrons. For instance, the Evans 
experiments suggest, in mice, a selective sensitivity of tho 
gonads as well as of the Ions. 

It is perhaps worth while to list a few of the areas 
of ignorance which have been highlighted by this un¬ 
fortunate episode: 

1. The exact causative agent is not definitely known; 

2. Tho dose is imperfectly known; 

3. Almost no systematic neutron resoarch has yet been 
performed on organisms larger than a mouse; 

4. There is little knowledge extant of what other or* 
guns of the animal may be especially susceptible to dam¬ 
age under special circumstances; 

r>. Tho concept of tho rom (roentgen equivalent man) 
for neutrons and indeed for other new types of radia¬ 
tion is probably of limited vnhie, since the conversion 
factor varies with tissue. * 

The National Research Council has appointed a Com¬ 
mittee on Rndiation Cataracts which is collecting addi¬ 
tional information regarding others who have been ex¬ 
posed to neutrons. The committee will also conduct 
follow-up studies of those already known to be injured. 
Communications should bo addressed to Philip S. Owen, 
M.D., Executive Secretary, Committee on Radiation 
Cataracts, National Research Council, 2101 Constitution 
Avenue, N. W,, Washington 25, I). C. 

Reference* 

1. Evans, T. C. Kudiolouu, 1048, 50, 811. 

2. Leinfelder, P. J. and Kerb, H. D. Awer. J. Ophthal., 

1036, 19, 730. 

3. Stone, R. S. Amcr. J. Jtoentg., lfM8, 59, 771. 

Sodium 2-Methyl-4-Dimethylaminophenyl- 
phosphinite, a Probable Methyl Donor 1 ' a 

G. Moruzzi, C. A. Ro«*i, and A. Rabbi 

I s tit h to di Biocbimica, 

Vnivcrsitd di Eologna, Italy 

Prerious investigations on biological methyl donors 
have shown evidence of a rather limited number of sub¬ 
stances exhibiting donating properties, most of them 
being N-methyl compounds like choline. It is interest¬ 
ing to note that such N-methyl compounds, having the 
ability of giving methyl groups intact, show a similar 
basic structure—namely, they have their labile methyl 
groups bound with a quaternary or positive nitrogen 
(choline, betaine, dimethylethyl-^-liydroxyethylammonium 

1 We ure greatly Indebted to Mr. Cesare Barblerl and to the 
American Committee. University of Bologna, New York, for 
donation of the Beckman DU Spectrophotometer used In this 
Investigation. 

* The experiments have been performed with sodium 
2*methyI-4-dimethylamlnophenylpUosphlnite supplied by Cou- 
sorsio Neoterapico Nationals Roma. 


chloride [6‘], tctramethylammonium formiate, methyl - 
triethanolammouium iodide [£], etc. These observa¬ 
tions fit in with the theory described by Du Vigneaud 
(3) based on the different ability of transmethylation 
shown by partially methylated aminoethanols and choline. 

The relationship existing between structure and methy- 
latiou capacity, described in the N-compouuds cited, ap¬ 
pears worthy of being generalised (£). Ciusa claims 
also that methyl compounds of arsenic, selenium, oxygen, 
and sulphur (8) may act as methyl donors when methyl 
groups are bound with electropositive atoms. A con¬ 
firmation of this is obtained by experimental investiga¬ 
tions on sodium cacodylate, and particularly in recent 
studies by Du Vigneaud on dimethylpropiothetin (4) and 
dim ethyl thetin (d). 

A few Tocent observations from this laboratory concern¬ 
ing sodium 2-methyl-4-dimethylaminophenylphosphinite, 
which is used largely in therapy, are not in agreement 
witli those assumptions. 

CH„ CH„ 



The administration of this substance to human sub¬ 
jects, in normal conditions, causes a remarkable rise in 
urine elimination of N,-methylnicotinamide, a product of 
tho irreversible inethylation of nicotinamide, introduced 
with diet and chosen as a test of the inethylation activity 
<*)• 

Wo do not intend to take into consideration here de¬ 
tails of technique, which are to be published later; we 
are reporting, instead, a few data obtained in this in¬ 
vestigation, pointing out that the experiments have been 
performed on ourselves and on laboratory personnel, fed 
a rigorously standard diet, under normal conditions. 

The values of N-methylnicotinomide Toportod herein 
refer to 24-hr urines. The administration of sodium 
2-methyl-4-dimethylaminophenylphosphinite in a single 
therapeutic dose (30 mg), causes an immediate urinary 
increase in Nj-methylnicotinamide as seen in results in 
Fig. h The increase, In this case, is approximately 60%, 
while in other human subjects it has reached even higher 
values. 

When the administration of the substance under ob¬ 
servation is continued for several days in even small 
dosos (.15 mg), the elimination of N s is maintained con¬ 
stantly elevated above the normal, returning to the in¬ 
itial values as soon as the treatment is terminated. We 
do not believe the action of sodium 2-methyM-dimethyl* 
amiuophenylphosphinite is attributable to a simple acti¬ 
vation of methylation processes. The increased elimina¬ 
tion, in fact, remains even when the subject is preven¬ 
tively treated and also treated during the experiment 
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fore, to believe that sodium 2-methyb4-dimethylamino- 
phenylphosphinite acts as a methyl donor. 

The interpretation of the mechanism which might ex¬ 
plain this action is hypothetical. Analogously, along with 
p-nitrous dimethylaniline, we assume that also sodium 
2-methyl-4-dimethylaminophenylphosphinit« may yield 
dimethylaminc as shown in the following: 




l‘H„ 
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\ 
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Fig. 1. Elimination of Ni with mine. Arrow indicates 
the administration of 80 mg of sodium 2-mcthyl-4dlmcthyl- 
amtnophenylphosphtnlte. 


with Bj, which regulates the elimination of urinary N Jf 
due to a probable catalytic action, carrying it to an al¬ 
most constant level. These observations lead us, there- 



TIMtlNQAyf 

Fig, 8. Elimination of Ni with urine after continuous' 
treatment with sodium 2-methyl-4-dimethyl amlnophenyl- 
phosphlnlte. Bach * Indicates the administration of 15 mg. 


The reaction mgy be enhanced by the presence of n 
methyl group in position 2 of the benzene ring which, 
being similarly oriented with other substitutes accord¬ 
ing to the Bonino (7) symbolism, (A) affords more mo¬ 
bility to the substitute in position 4. We do not believe, 
however, that dim ethyl amine is a methyl donor, noting 
that dimethylnminoothanol is u methyl acceptor rather 
than a methyl donor. It appears, instead, more probable 
that the metbylation action of sodium 2-methyl-4-dimeth- 
ylaminophenylphosphinitc is attributable to a dipolar 
form (B): 



/\ 


(B, 


Nn (.)— t —(’): (-) 


in which is shown a positive nitrogen of N>methylated 
compounds acting as a methyl donor. 

Our observations are in accord with the hypothesis 
cited (£, S) } and make evident a probably new methylat¬ 
ing agent, the importance of which lies in its wide thera¬ 
peutic use. These observations show also the interest 
which may derive from a structural study of substances 
of this type, 
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Application of Perchloric Acid 
Technique to Protozoa 

B. R. Swbachar and Eleanor Weiit Flick 1 

Department of Zoology, 

Unii'ertity of Pennsylvania, Philadelphia 

In making a study of the cytochemistry of the ciliate 
protozoon, Chilodonella uncinatus, with the more familiar 
teats for nucleic acids and proteins, the perchloric acid 
technique recently developed by Ogur and Rosen (8) is 
of considerable interest. They have reported the extrac¬ 
tion of nucleic acids from certain plant tissues with the 
use of perchloric ucid. Their data indicate that prolonged 
contact in the cold with perchloric acid extracts pentose 
nucleic acid (PNA) but not desoxv pentose nucleic acid 
(DMA); while at elevated temperatures, both of these 
are extracted from the homogenates. This leads them to 
conclude that cold perchloric acid appears comparable to 
ribon 11 clease. Their technique was adapted by us to slide 
analysis and was applied to Chilodonella in this manner: 

The organisms were fixed in bulk in acetic acid-alcohol 
(one part acetic acid to three parts 95% alcohol). This 
fixative is particularly useful in that it also extracts the 
inorganic phosphates and does not interfere with any 
subsequent tests by the deposition of heavy metals. The 
organisms were affixed to albumin smeared slides in the 
usual manner. After hydration the slides were processed 
in 2%, 5%, and 10% perchloric acid concentrations at 
various temperatures and for different lengths of time. 
After adequate washings they were stained with Feulgen 
(4), Unna-Pappenheim mixture, methyl green (3), and 
toluidinc blue. Adequate controls were maintained by 
processing duplicate slides under the same conditions but 
without added perchloric acid. The results noted are 
based upon visual judgments ufciug the compound micro¬ 
scope. 

Results of the various treatments are ns follows: 

In any treatment, 2% or 10% perchloric acid, in the 
cold or at higher temperatures, the clearing of cytoplas¬ 
mic basophilia in toluidine blue preparations and the 
lack of pyronin staining in Unna-Pappenheim mixture 
would seem to indicate that PNA is removed from the 
cytoplasm. The extent of PNA extraction in 2% per¬ 
chloric acid in the cold depends, however, on the length 
of contact (see Table 1). 

Two percent perchloric acid used in the cold, although 
apparently having no effect on the Feulgen reaction and 
thus on DNA, would appear to depoly merize this nucleic 
acid progressively, as shown by the decrease in methyl 
green staining capacity. Such structures of the nuclear 
apparatus that fail to stain with methyl green are stained 
with pyronin in Unna-Pappenheim mixture. According 
to Rurniok ( 1 ), such a reaction indicates the presence of 
a tower polymer, as pyronin stains only PNA and do- 
polymerized DNA. 

Ten percent perchloric acid at 5° C removes PNA very 
rapidly. In addition, our preparations of Chilodonella 
show that prolonged contact with the acid decreases the 

*We wish to express our thanks to Dr. I>. M. Wenrich for 
tits Interest and criticism. 


TABLE! 1 

Dictaji.js of Theatmknt with Pebchlorjc Acid o.v 
Chilodonella unoinatus 


5 

0 

s 


Qi 


B 

v 


EH 


Results 


a 

H 


cytoplasm 


nucleus 


2 5 W 8, 10, Progressively Feulgen reaction re- 
18, 24, decreased mains unchanged. 

72 basophilia, Methyl green lnten- 

hetfinulngat slty decreases pro- 

about lOhr. gresslvely starting 

at about 18 hr. 


Feulgen Intensity 
progressively de¬ 
creases. Methyl 
green staining be¬ 
comes less Intense, 
until at 72 hr It Is 
practically nil. 

5-10 85° 18 No basophilia. Feulgen as well as 

methyl green stain¬ 
ing are very faint. 

5 -10 70” 20 min No basophilia. Feulgen and methyl 

green reactions are 
negative. 


10 5* 8,10, No basophilia. 

18,24, ’ 

72 


Feulgen staining capacity of the nuclear apparatus. It 
would seem that DNA is also being extracted. The 
methyl green preparations arc oven more striking; at 72 
hr the reaction is essentially negative. 

Five percent or 10% perchloric acid at temperatures of 
85° C and above is capable of extracting DNA quite 
rapidly, total extraction occurring at 75° C where, within 
20 min, the nuclear apparatus becomes Feulgen negative 
and the cytoplasm shows essentially no basophilia. How¬ 
ever, hot water treatment of the animals reduces the 
staining intensity with the specific stains, Feulgen and 
methyl green. In particular, the methyl green reaction 
becomes rapidly negative. It is thus extremely important 
to carry adequate controls before interpreting results. 

It seems possible that in Chilodonella , cold perchloric 
acid on prolonged application is able, in addition to ex¬ 
tracting PNA, to depolymerize DNA, This depolymeriza¬ 
tion might bo an essential preliminary step in the proc¬ 
ess of extraction of this nucleic acid. The extraction 
appears to take place to a considerable extent in 10% 
perchloric acid in the cold, indicating that rather rigid 
conditions may be necessary before a parallel between 
the actions of perchloric acid and ribonuclease can be es¬ 
tablished. It may be noted, however, that the nuclear 
apparatus of Chilodonella is unique in many respects, 
and the reactions that one finds here may not necessarily 
be applicable to other animal cells or even to other 
protozoa. 
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The Use of Triphenyketrazolium Chloride 
for the Study of Respiration 
of Tissue Slices 

Maurice M. Black and Israel S. Kleiner 

Department of Pathology and Biochemistry, 

New York Medical College, New York City 

In 1948 Strauss, Cheronis and Straus suggested the use 
of triphenyltetruzolium chloride for the differen tuition of 
cancer tissue from surrounding normal tissue. The au¬ 
thors indicated that tumor tissue would reduce the dye 
more readily than normal tissues (S). The use of tri- 
pheuyltetrazolium chloride was also mentioned by Kun 
and Abood (1) in a study of the respiration of tissue 
homogenates. Our paper will describe a technique 
whereby the respiration of tissue slices may be measured 
with the aid of ^ 2,3,5-triphenyltctrnzolium chloride, and 
will present some results of these measurements. 

Tho tissues which were studied include liver, kidney, 
spleen, diaphragm, small intestine, and spontaneous main- 
mary carcinoma, all from CFW mice. With the exception 
of the diaphragm, tissues are sliced freehand, at a thick¬ 
ness of approximately 0.5 mm. The diaphragm was not 
sectioned, since it is thin enough to permit ready dif¬ 
fusion. All sections were run in duplicate so that re¬ 
producibility of the results could be evaluated. 

The animal was usually killed rupidly by crushing the 
cervical cord, and sections of the organs were made within 

TABLE 1 

Reduction of Tstrazqlium hv Duplicated Tissue 
Slicks (80-min Incubation) 


Tissue 


CoIqtI meter 
reading 


Tissue 
weight 
in mg 


Reading 
per mg 


Liver, it . 1»1 8.1 42.2 

Liver, h . 140 8,1 40.1 

Kidney, u . 88 1.6 55.0 

Kidney, h . 22ft 8.7 61.6 

Tumor, a . 120 0.7 17.8 

Tumor, h . 14ft 7.8 20.0 


ti few minutes of death. The tissue sections were placed 
in wide-mouthed teat tubes {1.5x10 cm) and 5 ml of 
normal saline was added to remove blood nnd extraneous 
material. The solution was then decanted and 3 ml of 
the buffered (pH 7.2) 1% tetraaolium solution in dis¬ 
tilled water was added. The tubes, placed in a rack in 
an incubator maintained at 37* O, were agitated gently 
by means of a mechanical shaker. After incubation the 
tubes were removed, the tetruzoHmn solution was de¬ 
canted, and the red color of the reducod tetra*olium ex¬ 
tracted with acetone. The extraction was a quantitative 
one accomplished by means of repeated washings with 
acetone. Each washing was added to a Klctt colorimeter 
tube. Usually four washings of 2 ml, 1 ml, j ml, and 
4 ml were sufficient to remove all the coIot from the tis¬ 
sue. The acetone in each colorimeter tube was then di¬ 
luted to the 5-ml murk with additional acetone, and after 


thorough mixing, tho intensity of the color was read in 
a Klett-Bummorson photoelectric colorimeter, using the 
green No. 42 filter. The tissues were allowed to dry at 
room temperature, a procedure which was accomplished 
rapidly because of the previous acetone dehydration. The 
tissues were then weighed on an analytical balance and 
the color reading determined per mg of tissue. The 
color readings can also be converted to gamma of tetrn- 
zolium reduced, by the use of a standard dilution curve 
of rtSluced tetrazolium as indicated by Kun and Abood. 

The values obtained by this technique were reproducible 
in duplicate slices ns shown in Table 1. Tho mean values 
as well as the spreud of values for tho endogenous metab¬ 
olism of the various tissues of CFW mfee, with and with¬ 
out spontaneous mnmmnry carcinoma, are showm in 
Table 2. 

• It will be noted that the values obtained are similar 
in tissues from animals with and without spontaneous 
breast carcinoma. Tho only apparent exception to this is 
in the case of the diaphragm after 30-min incubation, 

TABLE 2 

Colorimetric Estimation ok Reduction ok 

True HEN V LTKTIt AZOI, IU M C HLORIDK 
by Tissue Slices 


Female CFW mice with spontaneous mammary carcinoma 
80-min. Incubation 60-mln incubation 


Organ 

4 

5 

i s 

I s 
1? 

4^ 

93 

I| 

a ? 

Mean 

d 

Lowest 

value 

1 

if 

n ? 

Mean 

Liver 

10 

83 

53 

40 

7 

47 

82 

05 

Kidney 

10 

41 

63 

55 

5 

79 

112 

99 

Diuphragm 
film a 11 

5 

19 

43 

33 

4 

20 

37 

29 

intestines 

2 

43 

00 

40 

4 

39 

76 

66 

Tumor 

7 

7 

33 

17 

4 

18 

24 

22 

Spleen 

4 

11 

41 

22 

IS 

8 

82 

18 


Male and female CFW mice without tumor 

Liver 

6 

34 

G2 

41 

17 

53 

98 

68 

Kidney 

6 

44 

71 

52 

12 

83 

141 

91 

Diaphragm 

Small 

5 

24 

76 

52 

0 

20 

30 

29 

Intestines 

4 

26 

50 

41 

4 

89 

77 

50 

Spleen 

2 

9 

18 

15 

7 

10 

*- 

82 

16 


where the mean value obtained was lower in the presence 
of the tumor. However, after a 80-min incubation period 
the mean values were identical. The relative intensity 
of the endogenous metabolism as measured by this tech¬ 
nique (with 1-br incubation) is in the following order: 
kidney, liver, duodenum, diaphragm, tumor, spleen. It 
also appears significant that while the kidney, liver, and 
duodenum show increased reductions of the dye after 00- 
min incubation as compared with 30-min incubation, this 
was not the case with the tumor and spleen, wherein little 
change occurred, and with sections of diaphragm^ where 
an actual decrease in values was observed. The exact sig¬ 
nificance of this observation is not clear at present and 
is being studied further. 

This technique is also applicable to the investigation of 
the effects of enzyme inhibitors on tissue respiration. 
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Thus the addition of sodium azide to the tetruzolium solu¬ 
tion resulted in depression of the reduction of the dye. 
Typical results are indicated in Table 3, which presents 

TABLE 8 

Effect op NaN 8 on Reduction of Tbiphbnyltktrazolium 
Chloride by Tissue Slices 


Tissue 

It* 

% Change 

NaN.,t 


U 

10 

10*M 

f,lver 

44 

- 4 "i 

-11 

Kidney 

55 

- 30 

2 

« Colorimeter 

rending/mg 

tissue, dry 

wt, 80-min 


tiu'UhuMufi. 

1 Boilium itzlile, t).& x UMm anti 0.5 x ID fl M lidded to 8 mi 
of 1% tetraphenyltetriixullum solution. 

the mean values for tisanes from six animals, the experi¬ 
ments having been done in duplicate. 

It appears from the data presented that triphenyltetra- 
zolium chloride may be used in a simple and reproducible 
manner to study the metabolism of tissue slices and the 
effects of enzyme inhibitors. 

References 
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Electrolytically Induced Reactions 

William Marshall MacNevin 

Department of Chemistry, 

The Ohio State University, 

Columbus, Ohio 

Recently two examples of a novel type of induced re¬ 
action have been observed in this laboratory. Both re¬ 
actions are unique in being electrolytically induced. The 
first is the electrolytically induced air oxidation of triva- 
lent arsenic, As IU in alkaline solution. It has been ob¬ 
served (I) that air oxidation of A»ni in a solution IN 
in sodium hydroxide is slight. But if electrolytic oxida¬ 
tion of the arsenic is carried on in the same solution, 
oxidation occurs up to 60% in excess of that correspond¬ 
ing to the current used. This excess oxidation is at¬ 
tributed to oxygen of the air, since it is entirely elimi¬ 
nated if the surrounding air is displaced with nitrogen. 
The electrolytic process, however, seems essential. 

The second reaction is the electrolytically induced pre¬ 
cipitation of iridium with rhodium. It was observed by 
MacNevin and Tuthill (IS) that iridium could not be 
deposited from an ammonium chloride solution at cathode 
potentials as great as -1.0 volt. But if rhodium is also 
present, then not only does the rhodium precipitate quan¬ 
titatively at a cathode potential of - 0,3 volts, but the 
major part of the iridium does also. 

These two reactions are considered to be examples of a 
new type of induced reaction and it is proposed to call 
them * * eleetrolytiCftUy induced > * reactions. 
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The Isolation of a Metabolite of 
Pentobarbital 1 

£. W. Maynert and H. B. van Dyke 

Department of Pharmacology, College of Physicians 
and Surgeons, Columbia University, New York City 

There is general agreement that pentobarbital is ex¬ 
creted only in truce amounts in the urine (£, 6, S, 9), but 
up to the present no metabolic products of the drug 
have been reported. It has now boon found possible to 
isolate a metabolite of pentobarbital from the urine of 
dogs after anesthetic doses of the drug. The compound 
melts at 209-210° C and has an elementary composition 
corresponding to pentobarbital with one additional oxy¬ 
gen atom (0,jH w 0 4 N s ). In sodium hydroxide solution 
it has the characteristic ultraviolet absorption spectrum 
of the diulkylharbituric acids (5). In the range of 225- 
290 the absorption curve has exactly the same shape 
us that of pentobarbital, but the extinction is about 7% 
lower. This would imply a molecular weight of about 
242 for the now barbiturate. Further evidence for the 
barbituric acid ring wub obtained by the preparation of 
a di- 2 >-ttitrobenzyl derivative («?), 

The presence of a hydroxyl group was demonstrated by 
the reaction of the metabolite with acetic anhydride. A 
new compound was formed which crystallized from aque¬ 
ous ethanol in the form of blunt needles; mp 147-148° C. 

OH CH. 0 

CIli'IlCH.Lir J—Nil. 

oh.ch><c-nh> C=0 

A 

(I) 

CH, O 

CH.CH.CHjAh . sC —NH. 

CH,0>'<C-NH> C “ 0 

<!„ i 

(IT) 

It had the elementary composition of the corresponding 
acetate (C«HsoObN 8 ). On treatment with sodium Uypoio- 
dite in dioxane solution the metabolite yielded iodoform. 
It would thus appear that the compound could be either 
I or II. Structure II would not seem likely, however, 
because such a compound would probably react with 
sodium hypoiodite to yield acetic acid, not iodoform, 

* This work was supported by a grant from the U. B. Pub¬ 
lic Health Service. 
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There are other reasons for favoring structure I. It 
would appear that ethyl groups attached to the barbi¬ 
turic acid ring do not suffer change in the body. For 
example, diothylbarbituric acid is excreted unchanged 
(I, 4 r 7). Increasing the length of one of the chains in¬ 
creases the activity, but the molecules are then more 
susceptible to chemical change in the liver. Up to now 
it has not been known whothcr the change in the bar¬ 
biturates was due to oxidation, hydrolysis, conjugation, or 
& combination of these reactions. It now appears likely 
that direct oxidative attack of side chains containing 
four or more carbon atoms is an important part V>f the 
chemical a iteration of such compounds in the body. 

The product of biological oxidation of pentobarbital is 
asymmetric. The isolated barbituric acid is dextroro¬ 
tatory in acetic acid: [ti]^ " + 26.6°. It was also found 
to be without apparent pharmacological action after in- 
traperitonea] injection of a large dose (180 mg/kg) into 
mice. Further details of this work and other experiments 
in progress will be reported elsewhere. 
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Detection of Radioactive Impurities by the 
Constant Solubility Test 1 

Helmut R. Gutmann and John L. Wood 

Department of Chemistry, School of Biological Science!, 
University of Tennessee, Memphis 

In work with radioactive compounds, it is of importance 
to establish that significant amounts of the radioactivity 
measured in the labeled materials are not due to im¬ 
purities. This is especially truo in biological experiments 
in which the metabolism of a labeled compound is fol¬ 
lowed solely on the basis of radioactivity measurements. 
Radioactive contaminants in crystalline material often 
represent an amount by weight much smaller than can 
be detected by the common criteria of chemical purity. 
Specific procedures have been developed which take this, 
problem into account (I). Recrystallization to constant 
specific radioactivity, conversion of the product to a 
derivative without change of specific activity, and deter¬ 
mination of the distribution coefficients between two im- 

* This work was supported by grants from the American 
Cnncer Society, upon recommendation from the Committee 
on Growth of the National Research Council, and by the 
Koekefoller Foundation, 


miscible solvents have been used to prove the purity of 
radioactive materials. » 

A modification of the solubility method of analysis* has 
been devised for the detection of minute amounts of radio¬ 
active impurities in chemical compounds. This method is 
especially suited to the estimation of the purity of a 
radioactive compound because of the high sensitivity in¬ 
herent in radioactivity measurements and because of the 
theoretical soundness of the phase rule. The simplicity 
o^tliQ technique and the easy recovery of the compounds 
used in the tests recommend it when Limited amounts of 
material are available. 

TABLE 1 

Solubility Test of Purity dr Raiuoactivb 



A’-BKNJSYL-D-HOMOCYflTKINK'K'** 


Time 

Radioactivity of BolutJout 

hr 

counts/sec/ml 


flask A 

flask B 

16 

24.0 

24.4t 

40 

23.0 

23.4 


* The specific radioactivity was 0,43 counts/scc/ 78 , 

t The solvent was water at 29.3* 0. 

X After this measurement 12.6 mg of solid waB added. 

The principle of the constant solubility teat as adapted 
to the detection of radioactive impurities is illustrated in 
the following general procedure, which should be applied 
to a compound judged to be chemically puro: A solvent 
is selected in which the compound is sparingly soluble; 
a convenient volume of the solvent is saturated with the 
compound by equilibration at constant temperature; a 
sample of the saturated solution is withdrawn and its 
radioactivity is measured; more of the compound is added 
to the solution, and after a suitable time interval for 
equilibration the radioactivity of the supernatant liquid 
is again determined. If the compound is impure, addi¬ 
tion of more solid will increase the concentration of im¬ 
purities in the liquid phase. Radioactive impurities will 
increase the radioactive count per unit volume of the solu¬ 
tion. In the absence of radioactive impurities, the radio¬ 
activity of the two samples of solution will be the Bame. 

The sensitivity of the method is utilized to its fullest 
extent by employing, in the first equilibration, an amount 
of solid just sufficient to saturate the solution, and by 
adding as large an amount of solid as feasible before the 
second equilibration. Considerable procedural variations 
within the principle of the solubility test are possible. 
Two applications of the method are given hero for il¬ 
lustration. 

The purity of three times recrystallized 5-benzyl-n- 
homocysteine-S* was demonstrated as shown in Table 1. 
This material had attained constant radioactivity in suc¬ 
cessive recrystallizationg and had been converted to N - 
acetyl-S-benzy l-D-homocysteine-S* without change in the 
specific radioactivity of the sulfur. Three mg of the com¬ 
pound was suspended in 5 ml of distilled water in each of 

• For a discussion of the scope and HmRations of the solu¬ 
bility method of analysis as a criterion of purity see Harriott, 
R. M., Fed. Proc 1948, 7, 479. 
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TABLE 2 

Detection of Raiuoactivb Impurity in i.-Cystinb 
Time Riulloactivlty of solution* 

hr count»/8ee/ml 


a 2.6 

6 2 .et 

19 34.9 


* The solvent wan water nt 0° C. 

t After this men inurement 16.1 mg of compound was added. 

two flasks. After equilibration for 16 hr, 0.5 ml samples 
were withdrawn through pipettes fitted with cotton filters, 
nnd the radioactivities of the solutions were determined. 
To one flask was added 12.6 mg of the compound and 
equilibration was continued for another 24 hr. At this 
time measurements showed that the radioactivity of both 
solutions had remained constant. 

The presence of impurities was demonstrated in the 
following experiment: A sample of chemically pure L- 
cystine was deliberately contaminated by crystallization 
from a solution containing a mixture of radioactive sul¬ 
fur-containing compounds. The apparent specific radio 
activity of the recovered cystine was 0.039 counts/flec/y 8. 
A sample of 1.5 mg of the radioactive compound was 
suspended in 6 ml of distilled water and samples were 
withdrawn after equilibration for 3 and 6 hr respectively. 
After 6 hr, 15.1 mg of the compound was added to the 
flask and an additional sample was taken after further 
equilibration for 19 hr. The increase in radioactivity 
of the solution after addition of more solid (Table 2) 
proved that the compound contained radioactive con 
taminants. 

Reference 

1. Kamhn. M. D. V. S. Naval Med. Bull., Supply Mur.—Apr., 
194S, p. } 15. 

Some Observations on Exchange of CO, 
Between BaCO, and CO, Gas 1 

George Samos" 

Chemistry Department, Brookbaven National Laboratory f 
Upton, New York 

Previous studies on the exchange of CO B between 
BaCO* crystals and atmospheric CO, have shown that 
exchange takes place in the presence of moisture (X), 
and that the amount of exchange can be reduced by heat 
treatment of the BaCO a samples (2). An attempt has 
been made to confirm these results, and to obtain ad¬ 
ditional information on the factors which affect the 
amount of exchange, using C“. 

The original BaCO* had a specific activity of about 
1.2 x 10* cpm/mg.* It was attempted to prepare an 
active CO** solution by heating this material with inactive 

1 Research work done «t the Brookhaven National Labora¬ 
tory under the auspices of the Atomic Energy Commission. 

M wish to thank Dr. WllHam Rublnson and Dr. Warren 
Miller for helpful advice. 

* Obtained from Oak Ridge. 


0.1 A NaaOOa for 1 week. However, no exchange occurred. 
Active CO a * was then prepared by mixing active BaCO* 
with varying amounts of ordinary BaCO,,, evolving the 
OOs by treating with 3A HC1 in a small glass generating 
apparatus, and passing the evolved C0 3 in a small stream 
of N* gas through a coiled glass tube filled with 3 A NaOH 
solution. After absorption of CO*, the NaOH solution 
was removed from the apparatus and diluted about three¬ 
fold, and BaCO s was precipitated, in the cold, with Bad* 
solution. This was then filtered and washed with water, 
alcohol, and finally acetone to hasten drying. The filter 
paper with the precipitate was pasted to aluminum disks 
for easier handling and to prevent curling upon drying. 

The effect of different amounts of moisture on the 
amount of exchange was studied first. The method used 



was to expose the sample to inactive CO a in a static, 
atmosphere of known relative humidity, and to compare 
the counting rates of the sample before and after ex¬ 
posure. This was performed in a closed desiccator, as 
shown in Fig. 1. The bottom of the desiccator con¬ 
tained sulfuric acid solution of a density adjusted so that 
a known constant relative humidity was obtained. 

The sample was placed beneath the tube and counted. 
CO* was passed into the desiccator for 15 min and then 
the vessel was sealed for 2 Iit. At the end of this time, 
air was blown through to sweep out the CO,,, and tho 
sample was recounted. 

The addition of CO* into the desiccator causes the 
count to drop 25% to 40% of the count in air, due to 
increased absorption of 0-rays by OO* However, all 
counting was done with air in the desiccator. 
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The results of the first set of experiments are given 
in Table 1. Each line represents a freshly prepared 
sample. 

TABLE 1 


Relative 

humidity 

In % 

Wt of sample 

In m? 

% Decrease In 
count in? rate 

3.2 

17.7 

i.r» ’i 

Prob. Error 

3.2 

15.8 

1.2 ' 


47.2 

10.0 

1.3 

* +0.5% 

47.2 

17 

1.3 | 

17.2 

10.8 

1.4 


75 

17.3 

1.4 j 


75 

20.7 

2.5* 1 

| 

18.8 

14.7 

2.4* | 

L +0.5% 

1 8.8 

13.7 

2.3* 


18.8 

14.2 

2.3* J 

i 


* Humpies were prepared from a different active Nn a CO ft 4 
solution. 


The decrease in counting rate after exposure is taken 
to be a measure of the amount of exchange between C0 5 
and BaCO a . The results indicate that the amount of 
moisture present has no effect on the amount of exchange, 
at least so long as the relative humidity exceeds 3%. 

Armstrong and Schubert (J) reported that thorough 
mechanical mixing of the barium carbonate after treat¬ 
ment caused no change in activity. This was interpreted 
as proof that exchange took place throughout the sample. 
This conclusion was confirmed by a different method, as 
follows. 

A group of five samples was made up, each containing 
the same amount of activity, hut varying in weight in 
steps up to 10 mg. Each sample was exposed to CO, in 
the manner already described, except that the CO a was 
moistened before being passed into the desiccator. The 
bottom of the desiccator contained water. After 2 hr 
the C0 2 was blown out and the sample was counted. 


hr, 1 hr, and li hr at 140° C. Each sample was then 
exposed to moist CO, for 2 hr and counted. Those sim¬ 
ples which were heated for 1$ hr showed no exchange* 
Those which were heated for less time showed small, 
varying amount's of exchange. 

TABLE 8 


Particle *i*o E ™ Be 
% 


Preps rati on 

* ___ 

Ham pies prepared by 
slow pptn. from 
hot Holn. 

Samples pptd. at 
room temperature 
Samples prepared 
from ice cold solu. 


Coarse crystals 


Pine ppt., readiLv 
filterable * 
Fine ppt., clogged 
filter 


0.0 


1.8 1 Prob. Error 
1.7 [ 

4.5 f ± 

4.5 j 


It was found that heating an active sample in air 
caused a loss of activity varying between 2.5% and 8%. 
However, when the samples are heated in an evacuated 
bulb, or in an atmosphore of nitrogen, this loss does not 
occur, and the sample is stabilized against subsequent 
exchange. 

The next group of experiments was to determine what 
effect particle size had on the amount of exchange. Three 
sots of samplos were made up. One set was made by 
dropwise precipitation over a 2-hr period from a very 
dilute solution kept at just below boiling temperature. 
Another was made at room temperature, and a third was 
made with a concentrated BaCl, solution from a semi 
frozen solution of Na*OO a . Table 8 shows the results. 

The final experiment was designed to get some idea of 
how the percent exchange depends on the time of contact. 
The rate of flow of CO„ into the desiccator was kept as 
constant as possible from one sample to the next. After 
the CO, was blown into the desiccator for the time re- 

TABLE 4 


TABLE 2 


Sample thickness mg/cm 9 Loss of C 14 O a in % 


0.50 

2.1It 

2.59 

8.24 

4.44 

1.8 

1.0 

2.3 


* Humpies made from a new batch of Na s CO s solution. 


8.8 

3.8 

3.8 

3.8 

3.9 
2 . 6 * 
2 . 8 * 
2.5* 


Prob. Error 


t .5 % 


Time CO fl was In 
rotnuct with wimple, 

In min 

% Lows 


15 

3.8 1 


Prob. Error 

15 

4.1 



10 

8.7 



10 

3.2 



5 

2.4 


t .4% 

5 

2.3 



■5 

2.1 



S 

2 



1 

1 




These results indicate nothing about the amount of 
exchange undergone by a single crystallite in the sample, 
but they do show that all crystallites in the body of the 
sample suffer exchange. 

The* following experiment was set up to determine the 
effect of heating on BaCO* samples. Yankwich (£) re¬ 
ported that heating BaCO„ resulted in samples that could 
be stored for long periods without serious loss of activity. 

* Several samples were heated separately in air for $ 

4 All Na s CO # mentioned In the article contains active carbon, 


quired the flow was turned off, and immediately air was 
, passed through for 15 min. The samples for this ex¬ 
periment were precipitated from ice cold NftjCO,, solution 
to take advantage of the higher percent exchange which 
can be obtained by this procedure. The results are given 
in Table 4, and suggest that under these conditions, the 
exchange has almost reached its limiting value in 15 min, 
The observations indicate that a small amount of 
moisture will be sufficient to cause exchange between 
BaCO, and atmospheric CO g , However, the amount of 
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exchange taking place depends on the size of the par- 
tides; the larger the particles, the less the exchange. 
This indicates that exchange tokos place on the crystal 
surface. Heating of the BaC0 8 sample or preparing it 
by some method giving very large crystals will make ex* 
change negligible. 

Reference! 
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Modifications of the Rabbit Ear 
Chamber Technique 1 

J. J. Ahern, W, R. Barclay, end R. H. Ebert 

Frank Billings Medical Clinic , Department of Medicine, 
University of Chicago 

The rabbit ear chamber provides a valuable technique 
for the microscopic study of living vascular tissue over 
a period of weeks or months. The basic design has been 
described (1-3), but in the course of the past three years 
various modifications have boon made which simplify the 



Fig. 1. 

procedure. Since the changes may be Of help to others 
using the method, they are presented here. 

A modified chamber has been designed, constructed 

1 This Investigation was supported by a research grant 
from the Division of Research Grants and Fellowships of the 
National Institutes of Health. tJ. 8. Public Health Service. 


entirely of Plexiglas except for a mica cover slip. The 
cover slip'e supporting ring (A ) has an outside diam 
of l in. and an inside diam of & in. It is 0.080 in. thick. 
The top is beveled at the angle shown in cross section 
( G ) to prevent high power objectives from striking the 
edge of the ring. A piece of clear mica 50-60 p in 
thickness is glued to the supporting ring (A and C). 

The chamber base (B and D) has a diam of 1 in. and 
the base plate (.B and V) is 1/16 in. thick. A central 
observation table 1 in. in diam projects 3/32 in. above 
the base plate. If access to the thin layer of tissue on 
the table is desired, a removable plug with a shaft diam 
of 1/16 in. may be made to fit loosely into a hole drilled 
through the base plate and central table (B and D). It 
is important to have this fit loosely, because serum which 
seeps around the plug makes it difficult to remove the 
plug after new tissue haB grown onto the observation 
table. 

The cover slip ring (A and C) fits tightly onto three 
notched Plexiglas pegs (B and Z>), 0.109 in. in diam, in- 
serted at the periphery of the base plate and com on ted 
v/ith glacial acetic acid. The notches (2?) are elevated 
.002 in. above the lovol of the table. The height of the 
notches above the table determines the thickness of the 
new tissue which grows between the cover slip and ob¬ 
servation table and eliminates the need for buffers previ¬ 
ously described ( 1 , 8), After the ring lias been snapped 
into place, it is secured by a drop of Lueite in chloro¬ 
form over each peg. 

The operative technique for inserting the chamber has 
been described (I, 8), To insert the chamber, four 
holes are punched through skin and cartilage near the tip 
of the pinna; a central hole to accommodate the contra) 
table and three peripheral holes for the pegs. A steel 
punch ( G ) has been designed to cut the four holes at one 
time and insure an exact fit. Three peripheral punches 
are attached to & handle in the exact positions of the 
Plexiglas pegs and made 0.015 in. larger than the diam 
of the pegs. A fourth punch, 0.015 in. larger than the 
central table diam, is attached centrally. The punches 
are } in. long and have notched ends. A Plexiglas 
guide (E, F) permits visualization of vessels when holes 
are punched and keeps the ear perfectly flat. Tho guide 
is made in two pieces, each 5f in. in length, 1$ in. wide, 
and £ in. thick. Steel connecting pins, j in. long and 
3/16 in. in diam, connect the two plates when in use. 
Punch holes are placed at one end and are made 0.001 in. 
larger than the diam of the corresponding punch. The 
end of the ear is slipped between the two plates and 
when the template has been placed so that the central 
artery is adjacent to the central hole and no major ves¬ 
sels will be out by the punches, the plates are pressed 
tightly together. The guide is then held firmly against 
the table and the holes are punched. 
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Comments and Communications 


On the Mental Ability of the Dog 

As part of a long range research program on the rela¬ 
tion between genetics and behavior, we are very much in¬ 
terested in the problem of mental ability in the dog. We 
therefore read the communication entitled “Concerning 
a Dog's Word Comprehension * ' ( Science , May 13, p. 494) 
with great interest. While we are probably sufficiently 
biased to believe that the reported word comprehension 
ability is true, we are not convinced that the evidence is 
sufficient to be passed off as a scientific fact. There can 
be no question but that the dog is an intelligent animal 
—how intelligent, and what factors of intelligence it pos¬ 
sesses remain to be experimentally demonstrated. We are 
assembling a battery of mental tests for the dog by means 
of which we believe it may be possible eventually to dem* 
onstrato the existence of the factors of space perception, 
memory, reasoning, and movement perception. 

The point to be made here is that there can bo no ques¬ 
tion that the dog is capable of what we might call intel¬ 
ligent behavior. The question is whether the dog's un¬ 
derstanding moves over into the realm of our particular 
language. The report of Eckstein smacks of the “anec¬ 
dotal' ' period of comparative psychology and is replete 
with lack of even obvious controls. As examples, no men¬ 
tion is made of the * * Clever Hans'' error, apparently no 
trials were made in which the exporimentcr said (in the 
same tone of voice) “La mesa, Topper," or “Borscht, 
Topper," not to mention the fact that there is complete 
lack of any statistical consideration of the element of 
chance with respect to the animal’s behavior. 

Joseph R. Royce 

Roscoe B. Jackson Memorial Laboratory 
Bar Harbor , Maine 

Citation of Botanical References 

The present confusion in citing botanical references, 
with some publications following several conflicting sys¬ 
tems and others without consistent practice, is absurd in 
an orderly science. A standard Bystem is badly needed, 
Perhops a simple set of rules for citation could bo formu¬ 
lated and adopted by representatives of botanical socie¬ 
ties, editors of botanical publications, and bibliographers 
at an annual scientific meeting, such as that of Section 
G of the American Association for the Advancement of 
Science at New York Oity this month. 1 Then, at the 
Seventh International Botanical Congress at Stockholm* 
next year, further efforts should bo made to obtain inter¬ 
national agreement upon a uniform system for citations 

1 An open dlscusHlon meeting on botanical citations in the 
literature now has been scheduled for the New York City 
meeting at 9:30 p.m., Tuesday, December 27, in the Colonial 
Room of Hotel McAlpln under sponsorship of the Commit¬ 
tee on Publications of the American Institute of Biological 
Sciences, , 


which the majority of botanists in many countries will 
accept and follow voluntarily. 

Some years ago, E. D. Merrill ( Science , 1925, 62, 419) 
suggested shorter and simpler ways of citing scientific 
reftiepces, remarking that the average editors and au¬ 
thors were ultraconsorvntive. As be stated, an author 
preparing a paper for a certain journal and then later 
submitting it to another frequently has to rewrite parti 
to conform to the different style of ^citations used in the 
second. Some authors have the attitude, “What's the 
use of having an editor, if not to do these chores?" An 
editor quoting that remark, C. A. Shull ( Science , 1931, 
73, 363), justly criticised authors for carelessness and 
mistakes in spelling, citing titles, volumes, years, etc. 

An anonymous university scientist (Amer, Sci. f 1947, 
35, 306 ff.) has advocated that, instead of striving for 
consistency in citations and other details, editors should 
relax and accept an author's own tastes and print the 
manuscripts as they come, provided they are done iu somb 
regular manner. As a possible solution ho suggested the 
voluntary adoption of a uniform standard by journals 
generally or by separate branches of science through a 
representative body, such as The Society of the Sigma 
Xi or the A A AS. 

Apparently the only system for citations officially ac¬ 
cepted by a representative group of botanists in the U. 8. 
was the Rules for Citation adopted in 1893 by the Bo¬ 
tanical Congress in Madison, Wisconsin, and by Section 
G, AAA8 (reprinted in Bull Torrey hot. Club, 1895, 22, 
130). These Rules, only two pages long, were summar¬ 
ized in a paragraph by Liutella Scliw&rten and H. W. 
Rickett (Bull Torrey hot. Club , 1947, 74, 348). 

Noting that the good, widely used Madison Rules have 
stood the test of time, Rickett (Bull Torrey bot , Club , 
1948, 75, 106) has proposed that, with certain desirable 
modifications, they be given international authority by 
the next International Botanical Congress. He has fur¬ 
ther proposed that the editors of the next edition of the 
International rules of botanical nomenclature be in¬ 
structed to bring its present inconsistent citations into 
coiiformity and that the rules for citation bo inserted as 
an appendix to serve as a model for future use (Camp, 
W. H., Rickett, H. W., and Weatherby, C. A., compilers. 
Brittonia , 1947, 6, 3j and ibid., 1949, 7, 51). 

However, the Madison Rules seem rather brief for cov¬ 
ering the enormous volume of botanical literature with 
complex citations Which has arisen in the present century. 
A system which has been in use more than 50 years should 
be improved by •some revision, anyway, I urge the bota¬ 
nists within the U* 8. to act promptly now and agree upon 
a set of rules for citation before requesting international 
approval at the Stockholm Congress in 1950. 

First, several more or less obvious general principles 
should be established. In nontechnical publications for 
general readers it may be best to list references in full. 
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The chief purposes of shortened citations of botanical 
references are to save time of authors and readers and 
to save space and to avoid repetition on tho printed page. 
Though a citation should be short and simple, clarity 
must not be sacrificed to achieve brevity. Citations should 
be sufficiently clear not only to specialists in a narrow 
field of botany but also to botanists in general, workers 
in applied plant sciences and related fields, editors, and 
librarians. Citations should not be so short that readers 
waste time in deciphering them, nor so ambiguous that 
they fail to guide readers to the correct volume and page. 
Within one article, and among the issues of the same 
periodical, citations should be consistent. And wide, 
voluntary adoption of the same rules by many different 
periodicals and serials is an important objective. 

Botanical indexes and bibliographies. Each of the four 
leading botanical indexes and bibliographies published in 
the U. 8. has its own system of citing references. “In¬ 
dex to American Botanical Literature,” published bi¬ 
monthly in Bulletin of the Torrey botanical Club , and 
also printed on cards for libraries, began in 1886 and is 
the oldest. It follows the Madison Buies and its own 
published list of abbreviations of periodicals by Sell war- 
ten and Rickett and 1 b noW prepared in the library of 
the Arnold Arboretum of Harvard University. 

Each monthly issue of The Agricultural Index contains 
a list of abbreviations used for the periodicals and bul¬ 
letins indexed. This system of extreme abbreviations 
without periods, like that in city telephone directories, 
may be justified for special bibliographies to save space 
and expense, but is not a model to be followed by bota¬ 
nists in their scientific writings. Biological Abstracts has 
no published summary of its rules but in each May issue 
lists, without abbreviations, the periodicals and serials 
covored. 

Bibliography of Agriculture, a monthly publication of 
the U. 8. Department of Agriculture Library, follows the 
Department of Agriculture’s Citations to literature by 
Carolyn Whitlock (Citations to literature in the Journal 
of Agricultural Research, technical bulletins, circulars, 
and miscellaneous publications \other than bibliogra¬ 
phies], IT. 8. Dept. Agric., 1940), which was published in 
1940, replacing shorter rules issued in 1927. It adopts, 
with nine shortened exceptions, Abbreviations used in the 
Department of Agriculture for titles of publications, also 
by Whitlock (Misc, Publ. V. S . Dept. Agric., 1939, 337, 
278 pp.). These directions for citations have been devel¬ 
oped through the years by the Department of Agriculture, 
tho largest institution of plant scientists in this country, 

If as many as three of these four indexes and bibliog¬ 
raphies could agree in Citing botanical references, this 
system probably would become widely adopted throughout 
the U. S. Then international agreement would be simpler 
when compromises with systems in other countries and 
other languages are sought. 

Revised rules . A uniform system of rules for citation 
could be developed through consolidation of the two-page 
Madison Buies for citation and tho 15-page Citations to 
literature used in the U. S. Department of Agriculture 
into one of intermediate length with some exceptions per¬ 


mitted. There should be many well-chosen examples of 
both ordinary and complicated references. 

With the main rules of the Department of Agriculture 
as a base, I shall list some of the more important features 
of a proposed revised system, including several items upon 
which agreement is unnecessary and omitting minor de¬ 
tails. The revised rules should provide separately for the 
two groups of botanical references, books, and articles in 
periodicals. 

The essentials of a reference in the two groups, as 
quoted from the Department of Agriculture directions 
(p. 2), arc: 

A hook citation should include author, date, title, edition 
(except first), pagination or volume, illustrations, and place 
of publication, lmportunt series may he noted. 

A periodical citation should include author, date, title of 
article, title of periodical, scries, volume, pagination, and 
Illustrations. Number or part Is given only when it is 
separately paged, or is necessary for finding the reference 
easily. 

The revision should contain additional provisions for 
citation of scientific names, the special, shortened form 
used by plant taxonomists in citing place of publication 
of scientific names of plants, including synonyms. Many 
details nro the same as in book mid periodical references, 
but tho differences are beyond the scope of this article. 

In some periodicals, ns well as IT. 8. Department of 
Agriculture publications, the listed references nre num¬ 
bered and cited in the text by number. In others they are 
cited in the text by author and year. Each method has 
certain advantages and limitations. 

Book citations. Citations of author and title are tho 
same for both books and periodical articles and seldom 
present problems. Special cases are covered in the De- 
parment of Agriculture directions (pp. 4-9). Name of 
author should be given as in original publication, rather 
than with initials only, and the title, unless it is very 
long, is cited in full. 

In ordinary botanical citations the less important items, 
not needed in finding the reference, are preferably 
omitted. These items include the preliminary pages of 
a preface or introduction, numbered with Roman numer¬ 
als, the number and kinds of illustrations, and the name 
of the publishing company. Tho abbreviation “illus.,” 
as used by the Department of Agriculture, is sufficient to 
indicate that the reference is illustrated. Whore desir¬ 
able, numbers and kinds of illustrations may be indicated 
by “pi.” for plate and “f. ” for figure. However, use 
of italics for illustrations, as provided in tho Madison 
Mules, is not general and should remain optional. Arabic 
numerals are better, even for plates bearing Roman nu¬ 
merals. Definite action should be taken on whether to 
abbreviate pages as “p.” or “pp.” 

Periodical citations . These differ from book citations 
chiefly in including an abbreviated title of the periodical. 
The Madison Rules call for series in Roman capitals, 
Whereas the Department of Agriculture directions state 
that series numbers should be set off by commas (my 
choice) or in parentheses preceding volume number. 

Under both systems, volume numbers are in Arabic nu¬ 
merals, followed by colon, apace, and page number. How- 
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ever, boldface numerals for volumes, specified by the 
Madison Mules and supported by Rickett (Bull Torrey 
bot, Club, 1947, 76, 160), are not used by the Department 
of Agriculture and should be optional. They require 
extra care and time of author, editor, and printer but do 
not stand out noticeably and do not assist the reader ma¬ 
terially. Besides, publications reproduced from type¬ 
written copy by offset process, which are multiplying 
rapidly and which include both Bibliography of Agricul¬ 
ture and Biological Abstracts , cannot use boldface type. 
Roman numerals for volumes, still retained in some con¬ 
servative publications, most of them foreign, should be 
abandoned. 

Agreement is needed on how to cite the number or part 
of a periodical when sepamtoly paged. The Madison 
Mules provided for writing the separately paged part as 
a small upper number, such as used in numbering foot¬ 
notes and variously called a superior figure, index figure, 
or superscript number. However, superscript numbers 
have objections similar to those of boldface numerals. I 
prefer the Department of Agriculture method of citing 
separately paged numbers or parts in parentheses between 
volume and colon. 

Ordinarily the year of the particular issue is sufficient 
in citation of the date of a periodical article. The Madi¬ 
son Mules recommended that the exact date be given, if 
possible, with the following abbreviations of months used 
by the Library Bureau; Ja, F, Mr, Ap, My, Je, Jl, Ag, 
8, O, N, D. However, the conventional abbreviations of 
months are clearer to readers, both English-speaking and 
foreign. 

Abbreviation of titles of periodicals. The item in 
which usage probably varies most widely is abbreviation 
of titles of periodicals. Fortunately, most shortened titles 
are readily understood even though inconsistent. A list 
of these abbreviations was mentioned in the Madison 
Rules but was never published. Agreement on abbrevia¬ 
tions is less important than accord upon numerals and 
typographical devices, and could be considered separately 
when the Tules are revised. 

The most detailed reference on this subject is Whit¬ 
lock ’a Abbreviations used in the Department of Agricul¬ 
ture for titles of publications, issued in 1939 and follow¬ 
ing earlier lists of 1906 and 1925. It contains a valuable 
list of abbreviations for single words (pp. 259-278) for 
preparation of uniform citations of older and newer peri¬ 
odicals and changed titles. Some botanical bibliogra¬ 
phies, such as those by S. F, Blake and Alice C. Atwood 
(Miso. Publ. V . 8 . Dept Agrio ., 1942, 401, 202) and by 
Alfred Rehder (Bibliography of cultivated trees and 
shrubs . Jamaica Plain, Mass.: Arnold Arboretum of 
Harvard University, 1949. Pp. xvii-xxxvii.), have their, 
own special lists of abbreviations of the periodicals cited. 

Three arrangements of citation based upon the order 
of words or abbreviations are used; (1) by strict order 
of title; (2) by name of institution or society, if a part 
of title; or (8) by place of institution or society. Thus, 
Proceedings of the biological Society of Washington m ay 


be abbreviated: (1) Proc. Biol, 8oc. Wash*, (2) Biot Soc. 
Wash , Proc., or (3) Wash . Biol. Soc . Proc . 

The first arrangement, with abbreviations in order oU 
title, is the simplest and most widely adopted, being used 
in Abbreviations of periodicals cited in the Index to 
American botanical literature , by Schwarton and Rickett, 
and by many botanical periodicals. The Department of 
Agriculture and The Agricultural Index follow essentially 
th^ second order. State publications are listed with ab¬ 
breviation of the state first, publications of the U. 8. De¬ 
partment of Agriculture and other departments are under 
“U. 6., ” and foreign government publications are ei\ 
tered under names of countries. Advantages for placing 
institution, society, or state first ar(> that most libraries 
catalogue periodicals in this manner and that all publica¬ 
tions of one organization are listed together. 

Many titles, those not containing the name of an in¬ 
stitution or society, have the same order under all sys¬ 
tems, The second and third arrangements agree with the 
first for many titles and with each other for most, also. 
Published lists reveal that slight inconsistencies may oc¬ 
cur in any system. None of these arrangements is greatly 
superior to the others. If agreement upon one is not 
possible, perhaps the best features of two systems could 
be combined satisfactorily, or one might be adopted with 
certain exceptions allowed. 

Which words to omit in abbreviations of periodicals is 
a problem. Iiickett (p. 167) stated that lt Bot can be 
omitted in an exclusively botanical work. Thus, Schwar- 
ten and Rickett listed Bull, Torrey Club for Bulletin of 
the Torrey botanical Club f Jour. Wash. Acad, for Journal 
of the Washington Academy of Sciences, etc. Ratbeor, 
the question is whether the readers are exclusively botani¬ 
cal. I urge retention of these parts indicating contents, 
such as “Bot.,” “Soi.,” and “Agr as essential for 
clarity and for helping nonbotanic&l readers, students, 
foreigners, and librarians to find the references. 

How much to abbreviate each word is another item in 
which usage varies too much. For example, Journal is 
reduced to “Journ.,” “Jour,,” “J,” and “J.,” and 
Bulletin to ' * Bull., ” “ But, ” *' B, '' and ‘ ‘ B. ” Rickett 
(p. 108) has noted that Recommendation XXX of the 
International rules of botanioal nomenclature , for ab¬ 
breviating authors’ names, serves admirably for titles. 

Possibilities for variation and originality in citing bo¬ 
tanical periodicals are almost unlimited. The number of 
words may vary, their order may be changed, and the 
abbreviations of words may differ in length. As an il¬ 
lustration, I have found in current usage for Journal of 
the Washington Academy of Sciences eleven different ab¬ 
breviations. Isn’t all this variation rather silly? A par¬ 
tial solution is more one-word periodicals and serials in 
the future, as discussed by E. D. Merrill (Brittonia, 1931, 
1, 1), or even two-word periodicals. A one-name title, 
such as Science, is not abbreviated and cannot be reversed, 

Elbert L. Little, Je. 

U. 8. Department of Agriculture, Forest Service 
Washington, D. C, 
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Book Reviews 


Human behavior and the principle of leatt effortt An in* 

traduction to human ecology. George Kingsley Zipf, 

Cambridge, Mass.: Addison-Wesley, 1949, Pp. xi + 573. 

(Illustrated.) $6.50* 

This is one of the most ambitious books ever written. 
Its expressed purpose is “to establish the Principle of 
Least Effort as the primary principle that governs our 
entire individual and collective behavior of all sorts 
there is an allusion to Hamilton ’s Principle of Least Ac¬ 
tion in mechanics. Even more ambitious would be the 
reviewer who would presume to offer a final appraisal now 
of tho full degree of the book f s success. Unquestionably 
a large part of it will withstand the test of time and 
will grow in influence, whether or not Least Effort be 
comes generally accepted as a fundamental coordinating 
principle of human behavioT. 

In an ago of academic suporspecialization, work like 
this is altogether different and refreshing. It cuts across 
departmental and divisional boundaries as nothing else 
has for a century. Language, vocabularies, tho ego, sex, 
schizophrenia, theory of art, human geography, the struc¬ 
ture and relations of cities, tho incomes and social status 
of individuals, prestige symbols, and cultural voguos— 
these are some of the subjects treated with a continuous 
attempt at closely knit reasoning, modeled in large 
measure on the reasoning of physical science and at a 
great many points tested against a wealth of systematic 
quantitative observations. The extensive recapitulation 
and bibliography of these alone would make the book a 
very valuable contribution to empiric social science. 

Zipf, unlike most contributors to social studies, is fully 
aware of the usefulness of empirical mathematical regu¬ 
larities as a stage between observation and theory. Many 
of the interesting ones cited are his own work or his stu¬ 
dents'; evidently he possesses the enthusiasm which stim¬ 
ulates volunteers to undertake a long and tiresome count 
for the sake of establishing some empirical formula which 
of necessity at that stage completely lacks “meaning. M 

Social statisticians have expended a huge and com¬ 
mendable amount of labor and funds in gathering data, 
while relatively few investigators have tried to condense 
these shelves of statistics into roughly approximate em¬ 
pirical rules. Tables or graphs which compare computed 
with observed quantities are all too rare in the social 
field. A principal reason seems to be that social scientists 
are not trained in such work, nor are they readily able 
to make use of its results. This is because they are ac¬ 
customed to looking for “meanings M intelligible in ordi¬ 
nary human terms and related to general ideas previously 
advanced. 

As one example of detailed data presented (pp. 28-24), 


the novel Ulysses, according to the studies of Hanley and 
Joos, has 260,430 running words and 29,899 different 
words. When the latter are listed in the decreasing order 
of the frequency of their occurrence in the novel, the 
product of the rank of a word by its frequency roughly 
approximates 29,000 in every case, throughout the series 
of 29,899 different words. Of course those at the tail 
end of the list are used only once apiece, so that the last 
product is exactly 29,899. To the conventional student 
of language this empirical rule, rank times frequency 
equals a constant, is “meaningless 11 and uninteresting. 

To an investigator with George Kingsley Zipf's in¬ 
sight and originality this regularity, which he finds re¬ 
peated again and again in other widely varying data, is 
surprising and exciting and offers a key to major prin¬ 
ciples of human activity. He applies it with aid of the 
concept of “tools which must-match-their-jobs. 11 

Wisely, or not, the author here and there indulges in 
satire: some of liis remarks about the “Pied Piper mo- 
mUty" (pp. 478 f.) are an instance. Galileo was a satir¬ 
ist too; and, while that got him into deeper troubles, per¬ 
haps logic needs satire to enliven it when new thoughts 
are belug advanced in the public market. 

There are readers who will regret the slow pace of some 
of the pages, while others will be grateful for the conse¬ 
quent easy steps in the reasoning. It would not be diffi¬ 
cult for a commission of experts to comb through this 
book and suggest minor improvements. It was E. U. 
Condon, not “E. V. Condon," (p. 546) who made an 
early suggestion of the rank-times-frequency rule for a 
vocabulary. Again, (p. 386) Kavenstein’s study of mi¬ 
gration (1885) is quoted as the pioneer notion of the 
existence of the formula, population divided by distance. 
However, Bavenstein did not suspect, as a much earlier 
writer did, that this formula had general application to 
the relations of people with people. Henry C. Carey, of 
Philadelphia, iu 3859 gave what he culled the “molecular 
gravitation 51 of people for people, and the activities re¬ 
sulting from their association, leading roles in his three- 
volume Principles of social science. Although his treat¬ 
ment was wholly verbal, it parallels this and other physi¬ 
cal formulae mentioned by Zipf. 

No reviewer ean be a competent substitute for a com 
mission of exports in “economics, sociology, cultural an¬ 
thropology, psychology—both general and Freudian—lin¬ 
guistics, and semantics, 1 * which are relevant fields listed 
by the author. But the present reviewer is sure ho can 
detect in this book the definitive beginning of a new, less 
confined, and more humanly productive era in research. 

John Q. Stxwast 

Princeton University 
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logical and medical sciences would continue at its present 
level with the indicated redirection of emphasis. 

3. Fellows now under appointment are to be candidates 
for reappointment under the criteria for scientific com¬ 
petence previously applied by the National Research 
Council, without regard to the additional requirements 
listed in the previous paragraphs. 

4. The National Research Council is to have no re¬ 
sponsibility for loyalty determination procedures otheT 
than submitting to the Commission the names of fellow¬ 
ship applicants and the names of those applicants judged 
by the Council to merit fellowships on the basis of scien¬ 
tific promise. Public announcement is to be made that 
the National Research Council will notify applicants of 
acceptance or rejection on scientific grounds, and the 
Commission will notify applicants of acceptance or re¬ 
jection on grounds of security or loyalty. 

It is our opinion that a fellowship program thus re¬ 
constituted would make a valuable contribution to the 
work of the Commission. The administrative experience 
of the National Research Council, and its established 
reputation for sound scientific judgment, would guarantee 
maximum effectiveness of such a program. These argu¬ 
ments have guided us in proposing for your consideration 
the plan outlined above. 

We would like to express to you and to your fellow 
members of the National Academy of Sciences our grati¬ 
tude for the attention and study you have given to the 
fellowship question. It is our sincere wish that an early 
agreement can be reached. 

Letter dated November SO from Alfred N. Richards, 
president of the National Academy of Sciences , to Carroll 
L. Wilson , general manager of the V, S . Atomic Eenergy 
Commission; 

In response to your letter of November 37, amplified 
by two subsequent memoranda from Dr. Warren, I can 
now inform yon that, should you make the request, the 
National Academy of Sciences will authorise the Na¬ 
tional Research Council to administer a new program of 
AEG fellowships consisting of the following provisions: 

3. No now predoctoral fellowships will be offered. 

2. In order that commitments in announcements of the 
predoctoral fellowships and of the postdoctoral medical 
fellowships for 1949-50 shall be fulfilled, applications 
for renewal of current fellowships in those categories will 
be solicited by the National Research Council and renewal 
recommended for those whose progress warrants it. How¬ 
ever, because of the amendment to the Independent Offices 
Appropriation Act of 1950, such recommendations can 
become effective only after the applicant has been investi¬ 
gated as to character, associations and loyalty by the 


Federal Bureau of Investigation and clearance given by 
the Atomic Energy Commission. Hence those whose ap¬ 
plications for renewal are approvod by the National Re¬ 
search Council will receive from the Atomic Eenergy Com-* 
mission a copy of the amendment referred to above and a 
personnel security questionnaire which must be filled out 
and returned before the FBI investigation can be initi¬ 
ated. Decisions by AEG, based upon the FBI report, will 
determine the fellowship awards. 

3. The National Research Council will administer a 
limited program of postdoctoral fellowships in the phys¬ 
ical sciences, biology, biophysics and medicine for ad¬ 
vanced training in fields of secret work or in problems 
which require access to restricted data. For holders of 
these fellowships, FBI investigation and full security* 
clearance constitute an accepted requirement. 

In the physical sciences, the fields of study will be 
limited to those closely related to the AEC program, such 
as the chemistry and nuclear physics of elements of 
atomic number greater than 90, the neutron physics of 
various elements, the effects of high energy radiation on 
matter, the chemistry of the elements in tlio fission-prod¬ 
ucts range and the separation of isotopes. 

In biology, biophysics, and medicine, the research fields 
will include experimental aspects related to atomic energy 
which require the use of the special facilities available in 
tho A EC installations and/or access to restricted data. 
This work would include studies such as the physiological 
and toxicological offects of fission products, and the devel¬ 
opment of radiation instruments as applied to biological 
and health physics problems of a classified nature. 

Since, in this postdoctoral program, considerations of 
classification policy, security clearance and the AEC pro¬ 
gram play so great a part, it is deemed inappropriate for 
the National Research Council to agree permanently to 
administer it; hence the administrative commitments set 
forth in this letter do not extend beyond .Tune 30, 3951, 

* * V <d 

I think you understand that the radical change from 
tho previously existing AEC fellowship program repre¬ 
sented by the provisions stated above is the consequence 
of tho belief held by the Council of the National Academy 
nnd by the majority of its members who have expressed 
themselves that FBI investigation of AEC fellows who 
work in non-classified fields and who do not have access 
to restricted data is unnecessary from the standpoint of 
the national security and unwise from the standpoint of 
the advance of science in the United States. 

It is also understood that had the Atomic Energy Com¬ 
mission determined to conduct the administration of a 
broader fellowship program, the National Academy and 
the National Research Council would have been glad to 
assist with scientific advice to the full extent of their 
competence. 
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NEWS 
and Notes 

Physicists Robert J. Oppen- 
hcimer and Ernest O. Lawrence 
and naturalist Fairfield Osborn 
have been appointed to the col lego 
of electors of the Hall of Fame for 
Great Americans on the campus of 
New York University. Of the 120 
Americans now serving on the elec 
torn) body, eight are scientists. The 
now appointees will vote on the 1950 
nominees to the Hall of Fame. 

The National Institute of Sciences 
of India has elected as Honorary 
Fellows Harlow Shapley, director 
of Harvard Observatory, Louis de 
Broglie, French physicist, Hans van 
Euler, Swedish chemist, and George 
Tishler, German botanist. 

H. Keefer Hartline, professor of 
biophysics and chairman of that de¬ 
partment at Johns Hopkins Univer¬ 
sity, has been appointed to succeed 
Robert D. Fowler as the scientific 
representative from Johns Hopkins 
on the Board of Trustees of As¬ 
sociated Universities, Inc. The 
board is one of the governing bodies 
of the Brookhaven National Labora¬ 
tory, 

Manfred Bleuler, director of the 
Psychiatric Clinic Burgholzli, and 
professor of psychiatry at the Uni¬ 
versity of Zurich, Switzerland, has 
joined the staff of the Payne Whit¬ 
ney Psychiatric Clinic, New York 
Hospital, and will spend a year in 
research on the etiology of aleo 
holism. The research project was 
begun at the clinic three years ago 
through the support of the National 
Research Council. Dr, Bleuler has 
also been appointed lecturer in psy¬ 
chiatry at Cornell University Medi¬ 
cal College. 

Raymond W. Garland, associate 
professor of botany, has been ap¬ 
pointed head of the Department of 
Biology of the University of Minne¬ 
sota, Duluth Branch, succeeding 
Olga Lakela, who will become cura¬ 
tor of the university’* herbarium. 


Hugh McCulloch, chief of the 
medical staff of LaRabida Jackson 
Park Sanitarium, Chicago, has been 
appointed professorial lecturer in 
pediatrics at the University of Illi¬ 
nois College of Medicine. The col¬ 
lege has also announced the appoint¬ 
ment of Sigvald B. Ref sum, who 
came here recently from Oslo, Nor¬ 
way, as professorial lecturer in psy¬ 
chiatry. Dr. Ref sum is conducting 
research in electroencephalography 
with Frederic A. Gibbs in the Con¬ 
sultation Clinic for Epilepsy. 

S. Kenneth Love, chief of the 
Quality of Water Branch of the 
U, 8. Geologicul Survey’s Water Re¬ 
sources Division, lias been elected 
chairman of the American Chemi¬ 
cal Society’s Division of Water, 
Sewage, and Sanitation Chemistry. 

Harold A. Abramson, assistant 
clinical professor of physiology, Co¬ 
lumbia University, has been ap¬ 
pointed chief of the Allergy Clinic 
at the Mount Sinai Hospital, New 
York City. 

Paul Delahay, research associate 
at the University of Oregon, Eugene, 
has been appointed assistant profes¬ 
sor of chemistry at Louisiana State 
University, Baton Rouge. 

Florence M. Mac Lean has been 
appointed clinical director of the 
Occupational Therapy Section, De¬ 
partment of Physical Medicine, Uni¬ 
versity of Illinois. 

John H. Barr, associate professor 
of medicine, University of Texas 
School of Dentistry, has been ap¬ 
pointed director of clinics and pro¬ 
fessor of clinical dentistry in the 
Tufts College Dental School. 

Visitors to U. S. 

Recent visitors at the National 
Bureau of Standards included A. E. 
Blouin, W. E. Cowie, and L. G. 
Wilson, of the Defense Research 
Chemical Laboratory, Defense Re¬ 
search Board, Ottawa; George Mil¬ 
ler, professor of physics at the Na¬ 
tional University of Colombia, Bo¬ 
gota ; Roman C. Bieber, instruments 
engineer, Lonza, Ltd., Switzerland; 
and R. R, Wamecke, chief, micro¬ 
wave tube research, Compagnie Gen¬ 
erals de Telegraphie Sans Fil, Paris. 


Fellowships, Scholarships, 
and Prizes 

The National Research Council 

announces the availability of the 
Merck Postdoctoral Fellowships for 
1950. These fellowships are designed 
to give special training and ex 
perience to young men and women 
who have demonstrated ability in 
research in chemical or biological 
science, and who wish to broaden 
their fields of investigation. Fel¬ 
lowships are open to citizens of the 
U. S. with training in chemistry or 
biology equivalent to that repre¬ 
sented by the Ph.D. degree. All 
fields of chemistry or biology, in¬ 
cluding the preclinicol medical sci¬ 
ences, are open to applicants for 
these fellowships, and special con 
sidoration will be given to appli¬ 
cants who wish to supplement their 
specialty with work in another field. 
Applications must be died before 
January 15. Awards will be made 
as soon as possible after March 1 
and, unless otherwise arranged, ten¬ 
ure will begin on July 1. Appoint¬ 
ments will be made for one year; in 
exceptional cases applications for 
renewal will be considered. Further 
information and application blanks 
may be obtained from the Fellow¬ 
ship Office, National Research Coun¬ 
cil, 2101 Constitution Avenue, Wash¬ 
ington 25, D. C. 

The Society for Pediatric Re¬ 
search has appointed seven additional 
Mead Johnson Fellows for the aca¬ 
demic year 1949-00. They are C. T. 
Lee, China; Solomon A. Kaplan, 
South Africa; Carlos A. Bauza, Uru¬ 
guay: Isabelle Valadian, Lebanon; 
Romdn Sanz Munoz, Mexico; Dacio 
Pinhoiro, Brazil; and Jorge Ar- 
guedas Soto, Costa Rica. 

The Life Insurance Medical Re¬ 
search Fund invites faculty mem¬ 
bers to nominate candidates for 
1950-51 student fellowships for re¬ 
search in the medical sciences (pre- 
doctoral). These fellowships are 
open to those who will have com¬ 
pleted one year or more of work in 
a medical or graduate school and are 
in a position to devote at least three- 
quarters of their time to research. 
Preference is given to those who wish 
to work on fundamental problems in 
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cardiovascular function. The usual 
stipend is at the rath of $1,000 to 
$2,000 per annum. Candidates must 
be nominated by investigators who 
are willing to sponsor them on the 
basis of personal knowledge. The 
closing date for 1950 nominations 
is February 16. Further informa¬ 
tion may be obtained from the Sci¬ 
entific Director of the Fund at 2 
Fast 103d Street, New York City 29. 

The Northeastern Section of the 
American Chemical Society has an¬ 
nounced a new award for outstanding 
achievement in the teaching of chem¬ 
istry in honor of the late .Tames F. 
Norris. It was made possible by a 
bequest of the late Mrs. Anne C. Nor- 
Hb, of Cambridge, Massachusetts, to 
perpetuate the memory of her hus¬ 
band, who was twice president of the 
American Chemical Society and a 
director for eleven years. Teachers 
from schools, colleges, and univer¬ 
sities are eliglible, The award will 
consist of an inscribed certificate and 
a sum of money to be awarded bi¬ 
ennially, in the years when the Rich¬ 
ards Medal for achievement in re 
search is not given by the section. 

Summer Studentships and Thesis 
Fellowships are being offered to 
qualified graduate students in pure 
and applied mathematics nt the Na¬ 
tional Bureau of Standards ’ Insti¬ 
tute for Numerical Analysis at the 
University of California, Lob An¬ 
geles. The studentships are for a 
10 week term from the middle of 
June to the end of August, with sti¬ 
pends from $500 to $700. The thesis 
fellowships are fixed at approxi¬ 
mately $2,000 for an 11-month work¬ 
ing year, provided the candidate al¬ 
ready possesses an M.A. degree or 
equivalent experience. Preliminary 
applications must be submitted be¬ 
fore March 1. Further information 
may be obtained from the director 
of research of the institute. 

The third annual competition of 
the Engineering Undergraduate 
Award and Scholarship Program 
has been announced by the James F. 
Lincoln Are Welding Foundation, 
Cleveland, Ohio. Awards ranging 
from $1,000 to $26, and $1,750 for 
seven scholarships will be given to 
students and schools for the beet pa¬ 


pers prepared by undergraduates 
on arc welded design, research, fab¬ 
rication, or maintenance. Papers 
must be submitted before Map id> 
1960 . A copy of rules and conditions 
may be obtained from the James F. 
Lincoln Arc Welding Foundation, 
Cleveland, Ohio. 

* 

Grants and Awards' 

Grants for support of medical 
and biological research totaling 
$835,770 have been announced by the 
U. S. Public Health Service. The 
awards will go to 61 institutions in 
29 states, the District of Columbia, 
and 3 foreign countries and will aid 
research in a wide range of subjects 
including nutrition, use of streptomy¬ 
cin in tuberculosis, tropical disease 
research, electrical activity of the 
central nervous system, and strains 
of influenza virus involved in the 
European epidemic last winter. 

Grants to support heart research 

and to build heart research labora¬ 
tory facilities have been made to 21 
institutions by the National Heart 
Institute of the National Institutes 
of Health, Bothesda, Maryland, 
principal research branch of the 
Public Health Service. Totaling 
$358,109, the grants include $248,- 
109 for 20 research investigations in 
18 nonfederal institutions in 13 
states and the District of Columbia, 
nnd $110,000 to provide necessary 
research laboratory facilities for 
study of heart diseases in two non¬ 
federal institutions. The largest sum 
—$100,000—went to the Oklahoma 
Research Foundation to provide clini¬ 
cal facilities for cardiovascular re¬ 
search in a basic research plant now 
under construction. Other large 
grants included $04,800 to North¬ 
western University for the investiga¬ 
tion of rheumatic fever; $33,970 to 
Western Reserve University, Cleve¬ 
land, for experimental investigations 
to improve the circulation of the 
coronary arteries; and $23,057 to the 
University of Chicago, for investi¬ 
gating the degenerative complica¬ 
tions of diabetes as they affect the 
arteries. 

The American Institute of Chemi¬ 
cal Engineers presented the follow¬ 
ing awards at its annual meeting 


last week in Pittsburgh: the Wil¬ 
liam H. Walker Award for dis¬ 
tinctive contribution to the literature 
of chemical engineering to William 
H. McAdams, professor of chemical 
engineering, Massachusetts Institute 
of Technology for his work in boat 
transfer; the Celanese Corporation 
of America Professional Progress 
Award in Chemical Engineering 
to Mott Souders, Jr., head of the 
Chemical Engineering Research Sec¬ 
tion of the Shell Development Com¬ 
pany, Emeryville, California. 

Nicholas J. Hoff, professor of 
Aeronautical Engineering at Poly¬ 
technic Institute of Brooklyn, has 
been awarded the Medal of the 
Swedish Society of Engineers. The 
medal was presented during Dr. 
Hoff’s recent visit to 8weden in ap¬ 
preciation of his contributions to 
structural engineering, particu 1 arly 
for his work on the instability of air¬ 
plane fuseluges, the buckling of rigid 
jointed trusts, and the effects of 
concentrated ’ loads on fuselage 
frames. Dr. Hoff is the first Ameri¬ 
can aeronautical scientist to receive 
the modal. 

Colleges and Universities 

Programs for the spring sessions 
of the current Mechanics Colloquium 
at the IllinioB Institute of Tech¬ 
nology are as follows: January 4— 

Frontier Problems of Fluid Me¬ 
chanics 1 } by B. L. Vryden, director, 
National Advisory Committee for 
Aeronautics; February 1—“ The Me¬ 
chanics of Earth Slides in Clays” 
by P. C. Rutledge, chairman, De. 
partmout of Civil Engineering, Tech¬ 
nologies t Institute, Northwestern 
University; March l—* ‘ The Dy¬ 
namic Behavior of Materials Having 
Hereditary Characteristics M by E, 
Volterra , associate professor of me¬ 
chanics, Illinois Institute of Tech¬ 
nology (to be held in the Technologi¬ 
cal Institute, Northwestern Univer¬ 
sity, Evanston); April 5—“Modern 
Theories of Failure of Materials 1 * by 
C. Zener, professor of physics, Insti¬ 
tute for the Study of Metals, Univer¬ 
sity of Chicago; and May 3—“Re¬ 
cent Problems in Vibration” by 7. 
P. den. Hartog, professor of meehani* 
cal engineering, Massachusetts Insti¬ 
tute of Technology. 
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A series of meetings on funda- 
mental problem! on growth and ma¬ 
lignancy is being presented by the 
Department of Pathology, Univer¬ 
sity of Vermont and State Agri¬ 
cultural College, Burlington, Ver¬ 
mont. Speakers and topics for the 
forthcoming meetings are: January 
6— Leonell C. Strong t professor of 
anatomy, Yale University School of 
Medicine, * 1 Genetics and CanceT ’ ’; 
February 9— Albert J. Tannenbaum , 
director, Department of Cancer Re¬ 
search, Michael Reese Hospital, Chi¬ 
cago, 1 * Diet and Cancer * *; March 2 
—Van R. Potter, professor of oncol¬ 
ogy, University of Wisconsin Medi¬ 
cal School, lt Enzymes, Growth, and 
Cancer March 30 —Hoy Hertz, 
chief, Endocrinology Section, Na¬ 
tional Cancer Institute, Bethesda, 
Maryland, * 4 Vitamin-Hormone In¬ 
terrelationships Affecting Tissue 
Growth”; and May 4 —Robert S. 
Stowell , professor of oncology, Uni¬ 
versity of Kansas School of Medi¬ 
cine, “Nucleoprotein, Growth, and 
Cancer. * * 

Industrial Laboratories 

J. Murray Scott, medical director 
of Ayerst, McKenna and Harrison, 
New York and Montreal, has been 
appointed medical director of Sharp 
and Dohmc, Inc., Philadelphia. Dr. 
Scott succeeds J. William Crosson, 
who has been named to fill the newly 
created position of medical adminis¬ 
trator. 

The American Optical Company, 
Southbridgo, Massachusetts, has 
opened its new Stamford Research 
Laboratory at Stamford, Connecti¬ 
cut. Supplementing the research fa¬ 
cilities and program of the company, 
the laboratory will be used for 
studies in geometrical optics, micros¬ 
copy, photographic optics, spectros¬ 
copy, optical methods for research 
in nuclear physics, glass chemistry, 
instruments, and optica) materials. 

Meetings and Elections 

The 75th Anniversary Meeting 
of rile Cambridge Entomological 
Club will be held on December £0 
at Harvard. The program will in¬ 
clude an address by Marston Bates, 
author of The uaturdt history of 


mosquitoes and member of the. staff 
of the Rockefeller Foundation, on 
“Entomological Research in the 
Tropics, ’ ’ 

The Relation of Psychology to 
Medicine will be the subject of a 
conference to be held at the Univer¬ 
sity of Pittsburgh February 9-10. 
This is the fourth of the series on 
current trends in psychology sched¬ 
uled by the university’s Department 
of Psychology. All members of the 
American Psychological Association 
and of the American Medical Asso¬ 
ciation may obtain tickets of admis¬ 
sion without charge by writing to 
the Department of Psychology, Uni¬ 
versity of Pittsburgh. 

The Federation of American So¬ 
cieties for Experimental Biology 

will hold its 34th annual meeting 
April 17-21, in Atlantic City, New 
Jersey. Affiliated societies are: The 
American Physiological Society; 
American Society of Biological Chem¬ 
ists; American Society for Pharma¬ 
cology and Experimental Therapeu¬ 
tics; The American Society for Ex¬ 
perimental Pathology; American In 
stituto of Nutrition; and The Ameri¬ 
can Association of Immunologists. 
Approximately 1000 papors will be 
presented in the fields of these so¬ 
cieties. In addition, there will be a 
joint session of all six societies and 
several symposia. Attendance will be 
open to members of the constituent 
societies and their associates and to 
interested biologists in all countries. 

Biologists in the fields represented 
by the federation may submit titles 
and abstracts of papers they wish to 
read to tlie secretary of the appro¬ 
priate society, not later than Janu¬ 
ary 10 . Nonmembors must be in¬ 
troduced by a member. Scientific 
and technical exhibits may be made 
by individuals, laboratories, insti¬ 
tutions, and industrial organizations. 
Further information may be obtained 
from the Federation Secretary, 2101 
Constitution Avenue, Washington 25, 
D. C. 

Scientists from the U. S. and Can¬ 
ada who have been invited to at¬ 
tend the symposium M M6canitme de 
k Norcose” to be held in Paris 
April 10-26 are W. D. McElroy, 
Johns Hopkins University, Balti¬ 


more; L. V. Heilbrunn, Zoological 
Laboratory, Philadelphia; and J. H. 
Quastel, Biochemical Department, 
McGill University, Montreal. 

The American Chemical Society 

1ms chosen N. Howell Furman, Rus¬ 
sell Wellman Moore Professor of 
Chemistry, Princeton University, as 
president elect; he will head the so¬ 
ciety in 1961. President for 1950 
will be Ernest H. Volwiler, execu¬ 
tive vice president of Abbott Labora¬ 
tories, Chicago, who will take office 
on January 1, succeeding Linus Paul¬ 
ing, of the California Institute of 
Technology. The two new members 
of the Board of Directors, elected 
to serve three-year terms, are Ray¬ 
mond E. Kirk, head of the Chemis¬ 
try Department, Polytechnic Insti¬ 
tute of Brooklyn, and Farrington 
Daniels, Chemistry Department, Uni¬ 
versity of Wisconsin. 

The Pacific Division of the 
American Society of Limnology 
and Oceanography elected the fob 
lowing officers for 1950 at its June 
meeting with the A A AS in Vancou¬ 
ver, Canada: president, G. F. Mc- 
Ewen, LaJolla, California; vice 
president, W. T. Edmondson, Seat¬ 
tle, Washington; secretary-treasurer, 
John P. Tully, Nanaimo, British Co¬ 
lumbia; members-at-large, Clifford 
A. Barnes, University of Washing 
ton; and Donald L. McKernan, 
Clackamas, Oregon. 

The American Institute of 
Chemical Engineers has elected the 
following officers for 1950: presi¬ 
dent, Warren L. McCabe, vice presi¬ 
dent and director of research of the 
Flintkote Company; vice president, 
T. H. Chilton, technical director of 
the Development Engineering Divi¬ 
sion, E. I. duPout deNemours and 
Company. &. L. Tyler and C. R. De 
Long, both of New York City, were 
reelected secretary and treasurer re¬ 
spectively. 

Deaths 

Oliver Edwin Baker, 66, profes¬ 
sor of geography at the University 
of Mainland, died December 2 at his 
home in College Pork, Maryland. 
Head of the Geography Department 
since 1942, Dr. Baker had resigned 
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last July in order to devote more 
time to research. At the time of 
Uis death he was working with 
Charles Hu, of the Geography De¬ 
partment, on an atlas of China and 
an atlas of world resources, 

Charles Kephart Swartz, 88, pro¬ 
fessor emeritus of geology at Johns 
Hopkins University since 1931, died 
November 26 at his home in Balti¬ 
more after an illness of several 
months. As a student at Heidelberg 
in 1888 he worked with Heinrich 
Hertz in the early experiments, on 
Hertzian waves. Dr. Swartz was a 
former president of the American 
Paleontological Society and former 
vice president of the Geological So¬ 
ciety of America. 

George Joseph Brunner, 67, pro¬ 
fessor of geophysics at Saint Louis 
University, died November 22. He 
was an authority on deep earth¬ 
quakes and his graphical method for 
determining their characteristics, 
published in 1943, is widely used. 

Charles Robert Moulton, 65, as¬ 
sistant director of the Patent Vi vi¬ 
sion of the Argonne National Lab¬ 
oratory aince 1946 and former Uni¬ 
versity of Missouri chemistry pro¬ 
fessor, died in Chicago December 4 
of a cerebral hemorrhage. 

Walter L, Howard, 77, professor 
emeritus of pomology at the College 
of Agriculture of the University of 
California at Davis, died October 17. 
Dr. Howard was director at Davia 
from 1924 to 1937 and in addition to 
agricultural publications he had writ¬ 
ten a book about Luther Burbank, 


Blindness caused by neutron 
radiation is being cured in the case 
of Alexander J. Allen, professor in 
charge of the University of Pitts¬ 
burgh cyclotron, whose vision was 
impaired as he adjusted the cyclo¬ 
tron in the spring of 1948. Almost 
totally blind, he went last July to 
Columbia Presbyterian Medical Cen¬ 
ter in New York City, where Alger¬ 
non Reese removed the lens of his 
right eye. Dr. Allen now wears spec¬ 
tacles with a thick right lens. His 
eye is showing steady improvement. 
Next summer a similar operation will 
be performed on his left eye, and it 


Is expected that his sight will he 
restored. 

A new society of industrial mi¬ 
crobiologists is to bo organized to 
cover the borderline work in applica¬ 
tion of microbiological knowledge or 
processes to work with industrial ma¬ 
terials. The society planStto handle 
such problems as deterioration and 
preservation of military and indus¬ 
trial materials, microbiologic manu¬ 
facturing processes, and microbio¬ 
logic assay. The organization meet¬ 
ing will be held Thursday, December 
29 at 4 :00 p.m. in the Hotel McAlpin 
Ballroom, in connection with the 
Now York meeting of the American 
Association for the Advancement of 
Science. 

The National Registry of Rare 
Chemicals, 35 West 33rd Street, Chi¬ 
cago, Illinois, haa submitted the fol¬ 
lowing list of wanted chemicals: 
phloretin; ribose-1-phosphate; 4-bro- 
mocyclohexanone; 4-methyl-4-bromo- 
cyclohexanone; 4,6-diaminoquin ai¬ 
ding; potassium carbide; 1,7-dibro- 
mo-w-beptane; 1 -methyl-2-methyJene- 
1,2-dihydroquinolin©; 6-aminoheptoic 
acid; 7-aminocaprylic acid; tin car¬ 
bide; berbamiue; indoxylic acid; d- 
Iaudanosine; canadine; apiin; 2,3- 
dime rcaptobutane; estriol glucuro- 
nnte; barbatinic acid; and phrenosin. 

A research clinic for multiple 
sclerosis and related disorders of 
the nervous system has been estab¬ 
lished at the Montefiore Hospital, in 
the Bronx, New York, through a 
grant from the National Multiple 
Sclerosis Society, 

A training course for cardio¬ 
vascular investigators, sponsored 
jointly by the U. S, Public Health 
Service, American Heart Association, 
and Western Reserve University 
School of Medicine* will be offered 
in the Department of Physiology for 
the second time, Jyly I, 1950-Juno 
30, 1951. C. J. Wiggers will be in 
charge of the course, which will con¬ 
sist of formalized training in cardio¬ 
vascular research methods, assistance 
to experienced investigators, super¬ 
vision of independent research, and 
practice in manuscript preparation. 
Postdoctoral candidates accepted for 
training will be recommended to the 


director of the National Heart In¬ 
stitute, U. S. Public Health Service, 
for a research traineeship carrying 
a stipend ranging from $3,000 to 
$3,600 per annum. A maximum of 
ten trainees can be accepted. For 
information and application blanks, 
addresB Dr. C. J. Wiggors, Program 
Director, Western Reserve Univer¬ 
sity School of Medicine, Cleveland 6, 
Ohio. 

Recently Received— 

The Harvard Phonographic Meteor 
Program. Fred L. Whipple. Har¬ 
vard reprint 319. Harvard Ob¬ 
servatory, Cambridge. 

Excavations in Northeastern Mas¬ 
sachusetts. Ripley P. Bullen. 
Papers of the Robert S. Peabody 
Foundation for Archaeology, Vol. 
1, No. 3. Phillips Academy, 
Andover, Massachusetts. 
Observations on the Plant Com¬ 
munities at “Bundemar,” Trangie 
District, New South Wales, in 
relation to Chortoicetea term ini- 
fera {Walk.) and Austroicetes 
cruciata (Sauss.L L. R. Clark. 
Bull. 236. Council for Scientific 
and Industrial Research, Mel¬ 
bourne, Australia. 

The Shoulder Architecture of Bears 
and Other Carnivores. D. Dwight 
Davis. Fieldiana-Zoology, Vol. 
31, No. 34, Chicago Natural His¬ 
tory Museum. 25tf. 

The Races of the African Wood- 
Dove Turtur Afer. A. L. Rand 
Fieldiana-Zoology, Vol. 31, No. 
85, Chicago Natural History Mu¬ 
seum. lOtf. 

E studio Sobre las Serofosfataaaa. 
1-Fosiatasa Alcalina. Elena Pen- 
nini. Mercatali, Publisher, Aven- 
ida Acoyte 269, Buenos Aires, 
Argentina. 

Subspecies of the Ridge-Nosed 
Rattlesnake, Crotelus Willardi. 
Laurence M. Klauber* (Reprint) 
San Diego Society of Natural His¬ 
tory, San Diego, California. 

The Boylston Street Fiahweir 11; A 
study of the geology, paleobotany, 
and biology of a site on Stuart 
Street in the Back Bay District of 
Boston, Massachusetts. El so S. 
Barghoom st aZ. Papers of the 
Robert 8. Peabody Foundation for 
Archaeology, Vol. 4, No. 1. Phillips 
Academy, Andover, Massachusetts. 
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The United Nations Scientific Conference for the 
Conservation and Utilization of Resources 

Carl N. Gibboney 

Office of International Trade, Department of Commerce, Washington, D. C. 


W HEN MOKE THAN 600 scientists, 
economists, private businessmen, and 
government officials from 50-odd coun¬ 
tries of the world rnet at Lake Success 
from August 17 to September 6 for the United Na¬ 
tions Scientific Conference for the Conservation and 
Utilization of Resources, it was thought that any¬ 
thing could happen. What did happen was not 
startling. There were almost no sharp clashes that 
created ready-made newspaper headlines, for those 
who took part were not concerned in this meeting 
with political ideologies. The organization of the con¬ 
ference must be considered a great tribute to the work 
of the Economic and Social Council of the United 
Nations, and to its Secretariat. 

In opening the conference, Trygve Lie, United 
Nations Secretary-General, stated: 

Modern science has developed a wide range of new 
techniques for wresting more wealth from the earth’s 
resources. Their effective application is basic to achiev¬ 
ing a world of abundance—a world where the specters 
of hunger and wastelands will be things of the past. 

In particular, the underdeveloped areaB of the world 
can reap the benefits of learning new methods to use 
their untapped resources and to build up their economies. 
The conference represents one of the first and most im¬ 
portant steps in the program of technical assistance to 
underdeveloped countries, which the United Nations is 
undertaking. 

What these world authorities talked about had to 
do with the material things necessary for the survival 
of man and his attainment of higher levels of living. 
What was said about the availability of resources was 
generally reassuring. There are a few materials 
which are now considered essential but which are be¬ 
lieved to be insufficient to meet the world population's 
increasing demands. The possibility of now discov¬ 
eries, the availability of substitutes of more plentiful 
materials, and the possibilities of conservation in use 
tended to alleviate the worries of those who were in- 
alined to view the situation in great alarm. 

The basis for this general optimism was founded 
upon the ingenuity, resourcefulness, and knowledge 
with which modem man is developing techniques for 
the epnsqrvation and use of the resources of the world. 
Reports of the tremendous Advances that are being 


made in the techniques of production, processing, use, 
and conservation of resources of the world, as docu¬ 
mented in the hundreds of scientific papers presented, 
proved that necessity was creating invention. 

Colin Clark of Australia pointed out the race be¬ 
tween the increasing world population and the world's 
food supply: 

While man has proved himself capable of the most 
appalling misuse of natural resources under certain cir¬ 
cumstances, he has also shown himself capable of scien¬ 
tific improvement of agricultural technique capable of 
raising the product per man-year at the rate of li per¬ 
cent per annum. Even in some of the crowded areas of 
Europe and Asia great increases in agricultural produc¬ 
tion have been achieved. The worid’s population is in¬ 
creasing at the rate of 1 percent per annum and our 
problem is clearly soluble if we go about it the right way. 

A. I. Levorsen of the United States, summarized the 
outlook for petroleum reserves: 

Petroleum occurs in sedimentary rooks. The volume of 
sedimentary rocks found both on the land and under the 
shallow waters of the continental shelf areas bordering 
the continents may reasonably be expected to contain an 
amount of petroleum per unit volume comparable to what 
has been found in the sediments of the explored regions. 
The present estimates of the amount of the undiscovered 
reserve are on the ordor of 500 times the current, annual 
world consumption. Such estimates merely reflect the 
state of technical development and geological understand¬ 
ing at the time of the estimate. As ideas have developed, 
estimates have increased and may be expected to continue 
to increase in the future. 

These reserves must be discovered, to be of any use. 
Their discovery is determined by a combination of tech¬ 
nological, economic, and political factors. 

It was brought out time and time again that re¬ 
search, both fundamental and applied, must be in¬ 
creased if the demands of the world’s increasing popu¬ 
lation are to be met. It was emphasised that research 
must include discovery, development, production, and 
use of resources if supplies of needed materials are 
to provide a basis for the attainment of higher levels 
of living. It appeared that the earth’s resources and 
the ingenuity of man can provide an almost unlimited 
potential for improved living standards for the 
world's population. 
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But not all of the discussions painted such a rosy 
picture* Not all of the skill of the minerals scientist, 
whether he be geologist, mining engineer, or metal¬ 
lurgist, is being put to use in solving the problems 
of supplying metals and fuels essential to the attain¬ 
ment of higher levels of living. Only a small pro¬ 
portion of the energy available in the rivers of the 
world is being harnessed to supply power—power 
which is necessary if man is to produce the require¬ 
ments for a more satisfactory life. 

Tremendous strides are being made in the tech¬ 
niques of surveying forest reserves, in protecting 
forests from fire, and in the production and utiliza¬ 
tion of forest products. At the Bame time, forest 
resources continue to be destroyed in large scale 
through fires, insect ravages, and destructive harvest¬ 
ing methods. Decent housing for much of the world's 
population can be provided only if forest resources 
are carefully husbanded and utilized. Good forestry 
management can also supply paper essential to ex¬ 
change of information among peoples of the world. 

Papers dealing with soil resources brought out the 
disparity between the methods that have been devel¬ 
oped for the production and conservation of soil fer¬ 
tility and the methods that are being used by the many 
millions of people who are trying to earn a living 
through cultivating the soil. Not only would these 
advanced techniques conserve the soil's fertility; they 
would even increase its productive capacity. If prop¬ 
erly applied, this improved use of the soil, coupled 
with advancements in crop production and animal 
husbandry, could provide the necessary food and 
fibers to raise living standards for the world's in- 
crossing population. 

It was also made clear that man need not look to 
the land alone for his requirements, for in the large 
part of the world's surface covered by the sea lie great 
potentialities for the production of food and other 
necessities. Yet today large populations are sorely 
undernourished while great unused quantities of fish 
are near by. In other parts of the world, marine 
resources are being destroyed by overexploitation. 

The experts were in general agreement that, under 
most circumstances, it would be necessary to apply a 
combination of techniques involving a number of as¬ 
sociated resources if such resources were to be con¬ 
served and used for the benefit of mankind. This 
principle seems to be true whether it is applied to 
a river valley or to the economy of a whole country 
or region. An example brought this out. Scarcity of 
fuel in one area had resulted in denuding the produc¬ 
tive land of trees and shrubs that had protected it 
from desert encroachment. Hence, in this instance, 
the saving of productive soil became a question of 
finding an alternative fuel supply. 


Thoroughgoing surveys and analyses are needed as 
a basis for planning resource developments. Without 
adequate surveys, a single resource may be developed 
for only one purpose, when further study may indi¬ 
cate that a number of purposes could be served by a 
single development. For example, in the rush of in¬ 
dustrializing underdeveloped countries, a river may be 
dammeS fqr power purposes without study of irriga¬ 
tion and flood control possibilities. In other instances, 
the conservation of soil fertility may be handicapped 
because of the lack of phosphates. Surveys nmy re¬ 
veal that phosphate production must /await develop¬ 
ment of transportation and power. Combined re¬ 
source development was considered to be of particular 
importance in the underdeveloped countries. 

Even though it was already agreed that this com¬ 
prehensive approach is essential, the conference par¬ 
ticipants wore unable to agree how a combined re¬ 
source technique could best be applied in an under¬ 
developed country where technicians, skilled labor, and 
capital are limited. Roberto Vergara of Chile threw 
light upon the subject. 

A people must bo considered the very first resource in 
any undertaking into industrialization. The structure of 
business and of government, the financial and political 
situation, and willingness or ability to carry forth pro¬ 
grammes of development are the foundations of plans 
and statistics. 

The importance of metal production and consump¬ 
tion to the attainment of high levels of living was 
examined. Howard A. Meyerhoff of the United 
States pointed out that: 

The rapid increase in the volume of metal production 
since 1914 has tempted experts to correlate metallic out¬ 
put and living standards. Upon analysis it is found 
that the correlation factor is low if based on production, 
and only moderately higher if based on consumption. 
Diving standards depend upon productivity, which is a 
function of integrated regional economies. The natural 
or geographic regions that comprise the earth's economic 
units are unrelated to political boundaries, and integra¬ 
tion is seriously impaired by artificial restrictions im¬ 
posed by nationalistic interests. The expanding geogra¬ 
phy of metal supply demonstrates the international, 
rather than national, character of the world's economy; 
and if the production, processing, and utilisation of 
metals are to make their proper contribution to improve¬ 
ments in living standards, there must be regulated but 
unrestricted exploration, exploitation, and movement of 
all essential raw materials and of the manufactured 
goods that foster higher productivity and create ex¬ 
change. 

It was found by comparison that there was wide 
variation between the levels of living attained by 
workers engaged in similar aspects of metal produc¬ 
tion in different regions of the world. Of the noun- 
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tries whose economies are based almost wholly on 
agriculture, not all can be characterized by a low 
standard of living. A high standard of living is 
dependent upon productivity rather than the presence 
of particular resources or combinations of resources 
in a political subdivision of the world. 

The caloric content of a population’s diet wus 
thought to be a more realistic measure of the level 
of living than the per capita consumption of metals. 
Consequently, it appeared that present trends in some 
countries to develop a “well-rounded” economy by in¬ 
sisting upon developing mineral industries without 
adequate mineral resources were unsound. Propo¬ 
nents of industrial production have failed sometimes 
to understand thut it is high productivity and not 
necessarily diversification of industries that creates 
the basis for high levels of living. 

United States Secretary of the Interior J. A. Krug 
called attention to the fact that: 

. . . the peoples of the world want help in turning their 
best dreams into reality. There is demand everywhere 
for a fair chance to share in the opportunities which 
the world's scientists have opened up. Peoplo in the 
remotest hills and deserts have glimpsed the possibility 
of shifting some of their century-old, backbreaking labor 
over to machines ami they are formulating the goals 
of a higher standard of living, of better education for 
their children, of a life that contains some leisure, 
pleasure, and promise. 

None of us should underrate the force of this groat 
popular longing. Tt is one of the major facts of this 
century. It crosses national boundaries^ It pervades 
groups iii all communities. It is dynamic. Tt pushes 
organizations and governments into action. 

The techniques discussed, if applied to the prob¬ 
lems of populations of underdeveloped countries, 
would greatly increase the level of economic activities 
which would support higher levels of living. How¬ 
ever, the obstacles to the application of a particular 
technique in these circumstances were considered to 
be very great indeed. For example, a very high per¬ 
cent of the total population in many underdeveloped 
countries is engaged in what is known as “subsistence 
agriculture*” This population is made up of families 
which produce their own food, clothing, and shelter 
but which either have no surplus for sole or have a 
surplus for which no markets are available because 
of lack of transportation or other reasons. In many 
eases such families are not producing enough food for 
themselves. With commercial fertilizers they could 
produce more food but even if they were able to pro¬ 
files more than they needed it could not be sold until 
marketing facilities were developed. Consequently, 
ttuwe families would have no mpney to pay for the 
increased fertiliser. 


The scientists struggled with the problem of break¬ 
ing into this vicious circle and were unable to find any 
solution that could be readily applied. But they did 
throw a great deal of light upon the nature of the 
problem. In most cases the amount of arable land 
per family is too small to yield surpluses to pay for 
fertilizer and other requirements for increased pro¬ 
ductivity and higher levels of living. Poor health, 
caused by malnutrition, improper sanitation, and other 
dangerous hygienic conditions, results in lack of 
energy—another segment of a vicious circle. 

Experts at the conference who have worked in 
widely dispersed areas of the world firmly believe 
that the application of scientific techniques to primi¬ 
tive conditions can benefit not only the populations 
concerned but the whole world economy. However, 
they also agree that scientific techniques must be 
adapted to meet the physical conditions in a par¬ 
ticular locality and must be presented to the popu¬ 
lations concerned in such a way that the techniques 
will not only be understood but will be accepted. It 
was repeatedly said that a beginning must be made 
where the people are. 

A representative from Israel, in commenting upon 
the prevalence of illiteracy throughout populations of 
the world, suggested that the beginning of the ap¬ 
plication of scientific techniques had to be made in 
teaching the populations to read and write. The 
transmission of new ideas is almost impossible, or at 
least greatly impeded, if the recipients of valuable 
information arc unable to read or write. In making 
this statement, this conference participant was saying 
the same thing that others had said in different words 
—that the hope for the conservation and wise use of 
the world’s resources is dependent upon the rapidity 
with which educational opportunities are extended 
throughout the world. 

To some attending the conference it seemed sur¬ 
prising that scientists who would come to the confer¬ 
ence to discuss purely technical subjects dealing with 
physical resources were interested in the discussions 
that dealt largely with the education of illiterate 
people. But as the discussions proceeded it became 
clear that ignorance was resulting in permanent loss 
of world resources, was retarding the demands for 
industrial products, and was preventing the develop¬ 
ment of a skilled labor force, which is essential to 
industrial production. It was clear that the rivers 
can be harnessed to produce power for industry. But 
unless there is available a skilled labor force to com¬ 
bine the power thus produced with the raw materials 
of the area, the production of the power is not eco¬ 
nomical. Further, if needed products are produced 
but cannot be marketed because the population lacks 
buying power their production is unprofitable. 
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In addition to defining some of the common denomi¬ 
nators of economic development many corollary bene¬ 
fits were derived from the conference. The world's 
leaders in resource development became better ao^ 
qua in ted. Frank and open discussion was possible. 
Time was not wasted in quibbling over words but was 
put to UBe in weighing ideas. The proceedings of the 
conference, to be published in a number of languages, 
will become a lasting source of technical information 


and practical ideas for applying scientific techniques 
toward world-wide resource conservation and use. 

Although this conference was called long before 
President Truman’s inaugural address, in which he 
proposed “a bold new program” for the development 
of the world’s resources, especially in underdeveloped 
countries, it came at a particularly advantageous time 
—when the nations of the world are considering how 
to carry out such a program. 


Age Determinations by Radiocarbon Content: 
Checks with Samples of Known Age 

J. R. Arnold and W. F. Libby 

Institute for Nuclear Studies, University of Chicago , Chicago , Illinois 


F URTHER TESTS of the radiocarbon method 
of age determination (IS, 6, 8 f 10) for archae¬ 
ological and geological samples have been com¬ 
pleted. All the samples used were wood dated 
quite accurately by accepted methods. The measure¬ 
ment technique consisted in the combustion of about 1 
ounce of wood, the collection of the carbon dioxide, 
its reduction to elementary carbon with hot mag¬ 
nesium metal, and the measurement of 8 grams of 
this carbon spread uniformly over the 400-square - 
centimeter surface of the sample cylinder in a screen 
wall counter ( 7 } 9 ). The background count was re¬ 
duced during the latter part of the work to 7.5 counts 
per minute (cpm), which is some 2 percent of the 
unshielded background, by the use of 4 inches of 
iron inside 2 inches of lead shielding, plus 11 anti- 
coincidence counters 2 inches in diameter and 18 
inches long, placed symmetrically around the working 
screen wall counter infj.de the shielding. The screen 
wall counter had a sensitive portion 8 inches in length, 
so the long anticoincidence shielding counters afforded 
considerable protection on the ends. No end counters 
were used. The data obtained are presented in Table 
1 and Fig. 1. 

The youngest sample used was furnished by Terah 
L. Smiley, of the University of Arizona Laboratory^ 
of Tree-Ring Research. It was a sample of Douglas 
fir excavated by Morris in the Red Rock Valley in 
1931, the exact location being Room 6 of the Broken 
Flute Cave. The inner mg date is 530 A.D. and the 
cutting date is 623 A.D. 

The next sample was furnished by John Wilson, of 
the Oriental Institute at the University of Chicago, 
and was a piece of wood from a muramiform coffin 


TABLE 1 

AOB DhTKKM I NATIONS ON SAMPLER OK KNOWN AOU 


Sample 


Specific activity 
(opm/g of carbon) 


Found 


Ex¬ 

pected 


Age (yearn) 

Found Expected 


Tree King 11J0 + 0.31 
11.52 + 0.35 
11.84 ±0.25 
10.15 + 0,44 
11.08 + 0.31 
Average: 
10.90 +0.15 

10,65 

1100 + 150 

1372± 50 
(577 + 50 A.I>.) 

Ptolemy 9.5 + 0.40 

9.07 

2300 + 450 

2149± 100 
(200 ±150 B.C.) 

Tayinat 8.97 ±0.31 

9.08 ± 0.80 
9.08 ± 0.82 
Average: 
9.18+ 0.18 

9.10 

2600 ±160 

2624± 50 
(670+ 50 B.C.) 

Hedwood 8.81 ± 0.20 

8.50 ± 0.22 
Average : 
8.68 ±0.17 

8.78 

3005 ± 105 

2028± 02 
(970 ± 02 B.C.) 

HeaoatrU 7.78 ± 0.86 

8.21 ± 0,50 
Average; 
7.97*0,80 

7.90 

8700 ±400 

8792± 50 
(1848 + 50 B.C.) 

Zoeer: Sneferu 

Zoser 7.88 ± 0.74 

7.15 

4780 ±200 

4650 ± 75 

7.86 ±0.63 

Sneferu fl.95 ±0.40 
7.42 ±0.89 
6.26 ±0.41 
Average: 
7.04 ± 0.20 



<2700* 76 B.C.) 

4576* 76 
<2625* 75 B.C.) 
Average; 

4600 * 75 
(2650 ± 75 B.C) 
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SAMPLES OF KNOWN AGE 
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from Egypt, dated on stylistic grounds in the Ptole¬ 
maic period 332-30 B.C. It was measured quite early 
in our research, when the sensitivity of the instrument 
was somewhat less, and so the error is larger and only 
one measurement was made. 

The next sample was furnished by Robert Braid- 
wood, of the Oriental Institute, and consisted of two 
fragments of wood (Pinutt hahpensis) from the floor 
of a central room in a large hilani (palace) of the 
Syrp-IIifctitc period in northwestern Syria. Prof. 
Braidwood dated the material between 725 and 625 
B.C. from an imported Corinthian alabastron frag¬ 
ment, together with a great deal of historical evi¬ 
dence. This sample was measured with considerable 
care and with our most sensitive instrument. The 
agreement seems to be satisfactory. 

The redwood sample was furnished by Edmund 
Sehulrnan, of the Laboratory of Tree-Ring Research 
at the University of Arizona. It was a fragment of 
the inner part of a Sequoia gigantea tree felled in 
1874 A.D. It is known as the Centennial Stump and 
has been described by A. E. Douglass (4). The sam¬ 
ple furnished carried a sequence of rings from 1031 to 
928 B.C. 

The fifth sample was a piece of deck board from 
the funerary boat of the Egyptian Sesostris III, which 
is displayed in the Chicago Natural History Museum. 
The wood probably is cedar of Lebanon. The sample 
Was kindly furnished to us by the museum through 
the good offices of C. C. Gregg and Alex Spoehr. 
John Wilson dated the material os 1843 ±50 B.C. 

The last sample, really being two samples, Was 
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described, with measurements, in an earlier publica¬ 
tion ( 10 ). One of the two was from the tomb of 
Sneferu of Meydum (furnished by Froelich Rainey, 
of the University of Pennsylvania Museum in Phila¬ 
delphia), which was 4575 ±75 years old. The other 
was from the tomb of Zosrr at Sakkara (furnished by 
Ambrose Lansing, of the Metropolitan Museum in 
New York City), which was 4650 ± 75 years old. The 
former sample was cypress wood and the latter acacia. 
The dates were given by John Wilson, 

The agreement between prediction and observation 
is seen to be satisfactory. The errors quoted for the 
specific activity measurements arc; standard deviations 
as computed from the Poisson statistics of counting 
random events. One of the six average values, and 
seven of the 17 individual runs, differ by more than 
one standard deviation unit from the predicted value. 
Since in a long series of measurements 32 percent 
may be expected to fall outside this limit, we may con¬ 
clude that the statistical error is the major source of 
scatter. Thus the deviation in the Douglas fir tree¬ 
ring sample should not be considered significant. 

The errors quoted in the column “Age (years)” of 
Table 1 include also the uncertainties in the (relative) 
value of the present-day specific activity, and in the 
value of the half-life of C 14 . 

At intervals throughout the work, samples of an¬ 
thracite coal were measured and no significant radio¬ 
activity was ever found. This served as a check on 
possible sources of contamination in the course of the 
measurement, such as chemicals used in processing, 
and the necessary exposure to air during the handling 
of the material. 

These results indicate that the two basic assump¬ 
tions of the radiocarbon age determination method— 
namely, the constancy of the cosmic radiation inten¬ 
sity and the possibility of obtaining unaltered sam¬ 
ples—are probably justified for wood up to 4600 years. 
The fact that the most ancient samples agree with the 
predicted value shows that the cosmic ray intensity has 
been constant to withiii about 10 percent for periods 
up to 20,000 years ago. This refers to variations over 
intervals comparable with the half -life of radiocarbon, 
5720 + 47 years (5); it is obvious that shorter time 
variations would average out and would not affect the 
measurements. 

The Sequoia gigantea sample has an additional in¬ 
terest of its own in that the wood spent most of its 
time at the heart of a live tree, and if any chemical 
processes had occurred involving the inner heart wood 
the specific radioactivity would have !>eeu elevated 
above the value found. In other words, this check ap¬ 
parently shows that the redwood heartwood is truly 
dead and does Hot partake in any of the metabolic 
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processes of the tree. This finding is not surprising 
to most botanists. 

These results seem sufficiently encouraging to war¬ 
rant further investigation and application of the 
method. We have been assisted in this work from the 
beginning by a committee of the American Anthro¬ 
pological Association and the Geological Society of 
America, consisting of Frederick Johnson, chairman, 
Donald Collier, Richard Foster Flint, and Froelieh 
Rainey. This committee advised us what samples of 
known age to use for testing and greatly assisted us in 
procuring them. The attempt to establish the method 
for the great unknown periods of prehistory has in¬ 
volved further work with this committee and the ma¬ 
jority of our decisions and efforts to date on unknown 
samples have been directly connected with their ef¬ 
forts. It was decided that the proof of the method 
in periods older than 5000 years, for which there are 
no generally accepted dates for testing, would have to 
he obtained by checks of internal consistency from a 
wide variety of samples and in a wide variety of prob¬ 
lems. Eleven different major dating questions were 
selected for this purpose and prominent investigators 
in each case were invited to collaborate in the research. 
The problems selected were: Early Man, with Frank 
H. H. Roberts, Jr.; Califomia-Oregon, with Robert 
Heizer; Hopewell-Adena, with James Griffin; Man¬ 
kato, with Richard Foster Flint; Mesopotamia and 
Western Asia, with Robert Braidwood; Peru, with 
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Junius Bird; Scandinavia and Western Europe, with 
Hallam Movius; the Southeast, with William S. 
Webb; the Yukon, with Frederick Johnson; the Val¬ 
ley of Mexico and Tepcxpan Man, with Helmut do 
Terrafand Pollen Chronology, with Edward Deevey. 

It is hoped that investigators who have samples fit¬ 
ting into these general problems will write to the col- 
lalJRrators named, to the committee, or to the authors, 
so that the best materials available can be used for 
the research. The samples may consist of wood, char¬ 
coal, peat, cloth, fiesh, and possibly antler, teeth, and 
shell. Since ten grains of carbon/ is needed for a 
single measurement and at least two independent 
measurements should be made on each sample, some 
two ounces of wood or charcoal and correspondingly 
larger quantities of the other materials, according to 
their carbon content, are needed. In important cases, 
where only smaller amounts can be furnished, meas¬ 
urements can he made at some sacrifice of accuracy. 

The authors are extremely grateful to E. C. Ander¬ 
son, whose contributions to the development of the 
technique of measurement were very great. Also, 
thanks are due Robert Merrill and Richard Wolfgang 
for assisting in the measurements. The research has 
been and is now supported In large part by a grant 
from the Viking Fund, Inc., of New York City. It is 
hoped that during the next year a decisive test of the 
method for the prehistoric periods up to 20,000 years 
will be obtained through the investigations described. 
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TECHNICAL PAPERS 


An Inverse Decibel Log Frequency Method 
for Determination of the Transfer 
Functions of Psychobiological 
Systems 1 

George L. Kroezer 

Laboratory of Comparative Biomechanics , 

Department of Psychology, Washington University, 

St. Louis, Missouri 

Til previous papers, the writer lias proposed the concept 
of transfer function for representing psychological and 
biological Bystoms, in a manner analogous to its use for 
representing linear physical systems, such as servosystoms 
mid electrical networks (8, IS). It was pointed out that 
such transfer functions could, in principle, be derived 
on a purely empirical basis, in view of the fact that, a 
one-to-one correspondence exists between the transfer 
function of a linear system and its response to specific 
input functions. The present paper describes n method 
by moans of which the transfer functions of lumped con¬ 
stant linear systems can lie derived from experimentally 
determined frequency response curves. Although devel¬ 
oped primarily for use in deriving the transfer functions 
of the response systems of living organisms, it is appli¬ 
cable to any system that can be regarded to a first ap¬ 
proximation as a lumped constant linear system, without 
regard to the type of components of which it is made up, 
whether living or nonliving.* 

The method to be described rests on concepts and pro¬ 
cedures involved in the so-called decibel (db) log fre¬ 
quency method developed for analysis and synthesis of 
servosystems and analogous networks. This latter method 
is hereafter referred to os the direct db-log frequency 
method in contrast to the method to be described in the 
present paper, which we designate as an inverse db-log 
frequency method* 

As the names imply, the goals and procedures in the 
two methods are opposite to each other. In the direct 
method, an analytical transfer function, like that shown 
in equation (1), is given, and the problem is to plot tho 
gain and phase frequency response curves corresponding 
to this function. In tho inverse method a gain-frequency 
response curve (experiihentally determined) is given, and 
the problem is to derive the analytic transfer function 
represented by this curve.* This latter procedure is 

I The research program of which this study Is a part wug 
shied by a grant from the Penrose Fund of The American 
rhUosqphlcal Society. 

* A lumped constant linear system may be defined as one 
that cah be described by a linear differential equation with 
constant coefficients. 

II The method described here relates only to the gain-fre- 
frequejicy curve and not to the phase curve. In a minimum 
phase system, the phase carve can be derived from the gain 


equivalent to finding the differential equation represent¬ 
ing a system from the specification of the solutions of the 
equation for a particular set of input functions. 




30s +10 
2s 8 + 4.5 ?Ts 


(X) 


As a preliminary to the description of the inverse 
method, a number of the terms and procedures involved 
in the direct db-log frequency method should be clari¬ 
fied—-namely, transfer function, asymptotic frequency re¬ 
sponse curve, exact frequency response curve, and the 
db corrections which must be made for points in the 
asymptotic curve to derive the exact curve. For a fuller 
description of the direct method and discussion of these 
concepts, reference should be made to recently published 
expositions of servotheory (#, 8, 6, 7, 8). 

A key concept is that of transfer function. It is a 
mathematical function representing the properties of a 
given system. The standard way of deriving it is to 
write the differential equation of the system, convert it to 
operational form through the application of the Laplace 
transformation or an equivalent procedure, and then find, 
by elementary algebraic operations, the ratio of the output 
to the input functions (8). Examples, in factored form, 
and with nondimonsional parameters, are given in equa¬ 
tions (2) and (3). Equation (3) is derived from Equa¬ 
tion (2) by substituting jeo for the complex variable s. 
The transfer function, as given on the right-hand side 
of each of these equations, contains only the independent 
variable 9 (or ju >), and time constants such as T it T tf 
. . . Ti, . . . T n , representative of the components of the 
system and their organisation. The transfer function 
thus provides a compact representation of the system 
itself, and a means for predicting the response of tho 
system to any arbitrary input disturbance or stimulus 
(4,8). 


_iZj±±J>_„ 

*(»> »(T>+i) (i>+ij 

rum) • (j o>r,+i) _ 

x (M ~ +1) Ua>T, +1) 


( 2 ) 

(3) 


In plotting frequency response curves by means of the 
direct db-log frequency method, three steps are involved: 
formulation of the transfer function in factored form 


(equations 2 and 3), construction of an asymptotic db- 
log frequency curve made up of straight line segments, 
and construction of an exact db-log frequency curve on 
the basis of corrections made in the asymptotic curve.* 

In the factored form of the frequency transfer function 

curve (I). A number of alternative terms have been used In 
place of gain, such as amplitude and modulus. Thus the db- 
log frequency method has also been called the log modulus 
method (S>, A gain curve, measured In db units and 'with « 
change in sign, may also be referred to as a loss or Attenua¬ 
tion curve. 

♦The term frequency, as used In this paper, is taken to 
mean the angular frequency measured In radians per sec, 
It is equal to 2wf, where / is measured In cycles per sec. 
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(equation 3), factor of the following three types may 
occur; O’co), (j<d 2* + 1), and (jVZy + + 1), the 

last being a quadratic factor which equals the product 
of two single order factors with conjugate complex roots. 
Each of the various types of factor may appear in numer¬ 
ator or denominator and with integral exponents equal 
to or greater than one. There can be only one of the 
(ja>) terms present, but any number of the other two 
types of factor. The single order time-constant factors 
differ from each other only in the value of the time 
constant TV 

The straight line segments of which the asymptotic 
curve is composed all exhibit slopes of some multiple of 
6 db per octave. The points at which they intersect are 
referred to ns corner points or break points. There is 
one such corner point for each time-constant factor in the 
transfer function, the frequency coordinate of the comer 
point being equal to the inverse of the corresponding 
time-constant, c.g., 1/Tj, 1/T,, and so on. 

In one procedure for constructing the asymptotic fre¬ 
quency curve from the transfer function, one starts at 
the low frequency end with a line coincident with the 
0 db axis, and continues it until the first corner point, 
located nt cu equal to 1/T,, corresponding to the largest 
time constant. A second straight line segment is drawn 
from here to the next corner point, located at to equal to 
l/T Sj T fl being the next largest time constant, and so on. 
At each successive break, the following segment is drawn 
with a slope differing from the previous segment by 0a 
db per octave, where n is the exponent of the time-con¬ 
stant factor represented. The sign of the increment in 
slop© is negative for factors in the denominator and 
positive for factors in the numerator. If there is a 
(j(o) term in the transfer function, the initial straight 
line segment has a slppe of plus or minus 6m db per 
octave instead of 0 db per octave, where m equals the 
order or exponent of the (.no) factor; and the slope is 
negative if the factor is in the denominator. This asymp¬ 
totic plot is of great importance in connection with our 
present problem, since it places in evidence, at the vari¬ 
ous comer points, the values of the time constants which 
characterize a given transfer function. 

An additional set of relations that we shall need to 
utilize in our inverse method relates to the db corrections 
(e) that must be made at each comer point in the asymp¬ 
totic curve ih order to find the corresponding point on 
tli© ‘exact frequency curve. The total correction at any 
value of at equals the algebraic sum of 4fte corrections 
duo to each time-constant factor in the transfer function. 
The magnitude of the correction for each factor is given 
by equation (4). This quantity should be added to the 
asymptotic curve at any value of o> to obtain the corre-* 
sponding point on the exact curve. Its sign is negative 
for factors in the denominator and positive for factors 
in the numerator* The smaller the interval between <» 
and l/Tb on a logarithmic scale, the greater is the cor¬ 
rection required for the factor containing TV Hence, if 
a set of comer points are densely distributed on the log 
<a axis, the net correction at the various corner points 
will be correspondingly high. 


|e| =10 log lfl (m*jy+ l), for 0)^-5 1 (4) 

= 10 login + 1 j -20Ing„rf»2Vor cof* g 1 

We may now consider the inverse method. “Its design* 
and the justification for the various stops proposed rest 
on the following set of principles. The over-all asymp¬ 
totic curve of any transfer function is the algebraic sum 
of the asymptotic curves representing each of the com¬ 
ponent' factors in the transfer function, due to the fact 
that these curves are logarithmic plots (in db) of the 
factors tn the transfer function.® Similarly, the over-all 



Fiug. l f 2, and 3. 1—Relation of asymptotic (A) and ex¬ 

perimental (K) frequency curves corresponding to a transfer 
function with only real poles. 2—Relation of asymptotic and 
experimental frequency curves corresponding to a zero lying 
he tween two polos in frequency. (Locution of poles indicated 
by x, zeros by •,) 3—Procedure for finding approximate loca¬ 
tion of a second order corner point (B) from two single order 
corner points close together (A and C). 

exact db log frequency curve is the sum of the exact 
curves of each of the components. Hence the total or not 
correction representing the difference between the over-all 
exact curve and the over-all asymptotic curve will equal 
the sum of the correction curves for each of the com¬ 
ponents.* Our aim lias been, therefore, to find a way of 
determining the total correction curve (or appropriate 
points on it), and to subtract it from the experimentally 
obtained exact frequency curve. This procedure, if ac¬ 
curate, will lead to the asymptotic curve and thus reveal, 
by way of the corner points, the values of the time con¬ 
stants of the system. 

To illustrate the procedure in detail, let us consider the 
frequency response*curve that corresponds to a transfer 
function with only real poles. That Is to say, the factors 
of the transfer function are all assumed to lie iu the 
denominator, and there are no quadratics. The frequency 
response curve of this function will show a continually 

0 The asymptotic curve for nny single time-constant factor 
constats of only two straight lines, one asymptotic to the low 
« end and the other to the high * end of the exact curve. 
The term asymptotic is retained for the over-all curve ob¬ 
tained by taking the sum of the component curves, eveft 
though, In the over-all curve, only the drat and last segments 
are asymptotic to the over-all exact curve. 

"This correction curve le the same for all time-constant 
factors If the correction is taken as a function of« T*. where 
Ti Is any time constant. 
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increasing slope, as iu curve E of Fig, 1. Lot us sup¬ 
pose that this curve, plotted ui db-log on scales, has been 
experimentally determined, and our problem is to deter¬ 
mine the transfer function to which it corresponds, Such 
an experimental curve, equivalent to the “exact” curves 
of our previous discussion, is not made up of straight 
line segments and shows no directly perceptible features 
that identify the factors of the transfer function. If, 
however, we can derive from it the corresponding asymp^ 
totic curve, the corner points of the latter and the slopes 
of adjacent segments will provide us with the necessary 
information. 

The procedure proposed may be regarded as a graphi¬ 
cal method of successive approximation, carried out in 
a series of stages. As a preliminary step, the asymptotes 
are drawn to the low and high to ends of the curve, using 
straight lines with slopes that are some multiple of b db 
per octavo. At the low to end this is likely to be a line 
with a slope equal to zero or - 0 per octave. The first step 
of stage one consists in finding a trial set of corner points. 
As a basis, it is ussumed that the db correction (r) at each 
Corner point will be 3 db. This assumption represents a 
limiting condition, and is accurate only for a single time- 
constant factor or for transfer functions with widely 
separated corner points (e.g., at intervals greater than 
about 3 octaves). The assumption is useful, however, 
ns n starting point in the series of successive approxima¬ 
tions. 

To locate the corner points, a pair of dividers is set 
at the 3-db separation, and moved along the low fro- 
quency asymptote, toward the higher frequencies, until 
the point on this line is found which is 3 db distant, along 
an ordinate, from the experimental curve. This point is 
the first trial corner point. A second straight line is 
drawn from this point, with an increment in slope of 
- fl db per octave. The first point on this line that differs 
from the exact curve by 3 db gives the second corner 
point. The procedure is continued until one of the 
straight line segments intersects the high frequency 
asymptote, giving the final corner point. The total num¬ 
ber of corner points associated with the curve should be 
equal to or greater than the difference between the slopes 
of the final and initial asymptotes, measured in db per 
octave, and divided by 6. (In a frequency curve with in¬ 
flections, there are an additional mimlwr of corners equal 
at least to number of inflections.) It is frequently more 
effective, in locating the comer points, to work alternately 
from the low and high c* ends until an intersection of 
straight line segments occurs in about the middle of the 
frequency range. 

This initial set of corner points provides an approxi¬ 
mation to the density of the correct distribution of corner 
points. This initial set can now be used as a basis for 
obtaining a more accurate estimate of the db correction 
at each of the comers, This computation is carried out 
in the standard way described for the direct db-log fre¬ 
quency method, and indicated above (£, 7, 8). A table 
giving corrections for various Values of <o/l/T or 
can be used to accelerate the process. 

The aeeond stage of the approximation can now be 


carried out in a manner similar to that described. A sec¬ 
ond set of trial corner points is determined by using as 
db corrections (in the locating of successive corners) the 
values just computed instead of the initially assumed 3-db 
values. This new distribution of corner points is then 
used in the calculation of a second set of correction val¬ 
ues. The procedure can be repeated until the shifts in 
location of the corner points with each new stage becomes 
less than some previously established criterion. A more 
basic test can be made by using the direct motbod to plot 
an exact “theoretical” curve from the final set of corner 
points, and comparing this theoretical curve with the ex¬ 
perimentally given curve. If the agreement between the 
two is not considered satisfactory, the inverse process of 
successive approximation can be carried further. 

The procedure described was adapted to a frequency 
curve with a progressively increasing slope up to the 
final asymptote. The result will be a transfer function 
containing only single order factors in the denominator. 
Some adjustment in procedure is needed for curves that 
may differ from this pattern. These modifications can bo 
described briefly by reference to the factors in the trans¬ 
fer function to which they correspond. 

In considering the significance of factors in the nu¬ 
merator of transfer functions, the following terms used 
iu complex function theory will be found convenient. 
The zeros of a function are the roots of the factors in the 
numerator; the poles are the roots of factors in the de¬ 
nominator. A transfer function with a zero intermediate 
in frequency between that of two poles will be represented 
by n frequency diagram such as that of Fig. 2. Corre¬ 
sponding to n zero represented at oo equal to }/l\ there 
is a reversal in the sign of the increment in slope of 
the following segment; corresponding to a pole at (o 
equal to 1/T„ there hi another reversal in the sign of the 
slope increment. At frequencies just below those at 
which these reversals in sign take place, we note that the 
exact curve intersects the asymptotic curve. This rela¬ 
tionship suggests the following rule for incorporation in 
the inverse method. Whenever a given segment of the 
trial asymptotic curve crosses the experimental curve, the 
following segment should bo drawn with a reversal in 
the sign of the slope increment of fi db per octave. The 
effect of the rule is to keep the asymptotic curve from 
deviating too far from the experimental curve. 

The possibility of higher order factors is most easily 
handled by regarding each such factor as equivalent to 
a product of the appropriate number of single order fac¬ 
tors. The presence of such higher order factors will 
therefore tend to give rise, in the inverse method, to the 
determination of corner points very close together. If 
this situation occurs, one may try the effect of substitut¬ 
ing a second order or double corner point, as at B, for 
two single order comer points, as at A and 0 of Fig. 3. 
The manner of locating B by extending the previously 
found straight line segments until they Intersect at B 
is indicated by the figure. The substitution of B for A 
and C eliminates segment AC as part of the asymptotic 
curve and implies a second-degree factor in the transfer 
function in place of two single-degree factors. The final 
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test of whether the substitution is desirable will be the 
agreement obtained between the original experimental 
frequency curve and the theoretical frequency curve cor* 
responding to a given set of corner points. 

Finally, a word must be added concerning the proce¬ 
dure necessary for handling possible quadratic factors in 
the transfer function. A fuller discussion of means for 
experimentally detecting such factors in the experimental 
system is reserved for a later paper. One possible ap¬ 
proach may be indicated. The presence of a quadratic 
factor can be detected by observing or recording the 
transient response of a given system to a step function. 
Quadratic factors, corresponding to conjugate complex 
roots, reveal themselves in the transient by damped os¬ 
cillations. If these can be measured with sufficient ac- 
curacy, the damping ratio and the time constant u 
can bo identified (2, 7, 8). The specific db-log frequency 
curve corresponding to a quadratic with the given 5 and 
T q can then be'determined by computation, or taken from 
a chart of nondimensional quadratic frequency curves 
(7). The total curve corresponding to the quadratic can 
then be subtracted graphically from the over-all frequency 
response curve, leaving a residual curve devoid of the in¬ 
fluence of quadratic factors. The inverse method de¬ 
scribed above may then bo applied. 7 

Once the asymptotic curve has been determined, the 
process of writing the corresponding transfer function 
is relatively simple. The frequencies of the various cor¬ 
ner points aro written along the oo axis in the form 1/Ty. 
One now proceeds from the low frequency end of the 
graph, writing down factors to correspond to successive 
segments. An initial segment at a slope of 6 to db per 
octave implies a (jm) factor with an exponent oqual to 
w. It is located in the denominator if the slope is nega¬ 
tive and in the numerator if it is positive. A time con¬ 
stant factor O'aiTfc + l)* is written for each successive 
comer point, with the appropriate value of T inserted in 
the factor. The degree of the factor equals n, where the 
increment in slope of the segment following the corner 
point is 6n db per octave. If the increment in slope is 
negative, the factor goes into the denominator; if posi¬ 
tive it goes into the numerator. In case a quadratic 
wave-form has been initially subtracted from any part 
of the experimental frequency curve, n corresponding 
factor, + + 1), is inserted in the transfer 

function, with numerical values for T q and %. A func¬ 
tion constructed in the manner described represents the 
frequency-dependent part of the total transfer function, 
and may be designated as the function G(j<a), in the ter¬ 
minology of servotheory. It can be converted into the 
more general function 0(«) by substituting the complex 
variable a for ,7<o in nil factors of the transfer function 
(4, 4, 8). 

T A .general estimate of the accuracy attainable with the 
Inverse method, for all types of experimental frequency 
curves, is hut as yet available. For the frequency curves 
with which It has been triad thus far, curves corresponding 
to transfer functions with four or five poles and Keros, It 
was found possible to determine correctly the number and 
location of factors, in numerator or denominator, and the 
frequency coordinate of the comer points, with errors of the 
order of 19% after three or four stages of approximation. 


The magnitude of the constant gain coefficient K can 
be determined by inspection of the initial (low oj) seg¬ 
ment of the asymptotic curve (7, 8 ), Its height above* 
the zoro db axis (given in db units, and converted into 
units of gain), at to equal to one, gives the value of IT. 
The Anal transfer function, KG(s), thus derived from 
the experimentally given frequency curve, will be in fac¬ 
tored, nondimensional form. From this form it can be 
readily converted to non factored form by multiplying 
out the various factors; and can then be reformulated 
as a differential equation (8, p. 238). In cither form, 
it can serve as a compact representation of the system^ 
and as a basis for predicting its response to any arbi¬ 
trary disturbance. J 
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Some New Finds of Fossil Ganoids 
in the Virginia Triassic 1 

Francis M. Baer 2 and William H. Martin 8 
Leesburg Virginia 

Iu the course of an extensive study of the carbona¬ 
ceous and bituminous sediments of the Triassie basins 
in Virginia, a number of heretofore unrecorded fossil fish 
localities were discovered and investigated. 

In October 1942 Martin examined a fresh roadeut 
along State Route 55 near Thoroughfare Gap in Prince 
William County and discovered a heretofore unknown 
or unmapped extension of the nearest Triassic basin 
(I). Along the base of the cut the imprint of n ganoid 
about 6 in. long, including ■ most of the head and for¬ 
ward flns, was found in an exposure of very soft and 

1 The authors are Indebted to Pavia Lunkle and Frank I* 
Hew for their valuable assistance In preparing the manu¬ 
script for publication and to Edward Wagstaft for aid In 
field surveys, 

• Formerly with U. 8. National Bureau of Standards. 

8 Now with the 17, ft, National Bureau of Standards Field 
Service, Sterling, Virginia. 
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moist, finely laminated, buff siltstone. The site was 
again visited a year later, and a complete impression of 
Semionotus was obtained. The discovery was brought to 
the attention of I)r. David Dunkle, associate curator of 
the Division of Vertebrate Paleontology of the Smith- 
noniau Institution, who secured permission from the 
state government of Virginia to excavate the outcrop. A 
number of ganoids previously unknown to this area were 
discovered, some exhibiting important variations from 
species found elsewhere in the Newark System. 



Fit:. 1. 


On March 6, 1949, further investigation in this district 
by Edward Wagstaff revealed a small exposure of a 
highly fossiliferouH, dark-gray calcareous shale in the 
bed of Cotletts Branch, a small brook tributary to 
Broad Bun. The exposure lies roughly one-fourth of a 
mile northeast of the readout. The shale is carbon¬ 
aceous, very fissile, and considerably indurated. It 
yielded more distinct imprints and some well-preserved, 
more or less complete aggregates of scales, 11ns, and 
heads. Many of the components of the aggregates ap¬ 
pear to be in their original form and proper relationships. 
The scales are highly polished and jet-black, presenting 
a marked contrast to the lighter-colored shale. 

On July 4, 194fi, in a search for agate (5), the float 
along Licking Bun in Fauquier County was chocked over 
a considerable distance. About one-quarter of a mile 
west of a narrow diabase dike tt small fragment of 
dark, carbonaceous shftley limestone bearing jet-black, 
polished fish scales was found on a dry bar. On April 
24, 1040, two years after the abnormally hard freezing 
and high waters of the winter of 1946—47, many more 
shale fragments containing fish remains, including one 
wholtf fish, were found on the some bar. Black rhombic 
scales and other parts of various fishes in an excellent 
state of preservation were fossilised in a dark, very fissile 
shale similar to that of the Cotletts Branch exposure, 
but much less indurated and more friable. Inter¬ 
mingled fragments of a coarsely laminated semicrystal- 
line limestone also contained imprints. Some of the 
fossils were by far the best preserved of all fish found 
in the Potomac area up to this date. In the float, a 
large slab showed a nearly intact specimen of Redfleldius, 


about 0 in. long, with a beautiful mosaic of the scales 
and harder parts of the fins and head (Fig. 1). 

Dr. Dunkle was informed of the discovery and accom¬ 
panied Baer to Licking Bun on May 7, 1949. The out¬ 
crop proved to be a veritable mine of fossil ganoids. 



Flo, 2, Sketch map indicatlug Approximate locations of 
the exposed fosnillfcrouH kIijUpr. J —Exposure in roadcut 
near Antioch. 2—Siltstone exposure in roadcut on State 
Route 55. 3—Cottletts Branch. 4—Licking Run location, 

ff—-Broad Run location. (1—Mlllbrook Quarry. 7—Expos¬ 
ure in small stream near Mlllbrook Quarry. 8—Ohesluut 
Lick exposure. 0—-Exposure in excavation for bridge abut¬ 
ment. 5 ft below surface on V. 8. Route 15. 

NOTE : The U. S. National Museum has priority at the 
present time to remove material from the indicated fossil 
beds. Others must obtain permission to disturb the expo¬ 
sures. 

The run was practically at the same stage of flood as on 
April £4, 1949, but warm enough by this time to permit 
comfortable wading. An extensive exposure of the 
fossiliferous shales, entirely submerged in midstream, 
was easily quarried by hand. Some of the softer layers 
appeared to 1>e literally soaked with greasy bitumens, 
and in these the highest concentration of fossils wao 
found, including most of the best preserved specimens. 4 

♦ Nodular leosiform masses, 3-5 In. long, were occasionally 
observed la the semicry stall In e facies of the fossil beds. 
All specimens examined contained nuclei of nearly complete 
fossil fish. 
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About 30 pounds of fossiliferous slabs and fragments 
were selected and carried to the II. 8. National Museum. 
Specimens of Catopteridae and Ptyoholepis were particu¬ 
larly abundant. One large and very interesting im¬ 
pression was later classified as Dipluru*. Small nodules, 
possibly coprolites of Triassic reptiles replaced by a 
phosphoric, carbonaceous material, were much in evi¬ 
dence (£). 

The following approximate measurements of the ex- 
]K)sures on Licking Bun were taken under water, be¬ 
ginning with typical Manassas sandstone and extending 
into Bull Run shale: 

8 ft—-Pink and yellow shale with a few sandstones, 

li ft—Compact shale, alternating with thinly laminated 
siltstqne. 

1 j ft —Dark, carbonaceous, very fissile shale. 

h ft—Bark, carbonaceous, coarsely bedded 
semicrystalline limestone. 

31 ft—Thinly laminated siltstonc and compact shale. 
10 ft—Buff shale and sandstone. 

.—Typical red shale and sandstone. 

This sequence is repeated with some variation in thick¬ 
ness at. an exposure on the south branch of the south 
fork of Broad Bun. However, in other exposures along 
a roadway near Antioch, along Chestnut Lick, in the 
Millbrook Quarry, in a small stream near by, and in the 
excavation for a bridge abutment along II, 8. Highway 
lfi at Catharpin Bun (Fig. 2), the basal sedimentary 
Strata are concealed and the carbonaceous fossil beds 
have greater thicknesses (5 ft. or more), grading upward 
into the typical red shale and sandstone. In the Mill* 
brook Quarry, where considerable core drilling has been 
done, the dark shales grade downward into a dark, 
orkosic conglomerate having a known thickness of 180 ft. 
The two easternmost exposures on Licking Bun and on 
Broad Run indicate a thinning-oufc of the dark shales, 
and farther eastward the chances of encountering the 
fossil beds seem small. 

Wherever scales occur in situ, it is probable that more 
or less complete preservations of fish exist near by. 
Therefore, it seems safe to assume that fossil fish may 
be found in a belt at least 18 miles long and approxi¬ 
mately 2i miles wide near the western Triassic border 
adjacent to the Bull Run Mountains, where scales are 
found in numerous exposures at well-spaced intervals. 
The discoveries outlined in this paper, not to mention 
tho additional collecting possibilities in the entire fossil- 
iferous belt, are significant if only because no ganoid 
fossils other than isolated scales have, to the knowledge 
of the authors, been recorded heretofore from the Tri- 
assic basins of northern Virginia. Furthermore, the 
character of the occurrence in siltstone near Thorough¬ 
fare Gap appears to be unique in the history of the 
Newark System. 
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Colchicine Poisoning in Relation to 
Hemerocallis and Some Other Plants 

i 

Hamilton P. Trsub 

Division of Fruit and Vegetable Crops and Diteaset, 

Bureau of Plant industry, Soils, and Agricultural 
Engineering, Agricultural Research Administration, 

U . S. Department of Agriculture, Beltsvilie, Maryland 

Col chum til species contain appreciable amounts of col¬ 
chicine (4, o). According to Blakesleo (X) and Levan 
( S ), Colchicum species they tested were not subject t» 
colchicine poisoning under the conditions of their ex* 
perimtmts, I 

On the basis of these reports, it would seem logical 
to assume that plants, other than Colchicum species, 
which also contain appreciable amounts of colchicine, 
might likewise be immune to colchicine poisoning, How- 
evor, this hypothesis apparently has not as yet been 
tested. According to* Klein and Pollauf (#),.the pres¬ 
ence of colchicine in Hemerocallis fulva L. has been 
demonstrated microchemically; but extensive experiments 
by the present writer have shown that Hemerocallis 
species, including H. fulva L., and various hybrid clones 
tested, are very sensitive to colchicine, and concentrations 
in aqueous solution in the range from 0.025% to 0.1%, 
tested with appropriate application techniques, proved to 
be quite effective in inducing polyploidy. Concentra¬ 
tions much above 0.1% usually led to the eventual death 
of the treated plants. 

A number of colchicine-induced Hemerocallis poly¬ 
ploids hare flowered. Their polyploid nature was es¬ 
tablished on the basis of chromosome counts, and pollen 
grain and stomate size. One polyploid, Tetra Starzyn- 
ski, n-22, a tetrnploid of the clone Mayor Starzynski, 
n- U, has boen named. Its flowers are larger and finer- 
colored than those of the diploid form. This removes all 
doubt about tho effectiveness of this compound as a 
mutagen in this genus. The object of the present note 
is not to elaborate here on these results, which will be 
reported in detail elsewhere, but rather to consider very 
briefly their implication, particularly with reference to 
the validity of the microchemical method used for de¬ 
termining colchicine. 

Klein k Pollauf (£) used a microchemical procedure 
for the determination of colchicine in Hemerocallis fulva 
L, In view of the marked sensitivity to this compound 
of Hemerocallis species, including H . fulva L. and hybrid 
clones, their results require verification. If their report 
can be verified, then it would appear, in this instance at 
least, that plants which contain relatively s&aller 
amounts of colchicine could be affected by the application 
of relatively largeT amounts of the compound. It is also 
desirable to check the repotted colchicine content of 
species in other genera. In this connection, it is Of inter* 
est to note that Cloriosa rothschUdiana O'Brien (a plant 
closely related to <?. superha L., which is reported to 
contain colchicine) is subject to colchicine poisoning in 
the range tested, 0;O6%-^j% 
larly in the case of small seedling tubers; 
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Preparation of a Radioactive 
Oxazine Dye 1 

Henry A. Sloviter 

Harrison Department of Surgical Research, 

School of Medicine, University of Pennsylvania and 
the Department of Neurosurgery, Hospital of the 
University of Pennsylvania, Philadelphia 

The discovery (a?) that the oxazine dye Nile blue A 
stains and Tetards the growth of malign ant tumors in 
mice stimulated the investigation of related compounds. 
Of the oxazine dyes tested on mouse tumors (t), the 
one known as Nile blue 2B, Colour Index No. 9M (5), 
showed the greatest affinity for tumor tissue. The 
halogen derivatives of Nile blue 2B have been prepared 
(8) with the intent of using one of thorn as a “carrier” 
of radioactivity to the tumor tissue when radioactive 
halogen is present in the molecule. It is the purpose of 
the present paper to describe the preparation of the radio¬ 
active iodine derivative of Nile blue 2B. 

The synthesis of this radioiodo dyo was carried out 
(without isolation of intermediate compounds) by the 
following series of reactions: 


small quantity of sodium sulfite was added to reduce any 
iodine. The mixture was kept in an ice bath for 30 min, 
then at room temperature for 1 hr, and then heated gently 
on a steam bath for I hr. The resulting mixture wag 
then steam’distilled until 250 ml of distillate was ob¬ 
tained. The distillate was made decidedly alkaline with 
sodium hydroxide solution, ft small amount of sodium sul¬ 
fite was added to it, and then it was extracted with 150 
ml of carbon tetrachloride. 

This solution of p-radioiodo toluene in carbon tetra¬ 
chloride was washed three times with water and then 
evaporated to a volume of about 50 ml. To this solution 
was added 1.55 ml of bromine in 25 ml of carbon tetra¬ 
chloride, and the reaction flask was attached to an effi¬ 
cient all-glass reflux condenser. The flask was illumi¬ 
nated by two 200-w clear Mazda lamps, and heated lit 
gentle reflux for 3 hr, at which time the evolution of 
hydrogen bromide had ceased. The mixttire was theu 
cooled to room temperature and 5 g of potassium iodide 
in 25 ml of water was added. Sodium thiosulfate solu¬ 
tion (approx. N/MS) was then added till all iodine was 
reduced. The carbon tetrachloride layer was separated 
and washed with water. The carbon tetrachloride was 
distilled off on a steam bath. 

The resulting p-radioiodobtmzyl bromide was dissolved 
in 50 ml of ethauol nud to this was added a solution of 
12 g of u-naphthylamine in 50 ml of ethanol. The mix¬ 
ture was heated in a water bath under reflux condenser 
for 2 hr. The ethanol was distilled off and the residue 
extracted three times with 100-ml portions of 1: 50 hydro¬ 
chloric acid to remove excess a-naphthylamine. 

The resulting N« ( p- radioiodohenxyl) -*a-naph thy lamina 
(containing a small quantity of a-naphthylaroine) was 
dissolved in 75 ml of ethanol and 9 ml of concentrated 





p-toluidine 



p-radioiodo toluene p-mdioiodohenzylbromide 



a-naphthylamino 








f»-(p-rftrtioiodobe;izylamino)-9- 
d bthylu mi nabenzo [a] pheuoxazims 


A solution of 8,& g of p-toluidine in 35 ml of water 
And 8,fi ml of concentrated sulfuric acid Was carefully 
diaantised at 5° C with 2.1 g of sodium nitrite iu 20 ml 
of water, To 184 me of carrier-free t mt iu 15 ml of 
Wafer, was added 5 g of potassium iodide and this solu¬ 
tion was slowly added to the cold dinzotixed solution. A 

1 Aided la part hy a grant to Dr. Margaret H. bawls from 
the .Rational Cancer Institute. . 


hydrochloric acid. To this was added a solution of 10 g 
of 2-mtroso-5-diethylaminophenol in 25 ml of ethanol. 
The mixture w«S gently boiled under reflux condenser for 
3 hr and then allowed to stand overnight. After cooling 
in an ice bath for 1 hr, the product was filtered and 
washed with cold ethanol and then with ether. The 
weight of product obtained was 8 g. 

Radioactivity of the dyo was measured, using a thick- 
Whtdow, cyUndiici^, gamma-ray Cleiger-Miillcr tube, An 
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accurately weighed sample of the dye was dissolved in 
ethanol (about 0.1 g per 100 ml) and a 0,50-ml aliquot 
was placed on a 1-in. square of filter paper. As soon as 
the ethanol had evaporated, the paper square was placed 
between gummed paper labels. This was placed in direct 
contact with the Geiger*Muller tube with a tight rubber 
band. The Geiger-Muller tube was calibrated by count¬ 
ing in identical fashion au aliquot of the original I 131 
solution which had been assayed at the Oak Ridge Na¬ 
tional Laboratory. The activity of the dye, measured in 
this manner, was 0.55 mc/g. a 

This radioactive dye has been administered to tumor¬ 
bearing experimental animals and to a small number of 
hpinan subjects. KesuJts appear elsewhere (4). 
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Occurrence and Life Histories of 
Commercial Shrimp 

Martin D. Bur ken road 1 
Institute of Marine Science t 
University of Texas , Austin 

Grooved shrimp (Penaeus, Division II) are unusually 
prominent in the North Carolina catch. Study of the 
species hue been impeded not only by lack of means to 
distinguish them from each other before adolescence (or 
to distinguish their eggs and larvae from those of the 
ungrooved P. Hetiferuu, with which it seems possible that 
Pearson (8) has confused them), but by lack of means 
for rapid field identification of adults. A simple diag¬ 
nostic test for the commercial sizes of the two grooved 
species common in continental North America is that 
PritaeuB duorarum Burkenroad, the spotted shrimp, bears 
a reddish brown midlateral patch at the juncture of third 
with fourth pleonic segment. This pigmented spot, first 
called to my attention by Captain O. Purifoy, is larger 
and denser than the one at the midlateral hingos that 
lock the other pleonic somites together, or the one at the 
equivalent site in P« aateciu! Ives, the brown shrimp. 
Field confirmation of the rapid diagnosis is seen in the 
difference between the common North American forms of 
these two species in width of groove alongside the mid¬ 
dorsal carina of sixth pleonic segment (I). 

No special fishery for spotted shrimp has previously* 
been described. A 10-year-old one in the shallow 
Straits between Core Bound and Beaufort Inlet, North 
Carolina, employs some seventy Channel nets, like board¬ 
less, long-winged otter trawls, which ate staked or an- 

1 Private laboratory : Eteoa, Bogue Sound Road, Newport, 
North Carolina. 

* Miss Ruth E. Brown assisted with the radioactivity 
mcasUTeinento. 


ohored in strong tide-currents during night ebb in May, 
June, and July. These stationary tide traps intercept 
shrimp swimming off the bottom (presumably migrating 
to sea). A catch of over a ton by one 75-ft net on 
one obb has been reported, but the annual production 
of the whole fishery is probably around 100 tons. The 
catch, especially prized for hardness, sometimes contains 
a proportion of brown shrimp but is chiefly immature 
P. ^uofiarum. Since grooved shrimp in the North Caro¬ 
lina commercial trawl catch are mostly P. osteows, the 
tide traps evidently select the spotted species from an in¬ 
shore and inside groovod shrimp population which is as a 
whole preponderantly of brown shrimp. There is ovi* 
dence, however, that young spotted; shrimp are in the 
majority on the shallowest bottoms of the saltier sounds. 

During tho last decade, the proportion of grooved 
shrimp in the annual North Carolina catch has probably 
fluctuated between a third and a half. Brown shrimp 
have always been prominent in the catch of Carteret 
County, but testimony from fishermen suggests that 
since 1936 these shrimp have become absolutely, as well 
as relatively, more abundant not only, there but on the 
grounds farther south around Cape Fear, which before 
1936 supplied a larger share of the state's catch, includ¬ 
ing a higher proportion of the gray shrimp, P. setiferus . 
Since there are indications of unusual abundance of P. 
aetecus during the same period along its whole Atlantic 
Coast range, it seems possible that the population of 
this species has undergone a recent increase. Such au 
increase may have contributed to the development since 
1936 of an extensive new fishery in Pamlico Sound. 
This, the most northern American market fishery for 
peneid shrimp, sometimes supplies more than a third of 
North Carolina’s production, chiefly from a summer run 
of relatively large brown shrimp. 

Brown shrimp in North Carolina shoul-water catches 
are often nearer maturity than is usual along the more 
brackish shores of Louisiana, but tho spawning grounds 
of the North Carolina population have not yet been 
found. Sporadic offshore catches of jumbo shrimp by 
winter fish trawlers in th© Hatteras-Lookout aTea rtg 
chiefly of gray and of spotted shrimp; and a reliable 
and widely experienced North Carolina fleet owner, Mr. 
L. Hardee, who has encountered the abundant, though 
scattered, orange-colored, yellow-rood breeding popula¬ 
tion of P. Mtecw present off Louisiana in 15-70 fath¬ 
oms the year round (1), does not know of a North 
Carolina equivalent. 

Although this apparent scarcity of adult brown shrimp 
off North Carolina may simply reflect the inadequacy 
of exploration, it is not necessarily inconsistent with the 
high density of the state's inshore immature population. 
Half-grown brown shrimp appearing in New Jersey in 
midsummer arc evidently postlarval immigrants (I). It 
is therefore conceivable that North Carolina brown 
shrimp, in contract to the endemic spotted kind, chiefly 
originate farther south. 

It should be observed that, as long as the Atlantic 
habitat of mature brown shrimp remains unknown, the 
belief that there is no extensive Atlantic dcepvrater 
population of gray shrimp (4) cannot be regarded As 




December 23, 1949, Vol. 110 


SCIENCE 


689 


unquestionable. There is also some basis for questioning 
the related belief (£) that P, setiferue normally dies 
after only one or two spawnings, and without surviving 
a second winter; since the gray shrimp, like the brown, 
continues to molt after beginning to spawn; and since a 
large proportion of adult females, including many nearly 
rea(Jy to spawn again, already show traces of previous 
spawning in early spring. 

King’s suggestion (£) that nature has failed to make 
“proper provision for the egress’* of the eggs of P. 
setiferus, evidently results from failure to detect ripe 
eggs left behind in the spawned ovary except when re¬ 
tention was abnormally great. Normally, there is only 
a sparse scattering of leftover ripe eggs (1). For ex¬ 
ample, among a sample of 67 unripe and ripening hard- 
shelled North Carolina May adults, moat or all of, which 
had spawned previously, such eggs could be detected in 26 
by teasing 0.1 ml ovarian samples. The average number 
of leftover eggs per positive sample was leas than two, 
and the maximum ten. 

Remains of spermatophores attached to female gray 
shrimp offer a second clue to previous spawning. These 
remains are of two distinguishable types: glutinous 
remnants grading up to large fragments, and found only 
in some of the very ripe, which are evidently from recent 
sperm a toph ores accident ally torn away before spawning; 
hard traces, never conspicuous, and least frequently 
detectable in ripe individuals, which are evidently left 
after normal spermatophore dissolution at spawning. 
In a sample of 09 unripe and ripening hard-shelled fe¬ 
males from the same catch as and including the 67 
examined for leftover eggs, 82 bore recognizable sperma- 
tophoro traces. Since those lacking spermatophore 
traces bore leftover eggs in about the same percentage 
as did the whole sample, ftnd vice versa, it apjM^rs that 
even among those not displaying either indicator, most 
or all had spawned before. 

Among very ripe females of the same catch, minute 
spermatophore traces were detectable in .15 of 31 closely 
examined. The catch (trawled near shore at Cape Fear 
in late May, 1049, by Mr. Carter Broad of the Institute 
of Fisheries Research) included a total of some 130 
very ripe, 160 ripening, and 120 unripe adult females. 
None of this particular catch seemed newly mated or 
newly spawned. Seven, all unripe, were soft-shelled; of 
which three had leftover eggs. 

Xt will be seen that the previously misinterpreted dis¬ 
tribution of spermatophore traces among female gray 
shrimp from deepwater catches off Louisiana in March 
(I) suggests the presence of survivors of the preceding 
season’s spawning. 

Xiphopen&uo leroyeri (Heller), sometimes abundant in 
Louisiana and a prominent commercial shrimp of Brazil, 
has not been previously reported from North Carolina. 
Three ripe females of this species occurred with the 
catch from Cape Fear, just mentioned. 
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Periodate Oxidation in the Study of the 
Structure of Dextrans 

P. W. Kent 1 

Frick Chemical Laboratory, Princeton University, 
Princeton, Sew Jersey 

It was predicted by Brown et al . (I) that pyranoid 3-6 
polyglucosans (dextrans) should behave in a distinctive 
manner toward periodate ion by means of which dextrans 
may be distinguished from other polysaccharides. Oxi¬ 
dation with potassium w-periodate cannot be utilized for 
the determination of the mean chain length since each 
1 : 0-glu copy ran oso residue undergoes oxidation with the 
liberation of 1 mole of formic acid by virtue of the fact 
that each such residue possesses hydroxyl groups on throe 
contiguous carbon atoms. Thus, a “straight chain’* 
1: 6-polyglucose, provided that all the units are pyran- 
oso, will behave in a manner analogous to a methyl gluco- 
pyranosido far as the production of formic acid is con¬ 
cerned. It follows that the equivalent weight of such 
a dcxtrnn, i.e,, the weight of material yielding 1 mole of 
acid, will be numerically equal to the equivalent weight 
of a single glucose residue, viz., 362. 



However, any 1-6 glucose residue which is triply linked 
and thus constitutes a point of branching in the molecule, 
will not yield formic acid no matter whether the side 
chain be attached at C s> C s , or 0 4 . (This will also be true 
for any furanose units or residues linked other than 
1:6-). The presence of numbers of such points of 
branching will be manifest in an experimental value for 
the equivalent of a dextran greater than the calculated 
value. From the difference in these two values it should 
be possible to determine the ratio of branched residues 
to straight residues. 

A detailed study of the periodate oxidation technique 
has been carried out by pacsu et al (ft) in which the 
limits of accuracy for the determination of formic acid in 
the presence of comparatively large amounts of reducing 
substances have been defined, the best results being ob¬ 
tained by titrating potontiometrically to a given pH. 
In the case of the dextrans, the total amount of formic 
acid liberated is considerable (cf. oxidation of starch) 
and it is not until the end point is reached that inter¬ 
ference from other products of oxidation becomes sig¬ 
nificant; notwithstanding this, the total amount of acid 
can be determined with considerable accuracy. 

1 Rockefeller Foundation Fellow at Princeton University, 
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A Berios of studies were made upon the rate of oxida¬ 
tion, simultaneously and under identical conditions, of 
cemethyl glucoside, fl*methyl gentiobiaside, Leueonoatoa 
meeenteroide# dextran (7) and Lcuconontoc dextraniev/m 
dextrau (<?). In all cases the rate of reaction was almost 
identical and the equivalent for the first two substances 
agreed closely with the calculated value. L. mesenteroi - 
den dextran was found to have an equivalent of 204, i.e., 
1.25 x theory. Thus from 5 glucose units only four yield 
formic acid or, in other words, 1 unit in five is engaged 
in side branching. This evidence indicates a structure: 

•i 

[G represents a gludopyranose unit and the fluperscripts, 
the points of attachment] proposed by Fowlor et ah ( 4) 
on the basis of niethylation studies, by which it was 
shown that the molecule consists entirely of glucopyra- 
nose unite. I'he following partly methylated sugars were 
isolated: 2:3 dimethyl methyl glucoside, (one part 
22.6%), 2:3:4: trimethyl methyl glucoside (three 
parts 57.9%) and 2 : 3 : 4 : 6 : tetramethyl methyl glu- 
coside (one part 19,6%). 

On the constitution of the dextran from L. dextrani - 
raw, there has been some divergence of opinion 6) 
concerning the significance of the amounts of tetramethyl 
and dimethyl methyl giucosidcs obtained from the hydro¬ 
lysed methylated polysaccharide. Evans and Hibbert 
(£) suggested that the quantity of dimethyl sugar was 
excessive, due to incomplete niethylation of the mate¬ 
rial. Fairhead, Hunter, and Hibbert (5) identified in 
their hydrolysate, 2 : 3 : 4 : trimethyl methyl glucoside 
(four parts, 90%), and a dimethyl methyl glucoside (one 
part, about 10%). Peat, Behliicterer and Stacey (d) 
detected 0.23% of 2 : 3 : 4 : 6 : tetramethyl methyl glu¬ 
coside in their material in addition to 2 : 3 : 4 : trimethyl 
methyl glucoside (four parts, 90%) and 2:3: dimethyl 
methyl gUieoside (one part, about 10%). 

By periodate exidatiem, the equivalent of this deXtran 
was 137, i.e., 1.15 x the theoretical value. This would 
indicate that at least one glucose residue in eight is en¬ 
gaged in branched chain formation, and this is in 
accord with the structure II proposed from the methyl- 
atlon data. 

G° - W - J G B - W - 1 G n - W -'G < u -j 
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The Potentiating Effect of Glucose 
and Its Metabolic Products on 
Barbiturate Anesthesia 

Paul D. Lsmton, Msrgarst E. Greig, and 
B. Howard Robbins 

Department of Pharmacology, Vanderbilt University 
Scbtihl of Medicine, Nashville, Tennessee 

■if. 

In July 1944, we studied shock from hemorrhage, 
using a largo number of dogs, most of them anesthetized* 
with pentobarbital sodium (nombutpl) given intraven¬ 
ously early in the morning. The dogs were then bled and 
various procedures carried out on them during the (lay. 
Most of these dogs recovered slowly from the anesthetic 
in the evening. On one occasion, when we were about to 
inject glucose (10 ml of a solution of 50 g glucose dis¬ 
solved in 100 ml of. water) intravenously, the dog sud¬ 
denly came out of anesthesia. The animal' responded 
normally when spoken to and tried violently to get off 
the table. It was with difficulty that the intravenous 
injection of glucose was made. Instantly the dog re¬ 
laxed, going into deep sleep and complete anesthesia 
exactly as after an injection of a barbiturate. The 
result was so striking that when the dog again recovered 
suddenly, an hour later, a fresh glucose solution was in¬ 
jected. TIub produced the same effect, that is, immediate 
sleep and anesthesia which, however, lasted only 45 min. 
The dog then went through this cycle of sudden awaken* 
ing and then immediate sleep and anesthesia after an in¬ 
jection of glucose. The duration of sleep after each 
glucose injection was 1 hr, 45 min, 30 min, 20 min, 10 
min, and 5 min, respectively. Then further injection of 
glucose produced no sleep, the dog remaining awake and, 
if anything, hyper excitable. 

In several dogs similar results were seen, but others 
treated in the same way recovered slowly from the an¬ 
esthetic and did not go to sleep again after glucose was 
injected. 

This observation was reported to the Office of Scientific 
Research and Development Committee on Shock, but the 
work they had been supporting was discontinued and 
considerable time passed before it was taken up again. 

At first we associated this phenomenon with shock, or 
the extremely high temperatures which occurred in our 
dogs at this time, when the temperature of our laboratory 
was well Over 100® F. Later, in studying approximately 
100 dogs, shock and artificially produced high tempera¬ 
ture were eliminated as factors producing the reaction, 
and it was found that a small percentage of normal dugs 
given pentobarbital sodium or hexobarbital soluble (evi- 
pal) reacted to the subsequent Intravenous injection of 
glucose on awakening, as par shocked dogs did. An occa¬ 
sional dog reacted as strikingly as our first dog. Others 
reacted little or not at all to the injection of glucose. 
Because we were unable to reproduce this reaction at will, 
its study was greatly hindered. 

1 Funds for carrying on this wprfc were kindly supplied by 
the Mslllnckrodt Chemical Works. 




December 23, &49, Vob 110 


SCIENCE 


m 


Finally, in 1948, guinea pigs were tried, using hexo- 
barbital intraperitoneally as the anesthetic. On awaken¬ 
ing, the animals were given glucose, also intraperitoneally. 
Practically 100% of the guinea pigs responded with a 
return to sleep after awakening from hexobarbital, when 
1 ml of glucose solution was injected intraperitoneally. 
Rats do not behave in the same way; rabbits and ham¬ 
sters do, but with more delay in the onset of anesthesia 
after glucose. 

As yet we have not developed an accurate quantitative 
method for studying this reaction. Guinea pigs were given 
a dose of hexobarbital intraperitoneally, 0.20-0,25 ml of 
a 2% solution per 100 g of pig. They went to sleep in 
about 2 min and slept for about 40 min but varied con¬ 
siderably in time of awakening. When the pig was defi¬ 
nitely awake and responded to stimulation, but before it 
could run around, glucose, or whatever substance was be¬ 
ing studied, was givon intraperitonealty. The pig usually 
responded instantly or within 5 min, and went to sleep 
on its side. It would at first respond slightly to a pinch 
of the foot by squealing, but more violently if the back 
of the neck was pinched. After 5 min, there might be no 
reaction of any sort after pinching the foot or neck. In 
iilKHit 45 min, the pig woke up and often could bo put 
to sloop by a second dose of glucose. If too long a time 
passed before the second injection was made, there was 
no response. 

At present our best criterion of effect from the injec¬ 
tion of a given substance is the return to sleep and 
anesthesia after awakening from the hypnotic. The 
duration of sleep is too variable for quantitative work 
unless large numbers of animals are used. After hexo- 
barbital over .80 pigs have responded to the intraperi- 
toneal injection of 1 ml of 50% glucose and only a rare 
pig has failed to respond, although the degree of response 
varies. They have responded well to the injection of 5% 
glucose in doses of as much as 10 ml in a 500-g pig and 
ns little as 1.25 ml or approximately 12 mg/100 g of pig. 
The injection of glucose alone causes no sleep or anes¬ 
thesia. 

That this is not an osmotic effect is shown by tho fact 
that solutions of sucrose, as well as of sodium chloride of 
the same tonicity, do not produce such an effect. We 
have obtained this reaction to glucose after hexobarbital, 
narconumal, seeonal sodium, and pentothal sodium; but 
have obtained no such .reaction to glucose after ether, 
chloral, or ehloralose. We have found that intermediary 
products of glucose metabolism such as hexosc diphos¬ 
phate, lactate, pyruvate, succinate, and fumarate, as well 
as maionate, and the water extract of both brewer's and 


baker's yeast produce the same effect, some more strongly 
than glucose. Sucrose, as already Stated, produces no 
such effect; arabinose only a slight effect; and galactose 
and lcvulose a definite effect, but less than glucose. 

To observe this reaction, inject a guinea pig intra- 
peritoneally with a 2% solution of hexobarbital soluble 
(0.25 ml/100 g of pig). This will cause sleep for about 
45 min to an hour, When the pig wakes up and responds 
well to pinching, but before it can run, inject 2 ml of 
50% sodium lactate (Mallinekrodt). (0.1 ml is effective). 
This has consistently produced such ft pronounced depres¬ 
sion that there is no doubt about the result. The same 
reaction is produced regularly in dogs by lactate, maio¬ 
nate, or succinate. 

As far os we are aware, the observations given here 
have not been reported before, although the literature on 
the relationship between glucose and its metabolic prod¬ 
ucts to anesthesia is enormous and sometimes conflicting. 
Our results in dogs show very wide variation in response 
to glucose after barbiturate anesthesia; the great differ¬ 
ence of reaction in animal species might account for this. 
Our results are qualitative only, excessively large doses 
having been given at times to insure a reaction of an 
active substance. The effect of each compound used haa> 
however, been controlled by injection of & corresponding 
amount, of the substance in a normal animal without 
anesthetic; such injection has in no case produced 
depression. 

After this article had been written, it was found that, 
although the duration of hexobarbital anesthesia did not 
seem to be greatly changed by the simultaneous adminis¬ 
tration of glucose or its degradation products, in the few 
experiments tried, these substances greatly affected the 
dose of hexobarbital necessary to produce anesthesia, 
lowering it roughly from 0.15 ml of 2% hexobarbital 
solution to 0.01 ml when 2 ml of 50% sodium lactate was 
given at the same time. The potentiating effect of glu¬ 
cose was striking, but less than that of lactate. Pigs 
which showed no response to a subanesthetic dose of 
hexobabital went to sleep at once after the injection of 
glucose or lactate. 

It would therefore appear that we have been dealing 
with a potentiation of barbiturate anesthesia by glucose 
and its metabolic degradation products and that the re¬ 
turn to a state of hypnosis or anesthesia after waking 
from barbiturate sleep i* probably due to a potentiating 
effect of these substances on the subauesthetic level of 
barbiturate in the blood. 

Detailed reports of pur work will be published later. 
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Comments and 

On the Discovery of the Action of 
Colchicine on Mitosis in 1889 

The description of the effects of colchicine on mitosis 
by A. P. Dustin (Bull. Acad. roy. Med. Belg. t 1934, 14, 
487) and F, Lite (C. K. Soc . BioL, 1934, 115, 1421) 
marked the beginning of a period of active investigation. 
During the next 15 years, publications dealing with this 
alkaloid averaged about 100 titles per year. The first 
study of the action of colchicine on mitosis, we now be¬ 
lieve, is the one published by B. Pernice (Sietlta Med., 
1880, 1, 205). Several papers since 1934 have credited 
W. E. Dixon and W. J. Malden (A manual of pharma* 
oology. London: Arnold, 1906, and Physiol ., 1908, 37, 
50) with the original observations on colchicine mitosis. 
They mentioned that after repeated injection in mam¬ 
mals, " plentiful mitotic figures can occasionally be ob¬ 
served ’ * in smears of bone marrow. However, they did 
not give details or illustrations. On the other hand, the 
figures and text of Pernice make it clear that he observed 
in considerable detail the oytofegieal action of this drug. 

We have been interested in colchicine bibliography 
(Lloydia, 1047, 10, 05) for the past ten years, and a work 
now in press (Lloydia) includes a reference to this work 
of Pernice. Through the service afforded by the V. 8. 
Army Surgeon General’s Index, and the cooperation of 
the Library of the U. 6. War Department, Washington, 
D. C., we have been able to study this document. Greater 
details, as well as presentation of figures, will be pub¬ 
lished when suitable arrangements can be completed. 
However, at the moment, certain sentences are so appro¬ 
priate that a few of Pernice ’a observations are included, 
with our comments. 

In his paper, entitled; "On the karyoktneses of the 
epithelial and endothelial cells in the mucosa of stomach 
and intestine, in experimental gastroenteritis following 
colchicum poisoning, ’ ’ Pernice studied with great care 
the gastrointestinal mitoses in two dogs given, respec¬ 
tively, 10 and 15 g tincture of bulbs of colchicum, and 
dying 24 and 48 hr later. In the stomach were to be 
found * * an extraordinary great number of dividing cells.' ’ 
Furthermore, he stated that within the LieberkUhn glands 
of the intestine, G nearly all cells are engaged in indirect 
» division/’ Endothelial mitoses can be seen "nearly in 
all vessels.' 1 Moreover, it is 41 rare to see the latest stages 
of division.” Pernice considered that *‘the cellular ele¬ 
ments may have been directly excited and stimulated by 
the tincture of colchicum/’ He noticed that some of the 
mitotic figures apparently underwent destruction and 
added*; "Perhaps this is a necrosis of the cells, giving 
rise to some sort of pseudo-karyokinetic forms/* He 
firmly stated, however, the relation of the observed 
images to true mitosis. The illustrations show gastric 
and LieberkUhn glands, one with "quasi tutti gli dementi 
in carioainesi, 1 f and divided equatorial plates, but no true 
anaphases or telophases axe represented* 


Communications 

Pernice deserves due credit for his discovery; thus the 
action of colchicine on mitosis has been known since 1889. 
While many physiological studies of the intestine in 
cho^riclhized animals were published in the interval from 
1889 to 1934, the mitotic abnormalities were not described 
again until 45 years later. The year 1049 marks the 00th 
anniversary of the discovery of colchicine mitosis. 

O. J. Eioati, p. Dustin, Ja., and 
N. Gat-Winn 

Northwestern University , Bvanston, Illinois 
.and University of Brussels Belgium 

A Nomination fot the ISCC 

My hearty approval of the article on RidgWay’s color 
standards ( Science , June 17). 

You will find that I have been active in the past in an 
attempt to produce color standards whieh will be both 
permanent and reproducible. Inorganic ions and com¬ 
pounds were found to be permanent and could be accu¬ 
rately reproduced from known formulas; ferric chloride 
and cobalt chloride were the compounds employed. The 
nickel ion would probably have been the next, had I been 
able to continue the study. 

The American Society for Testing Materials, neighbors 
of mine on Race Street, Philadelphia, have already done 
excellent studies on the color problem and know mueh of 
its intricacy. They might be the best available organiza¬ 
tion for the purpose mentioned in Dr. Middleton’s letter 
(Science, June 17). 

John Pim Oabtkr 

Academy of Natural Sciences, Philadelphia 

\ 

Solar Rotation and Kepler’s Laws 

H, W. Babcock, of Pasadena, recently announced dis¬ 
covery of some significant correlations between the mag¬ 
netic fields and the rotation of several astronomical 
bodies. P. M. 8. Blackett, distinguished English physi¬ 
cist, found that Babcock ’a constant Q/mr t (0f or magnetic 
moment/angular momentum, is proportional to Gi/c, or 
square root of gravitation conatant/velocity of light. 

In calculating angular velocity, Prof. Blackett took the 
sun’s equatorial time of rotation, about 25 days. But the 
sun does not rotate uniformly like a solid sphere and 
different values are found when the average time of rota¬ 
tion if used (i.e., mean of observed latitudes). This is a 
little more than 20 days, or about 2,510,000 seconds. 

Substituting for m the equivalent term v*r/£, angu¬ 
lar momentum would be given by v*r*(o/<? = 2.4 x 10" 

in c<g.s. units and would be 8.9 x 10“/2.4 x 10" 

a X 30". This would be proportional to 1/G(2*e)* 
jOTroximateiy^ ^1^4yi0“) t 

One of the factors abstracted from the equations, rty, 
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or cube of sub's radius multiplied by its angular velocity, 
is proportional to a Keplerian constant for the solar sys¬ 
tem, 2jrrv*, or planetary orbit multiplied by the square of 
orbital velocity, e.g., in cm/s units: 

2jtrt> a = (6,28 x 6*95 X 30 w ) . (4.38 x 10 7 ) 3 = 8.37 X 10“ 

*o o = (6.95 x 10 w )». (6.28/2,510,000) =: 8.4 X 10“ 

This equivalence suggests that planetary motions are 
related to the sun 's rotation and regulated by electro¬ 
magnetic laws, as Kepler surmised. 

(?o&nki*iur O'Connor 

Harrison Si reef, 

San Francisco, California 

Corneal Contact Lens Reference? 

It has boon widely quoted that Sir John HorschoH was 
the first, to suggest the possibility of making a corneal 
contact Ions. Can any of your readers give us the exact 
reference in Sir John's writings regarding this idea? 

Katherine Ferguson Chalk ley 

Manuscript Editor 

American Journal of Ophthalmology, 

Lake Geneva, Wisconsin 

Guarded Circuit Bridge 

A precision guard circuit has been constructed to op¬ 
erate in conjunction with a Modified Sobering Bridge so 
that three terminal guarded measurements can be made 
on solid and liquid dielectrics over the operating fre¬ 
quency range of the bridge; namely, 100 eycloa/sec to 
300,000 cycles/sec. 

The detector system used with this equipment is made 
up of a matching amplifier with built-in selective fre¬ 
quency filters between the output of the bridge and main 
amplifier. The main amplifier has a flat frequency re¬ 
sponse of 40 db from 60 cycles/sec to 1,000,000 cycles/soc. 
The output of the main amplifier is fed to one set of 
plates of a standard oscilloscope. The other 'scope plates 
are fed directly from the bridge supply oscillator through 
a phase shifter. 

Amplifiers are operated at full gain with the signal 
forming an ellipse on the 'scope screen. Controls are 
adjusted so that resistance balance opens and closes the 
ellipse and capacity balance tips tho closed line right or 
left from horizontal. 

Accurate balance is obtained over the complete fre¬ 
quency range of the bridge. 

The guarded circuit bridge enables one to make dielec¬ 
tric constant and dielectric loss measurements under con¬ 
trolled humidity conditions and at different temperatures, 
whieh are impossible with a two-electrode system. Sur¬ 
face leakage on a dielectric cannot be separated from 
volume resistance using an unguarded bridge. Edge cor¬ 
rections for electrostatic fringing are also eliminated by 
means of the guarded test electrode. 

Stanley J. Reynolds 
GeneralEUttric Maiwtvh Laboratory, 

Kew York 


Report from Sweden 

The more important scientific activities of the Scandi¬ 
navian countries are known in this country by way of 
the Scandinavian journals and abstracts in our own 
American medical journals. Therefore, when I wont to 
Stockholm to visit the larger hospitals and state and 
municipal laboratories, I did so with a good many pre¬ 
conceived ideas and the feeling of at least a surface 
familiarity with the work in progress, I found, however, 
a laboratory organization quite different from that in 
the U. 8., owing to some extent, to tho absence of large 
commercial pharmaceutical plants and also to the semi- 
socialization of medicine in this country. 

In this account I shall not attempt to give a complete 
picture of all tho important laboratory activities in 
progress. My visits wore confined almost exclusively to 
Stockholm. However, I was assured that the organi¬ 
zation here is prevalent throughout Sweden. 

Swedish laboratory medicine is now centralized to a 
largo extent. In recent years demands for decentrali¬ 
zation have Increased, and to some degree plans for this 
process have been made and will be carried out within 
the next decade or two. Stockholm (and all the larger 
communities in Sweden) maintains one central municipal 
bacteriological laboratory that works with and for all the 
city hospitals except the Medical Institute—Karolinska 
Hospital—which is to a large degree self-sufficient. 
Individual hospitals maintain small bacteriological labo¬ 
ratories to do a few routine tests, but send most clinical 
diagnostic work to the municipal laboratories. But all 
the hospitals maintain adequate chemical, hematological 
and pathological laboratories. 

The Munieip&l Bacteriological Institute is rather in¬ 
adequately housed in an old converted school house, but 
plans for new quarters have been drawn up by the 
directing head, Prof. Davide. Funds are available and 
it is hoped that in three or four years the new quarters 
will be ready for use. Tho plans call for a continuation 
of the present organization into four scientific depart¬ 
ments: clinical bacteriology, i.o., cultures and antibiotic 
tests; serology, including Wassermann and Widal tests, 
antistreptolysin titers, and staphylococcal lysin titers; 
intestinal infection; and tuberculosis. To this will be 
added a fifth and very important section—a virus depart¬ 
ment in which Prof. David© tentatively plans an emphasis 
on encephalitis investigations. 

Opportunities for research in the present cramped 
quarters are of necessity restricted. In the new building, 
however, adequate space for research is planned for, so 
that each department head will have a small laboratory 
for private scientific investigations. Prof. Davide is 
continuing his extensive 15-year work on bacterial meta¬ 
bolic products with bactericidal action on Mycobacterium 
tuberculosis. His associate, Dr. Pakaliu, is also con¬ 
tinuing with his Work on the effect of generalized in¬ 
fections on the clinical course of tuberculosis. Both men 
were most kind in showing me their work, as were their 
staff, and the staffs in all the institutions I visited. 
English is generally spoken, usually very fluently, and 
older doctors apeak excellent German. ...... 
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No teaching in done at the municipal institute, but in 
the new quarters provisions are made for teaching clinical 
bacteriology to medical students. The staff consists of six 
doctors and about 20 technicians. The professional staff 
here and at the hospitals is predominantly male. I was 
assured constantly that the dearth,of woman physicians 
merely reflected the fact that here women prefer a home 
and htisband to a medical career. The technicians, on 
the other hand, are exclusively female. Incidentally, 
the status of the Swedish laboratory technician is con¬ 
siderably different from that of her American counter¬ 
part. She is not college-trained, but is given special 
training for a period of eight months to a year, to qualify 
her for routine laboratory work. AH diagnostic results 
are supervised, checked, send officially reported by a 
member of,the staff holding a university degree. This 
state of affairs is becoming more and more deplored by 
the laboratory directors, and there has been considerable 
Agitation for more adequate scientific training of tech¬ 
nicians. 

I visited several of the hospitals of Stockholm. Two of 
these, Bab bats berg (where the new municipal center will 
be housed) and St. Erika, are good examples of the aver¬ 
age city hospital. Both of these maintain only very small 
bacteriological laboratories, u^ing the municipal center for 
almost all of their bacteriology, but maintain all the clin¬ 
ical laboratory divisions in adequate form. At Snbbats- 
berg, where the hospital is quite old but the laboratory 
quarters are housed in a new and extremely modern build¬ 
ing, the main research problems are pathological, initiated 
by the director, Prof. Bergstrand, and concern morpholog¬ 
ical and biochemical analysis on changes in liver and kid¬ 
ney diseases. The equipment here, as indeed in all the 
laboratories except the municipal one, which will be com¬ 
pletely reequipped, is astonishingly modem and eon 
siderably more than adequate. Binocular microscopes, 
usually of German, Swiss, or English make, are used 
exclusively. Barge built-in, stainless stool autoclaves 
are found everywhere; stainless-steel centrifuges holding 
24 tubes are of Swedish make and, I am told, excellent. 
There is usually no difficulty in obtaining the standard 
laboratory equipment. Libraries are, by American stand¬ 
ards, inadequate. Each institute usually has only a small 
library of journals and books pertaining to its own 
medical specialty. However, the KarolinSka Medical Li¬ 
brary is excellent, fully equipped not only with Amer¬ 
ican and central European works but Also with a good 
selection from' eastern Etftope. This library is available 
to ail the other medical institutions of Stockholm. 

At St. Eriks Hospital, where Dr. Joseph son was most 
kind in showing me his equipment, I was again itn-^ 
pressed by the excellent laboratories in a comparatively 
old hospital. Here, as in ail the other hospitals, there 
is a workroom with trained mechanics who can manu¬ 
facture a good deal of the equipment. Dr. Josephson 
Is working on the excretion and tubular function of 
kidney metabolism and plans to publish his results in a 
new English-language journal, the Scandinavian Journal 
dal and Laboratory Investigation*. I asked him 
about the effects of the sezoisocinlisation of Swedish 


medicine on research, and he assured me that, although 
he gets his funds from the Swedish State Medical Council, 
there is no state control of research at all, ^either in hi# 
own or In any of the other institutions. 

One of the oldest hospitals in the city is the institution 
for epidemic diseases, aptly called Epidemi Hospital. 
Here again there are plans ready for a whole group of 
new buildings, especially a large central laboratory de¬ 
partment, with adequate bacteriological and virus quart¬ 
ers. fer. lledlund, who is one of the consulting physicians 
there and in charge of the bacteriology laboratories, 
emphasised the fact that he and the other staff physicians 
will have adequate quarters in the now building for 
private research. He is engaged in serological studies on 
polyarthritis and Uo{>cs to continue along these linos. 
Like all the physicians l spoke to, he expressed the 
greatest interest in the TJ.S. All without exception 
either have visited our country in the past or hope to do 
so soon. 

The show piece of Stockholm medical circles is Sorters 
Hospital, a new ultramodern institution. Hero the 
planned decentralization of laboratories has to a great 
extent become a reality. There are large individual lab¬ 
oratories where all the necessary tests can be carried out 
so that very little is sent to the municipal center. The 
work here is mostly routine diagnosis, and very little 
research has been done so far. 

The Swedish State Bacteriological Institute is one of 
the moat modern laboratory establishments to be found 
in Sweden. Opened about 12 years ago it is independent 
of the Swedish Medical Board and stands directly under 
the public health authorities. Its functions are both 
diagnosis and research. 

The institute is headed by Prof. Olin, whose work, 
especially the Salmonella phase of it, is familiar to Ameri¬ 
cans. The permanent staff-—about 25 professional per¬ 
sons and 200 technicians—is distributed among a diag¬ 
nostic department, a virus department, a division for 
chemical bacteriology, an antibiotic division, and a de¬ 
partment for the production of vaccines and serums. The 
latter produces most Of the vaccines and sera used in 
middle and central Sweden. Only smallpox vaccination 
is compulsory, but diphtheria vaccination is available free 
of charge to all school children. • 

The equipment of the institute is modern and complete. 
Microscopes are exclusively binocular, of German and 
Swiss make; Swedish centrifuges, electrufrecxera, and 
autoclaves are excellent and the customary workshop in 
the cellar can produce a large percentage of the labora¬ 
tory equipment. KaroUnska’s library is used extensively 
but there is a fair stock of current journals of the 
bacteriological field id the Institute. The electron 
microscopes at Karolinaka are available for research, as 
is also the one at Uppsala. Here? as everywhere, plans 
are being completed for new buildings, especially for 
enlarging the virus department and facilitating more 
work on polio and hepatitis* 

When the State Institute was built provision was made 
for each doctor to have adequate apace for research. 
Since most members of the staff ate affiliated as con¬ 
sultants with one or more of the city hospitals, coopera- 



SCIENCE 


695 


' December 23, 1949 , VoL 110 


tion and interchange of information arc excellent. All 
the departments carry on research, to a large extent 
in connection with their diagnostic routine work. 

So far as medical education is concerned here, condi¬ 
tions are quite a bit different from those prevailing in 
the U.S. Tt takes between eight and ton years to com¬ 
plete the course for a practicing medical degree in 
Sweden. Medical courses are offered in the universities, 
and also in the two large state medical centers, each 
divided into a public health department, a hospital, and a 
series of institutes for medical education and rsearch. 
One of these state centers is Karolinska (Caroline) 
Institute in Stockholm, where I spent several days, and 
where Or. Heden and Or. Svarta in particular were ex¬ 
tremely kind in showing me around. Karolinska Insti¬ 
tute is an up-to-date institution somewhat oil the scale 
of the Columbia University-Pres by ten an Medical Center 
in New York City. The large routine laboratory of the 
hospital is very well equipped and able to handle a tre¬ 
mendous amount of routine work per day. I was 
interested to see, for instance, that although Sweden has 
only a small amount of aureomycin and almost no 
Chloromycetin available, sensitivity tests and body fluid 
levels for these drugs had already been developed and 
were being applied. 

Of much greater interest were the individual insti¬ 
tutions. I visited two, the Institute for Cell Research, 
a Nobel establishment, and the King Qustav V Research 
Institute. At the cell research center Dr. Malragren and 
Dr. Heden are engaged in studios on the nucleotide 
metabolism of bacteria. The biochemistry department 
works with isotopes, on tuberculosis, and on tho isolation 
and study of respiratory enzymes. Optical studies on 
cell composition are in progress in the large and ex 
cellontly equipped optical department. This boasts an 
American-made electron microscope, available also to the 
other research institutions of Stockholm, and good 
modern ultraviolet apparatus. The central optical de¬ 
partment is separated from the rest of tho house by air 
spaces between the walls to prevent vibration, and has 
collapsible walls so that rooms can be rearranged ac¬ 
cording to need. The three ultraviolet microscopes are 
used at present to study hemoglobin synthesis. A sound¬ 
proof acoustical measuring room is also found. 

The King Gustav V Research Institute was built and 
endowed with .donations by the Swedish people at tho 
80th birthday of King Gustav V. His Majesty desired 
that the institute should devote a greater part of its 
energies to rheumatic disease investigations, Dr. 
Schwartz who heads the institute, impressed me as an 
extremely able scientist who, through her own boundless 
enthusiasm, energy, and vast knowledge of the field, led 
and Inspired her eo-workers * endeavors. Rheumatic 
diseases are studied from the bacteriological, serological, 
chemical, and physiological standpoints. The chemistry 
department studies the body fluid protein fractions as 
pertaining to rheumatic diseases, that is, both blood 


specimen and joint exudates. Dr. Svartz told me that 
they had been a hie to verify that the 0- and y-globulin 
fractions in the blood of animals injected with living 
pneumococci, staphylococci, and enterococci cultures 
showed an agglutination against red sheep cells and 
that investigations along this line are continuing. The 
department owns a Swedish-made electron microscope and 
I was able to convince myself of its excellence by means 
of several pictures of untreated and penicillin -treated 
typhoid bacilli which I was shown. They were extraor¬ 
dinarily clear, taken at a magnification of 150,000 to 
190,000 times, the untreated bacteria showing a wealth 
of morphological detail and the treated ones tremendously 
elongated, the cell body thinning and emptying. 

Several other minor fields of research are pursued at 
the King Gustav V Institute. Dr. Niernan works on 
substances to decrease blood pressure, there is some 
allergy research, and plans have been made for virus 
work as soon as the virus laboratory is equipped. I came 
away from KaToliiiska with my head fairly whirling 
with the scientific activity I had seen there. 

The oldest university in Sweden is Uppsala University, 
founded in the late 15th century, where arts and sciences 
ure taught to about 4000 students. The Department of 
Hygiene and Bacteriology, where I was the guest of its 
head, Prof. Lofatrom, has been iu existence since 1035. 
The department is housed in the new Pathology Building; 
eventually it is planned to separate the hygiene division 
and turn it into a preventive medicine department, so 
that the Bacteriology and Virus Department can spread 
out a bit and add courses to its teaching program. The 
department now offers a six-week clinical bacteriology' 
course for freshmen medical studeAts but hopes soon to 
add an additional course for more advanced students. 

Prof. LSfatrom, who had been appointed only eight 
months ago, was kind enough to show me about and 
explain the research in progress. The department con¬ 
sists of its director, six associates and assistants, and 
about 20 technicians, who do routine diagnostic work 
from the university hospital and also help in the re¬ 
search in progress. When the planned virus department 
materializes, poliomyelitis and bacteriophage research will 
be done. Prof. Lflfstrom is continuing his work on im¬ 
munology, his associate is working on tuberculosis in rela¬ 
tion to sensitivity tests to a Swedish antibiotic (PAS— 
p-aminosalicylic acid). Future work on immunology and 
quantitative measurements on airborne infections seem to 
be the main interests of the bacteriology department 
director and his co-workers. 

In concluding this report from Sweden I should like 
to thank all the doetors who extended to me the hos¬ 
pitality of their institutes in Bueh generous fashion. I 
hope that we in America will be able to reciprocate to 
some extent when we shall play host to them here. 

Lottb R* Wkii.hkinter 
617 East Fif th Street, New Yorlc City 
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Book Reviews 


Itetopic tr*c*r$ and nuclear radiationss With applications 
to btolosy and medicine. William E. Bin. New York* 
London: McGraw-HiU, 1949. Pp. xiii + 653. (Illus¬ 
trated.) $12.50. 

This book is a completely rewritten version of “A. F. 
Technical Report No, 5669 / 9 originally prepared for the 
Army Air Forces. It is primarily a reference book for 
research workers and not suited as a text for students 
either in content ot in price. Those who expect just an¬ 
other book on isotopes will be pleasantly surprised to find 
something much superior. It contains many sections 
which are solidly filled with useful material, concisely 
presented and conveniently arranged. The complete Sea- 
borg and Perlman table of isotopes would make a lesser 
book top-heavy. Its inclusion here is taken for granted. 

Over half of the book is devoted to physics. Here, 
where one expects the usual trivia, one finds instead an 
extremely thorough review of basic principles of nuclear 
physics, including a very comprehensive treatment of the 
interaction of ionising radiations with matter. The 
method of presentation correctly ignores the historical 
approach and begins with the basio factors of nuclear 
stability. The inclusion of a section on neutron theory 
is perhaps to be expected, but no discussion of reactots 


follows. The text is liberally Bprinkled with useful 
graphs and tables and each chapter is concluded with 
many literature references. A peculiar feature is that 
the Faroes of many authors are consistently misspelled. 

Although Part III, on the biological and medical ap¬ 
plications, will soon be dated, this is the difficulty which 
any writer on this subject faces at the present time. 
Many will appreciate the fine bibliography of nearly 
160 pages. A certain degree of organisation has been 
achieved in a badly cluttered field. Chapter 29, on iso- 
. topes in therapy and diagnosis, is written with laudable 
restraint. 

A few people will feel that the book is overbalanced in 
favor of physios, and that the treatment of such topics as 
radioautographs and hot laboratory technique is thus too 
brief. The chapter on the theory of tracer methods is 
incomplete, and one misses a section on radiation chem¬ 
istry. Occasional misprints are found; on page 174, F®* 
should be Fe 6 *. In spite of these points, the book will be 
a very useful practical tool to the Investigator and will 
certainly be found within close reach on many desks dur¬ 
ing the next few years. 

C. W. Sheppard 

Oak Ridge National Laboratory 


Scientific Book Register 

Dow son, W. J. Manual of bacterial plant diseases. 
London (W.l): A. & C. Black, 1949. Pp. vitt + 188. 
(Illustrated.) 16s. net. 

Fuller, Harry J., and Tippo, Oswald. College botany. 
New York: Henry Holt, 1949, Pp. xiv + 993. (Il¬ 
lustrated.) $5.75. 

Goodknough, Fjorenoe L. Mental testing: Its History, 
principles, and applications. New York: Rinehart, 
1949. Pp. six+ 609. (Illustrated.) $5.06. 

Hale, William J. Farmer victorious; Money, mart, and 
mother earth . New York: Coward-McCann, 1949. Pp. 
xii + 241. $3.00. 

Herrick, James B. Memories of eighty years. Chicago: 
Univ, Chicago Press, 1949. Pp. ix + 270. (Illustrated.) 
$5.00. 

Hull, Gordon Ferris. Elementary modem physics . 
(Revision of Elementary survey of modern physios.)* 
New York : Macmillan, 1949. Pp. xvi + 503. (Il¬ 
lustrated.) $5.25. 

Jacobson, C, A* (JSd.) Encyclopedia of chemical re - 
actions. (Vol. Ill, cobalt through iridium.) New 
York: Reinhold, 1949. Pp. xi + 842. $12.00. 

Kramer* Paul J. Flant and soil water relationships. 

New Ybfkt McGraw-Hill, 1949. Pp. xiii + 347. (H- 

■ lustrated, ) ■ $4.50. ■. 


Lawrence, Merle. Studies in human behavior: A lab¬ 
oratory manual in general psychology organised to 
stress the basic principles of individual and group be¬ 
havior with emphasis on perception . Princeton, N. J.: 
Princeton Univ. Press, 1949. Pp. x + 184. (Illus¬ 
trated.) $3.50. 

Lever, Walter F. Histopathology of the skin. Phila¬ 
delphia: J. B. Lippincott, 1949. Pp. xv + 449. (Illus¬ 
trated.) $10.00. 

Martin, John H., and Leonard, Warren H. PWocb 
ples of field crop production . New York: Macmillan, 
1949. Pp. ix + 1176. (Illustrated.) $6.00. 

Miller, A. R. The adsorption of gases on solids , (Se¬ 
quel to the Cambridge Physical Tract Some problems 
in adsorption by J. K. Roberts.) New York: Cam¬ 
bridge Univ. Press, 1949. Pp. viii +133. (Illustrated.) 
$2.50. 

Non-linear problems in mechanics of continua. (Proceed* 
ings of Symposia in Applied Mathematics, Vol. I.) 
New York: American Mathematical Society, 1949. Pp. 
vii + 219. (Illustrated.) ' $6.25. 

Robinson, Judith. Tom Cullen of Baltimore. New 
York: Oxford Univ. Press, 1949. Pp. xR + 435. (Illus¬ 
trated.) $3.50. 

Scott, Merit. Mechanics: statics and dynamics. Now 
York: McGraw-Hill, 1949, Pp.xi + 394. («lnitfRte&> 

" $4*50, ' ■■ 
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NEWS 
and Notes 

Lise Meitner, nuclear scientist, 
who fled from Berlin in 1938, hat* 
become a Swedish citizen. Dr. Meit¬ 
ner is at preseut conducting research 
at the Physics Institute of the Uni¬ 
versity of Technology at Stockholm, 

Albert M. Stone, special consult¬ 
ant to the Research and Develop¬ 
ment Board, has been appointed 
technical assistant to the director of 
the Applied Physics Laboratory, 
Johns Hopkins University, Silver 
Spring, Maryland. Dr. Stone was 
formerly scientific liaison officer in 
the Loudon branch of the Office of 
Naval Research. 

Robert K. S. Lim, former sur¬ 
geon-gene rnl of the Chinese Nation¬ 
alist Army, hits been appointed visit¬ 
ing research professor at the Univer¬ 
sity of Illinois College of Medicine. 
Dr, Lim will continue his research 
on the gastrointestinal hormone 
4 4 enterogastroiie.'’ 

Willie H. McCann, clinical psy¬ 
chologist at State Hospital No. 2, St. 
Joseph, Missouri, has been appointed 
clinical professor of psychology at 
the University of Kansas City. Dr. 
McCann will retain his present posi¬ 
tion at the State Hospital and will 
teach courses in psychopathology and 
psychotherapy. 

Bernd T. Matthias, German phys¬ 
icist, has been appointed an as¬ 
sistant professor of physics at the 
University of Chicago, During the 
winter quarter he will teach classes 
in elasticity and hydrodynamics. 
Dr. Matthias has been working on 
synthetic crystals at the Bell Tele¬ 
phone Laboratories in Murrayhlll, 
New Jersey. 

George H. T, Kimble, chairman 
of the Department of Geography at 
‘McGill University, Montreal, and 
secretary of the International Geo- 
graphical Union, has been appointed 
direetor of the Council of the Amer¬ 
ican Geographical Society, of New 
York, Me will assume his new duties 


in June, succeeding John K. Wright; 
who has resigned after 11 years as 
director. 

Ralph W. Bost, Smith Professor 
of Chemistry and head of the Depart¬ 
ment of Chemistry, University of 
North Carolina, has been elected 
chairman of the American Chemical 
Society’s Division of Organic Chem¬ 
istry. 

Tze-Tuan Chen was appointed 
associate professor of zoology at the 
University of Southern California, 
giving courses in genetics, cytology, 
and general zoology. He assumed 
his duties last September first. 

M. M. Wintrobe, professor of 
medicine, University of Utah School 
of Medicine, will deliver the fourth 
Harvey Lecture of the current series 
at the New York Academy of Medi¬ 
cine on January 19, Dr. Wintrobe 
will speak on 44 Factors and Mecha¬ 
nisms in the Production of Red Cor¬ 
puscles. * ’ 

Horace L. Modes, formerly as¬ 
sociate professor of pediatrics at. 
Johns Hopkins University and mem¬ 
ber of the staff of the Rockefeller 
Institute, has been named chief of 
pediatrics at Mount Sinai Hospital 
in New York City. Dr. Hodes will 
continue his research in infant diar¬ 
rhea in the hospital’s new pediatric 
laboratory. 

George G. Brown, chairman of 
the Department of Chemical and 
Metallurgical Engineering at the 
University of Michigan, lias been 
named director of the U, S. Atomic 
Energy Commission’s Division of 
Engineering. Dr. Brown will join 
the ARC staff on a full-time basis in 
the spring. As director of engi¬ 
neering, he will be responsible for 
the chemical engineering phases of 
the ABC’s reactor development pro¬ 
gram. 

Visitors to U. S. 

Mary Collins, of the George 
Combe Psychological Laboratory, 
University of Edinburgh, will spend 
the spring semester as Visiting pro¬ 
fessor in the Department of Psychol¬ 
ogy at Swarthmore College. 

Q. L, Hammond, of the British 
Ministry of Supply, London, and 


If, Nagaoka, president of the Japan 
Optical Company, Tokyo, recently 
conferred with members of the 
National Bureau of Standards. 

Joaquin V, Luco, of the Catholic 
University, Santiago, Chile, has been 
named visiting professor in physiol¬ 
ogy at the Long Island College of 
Medicine. Dr. Luco succeeds Oscar 
Oriaa, who has returned to his in¬ 
stitute at Cordoba, Argentina. 

Fellowships and Prizes 

The National Foundation for 
Infantile Paralysis is offering post¬ 
graduate research fellowships for 
one to three years in the fields of 
virology, orthopedic surgery, pedi¬ 
atrics, epidemiology, and neurology. 
These fellowships are available to 
qualified candidates whose objectives 
are research and teaching in these 
Holds. Eligibility requirements in¬ 
clude U. 8. citizenship, sound health, 
an M.D, or Ph.D. degree, two years' 
residency training in the specialty, 
and a program of study and detailed 
plan of investigation. Financial 
benefits will be arranged according 
to individual needs- Additional in¬ 
formation and applications may lie 
obtained from Professional Educa¬ 
tion Division, The National Founda¬ 
tion for Infantile Paralysis, 120 
Broadway, New York 5. 

The American Society for the 
Study of Sterility U offering an an¬ 
nual award of $1,000 known os the 
Ortho Award, for an essay on the 
result of clinical or laboratory re¬ 
search pertinent to the field of ste¬ 
rility. Competition is open to those 
in clinical praetiee as well as to 
those whose work is restricted to 
research in basic fields or to full¬ 
time teaching. The prize essay will 
appear on the program of the forth¬ 
coming meeting of the society, which 
is to be held in San Francisco on 
June 24 and 25. Full particulars 
may be obtained from U r* Walter 
W. Williams, Secretary, 20 Magnolia 
Terrace, Springfield, Massachusetts, 
Essays must be in bis hands by 
dprtt i. 

Grants and Awards 

The AcadAmie dee Sciences of the 
Institut de France has awarded the 


698 


SCIEMGS 


December 23, 1949„Vol Uti* 


1949 Binoux Prize in the History 
and Philosophy of the Sciences to 
J. M. D. Olmsted, professor of 
physiology, University of California, 
for his biogruphies of the three 
French physiologists, Claude Ber¬ 
nard, Francois Mugendie, and 
Charles Edouard Brown-Sdquard. 

The A. Cressy Morrison Prize 

of $200 was swarded this month by 
the New York Academy of Sciences 
to Harold R. Hagan of the Biology 
Department, College of the City of 
New York. Dr. Hagan won the 
award for his monograph “Embry¬ 
ology of the Viviparous Insects . ft 

Robert Cushman Murphy, Lament 
Curator of Birds, American Museum 
of Natural History, has been 
awarded the Raimondi Medal of 
the Geographical Society of Lima, 
In recognition of his pioneer ecologi¬ 
cal investigations * xn the coastal 
waters of Peru. Dr. Murphy 's medal 
is for the year 1946 and constitutes 
his second honor from Peru. In 
January, 1026, he received th© de¬ 
gree of Doctor honoris causa from 
the University of San Marcos. 

The 1950 Albert Victor Blein- 
inger Award, conferred by the Pitts¬ 
burgh Section of the American Ce¬ 
ramic Society for “distinguished 
achievement in the field of ceram¬ 
ics,” will be presented to Stuart 
M. Phelps, senior fellow, Mellon In¬ 
stitute, and director of research and 
tests, American Refractories Insti¬ 
tute. 

The 1949 Pittsburgh Award of 

the American Chemical Society’s 
Pittsburgh Section lias been pre¬ 
sented to H. V. Churchill, chief 
analytical chemist of the Aluminum 
Company of America. 

Colleges and Universities 

The Massachusetts Institute of 
Technology recently announced re¬ 
ceipt of industrial grants-in-aid to¬ 
taling $800,000, including $260,000 
from the United Fruit Company of 
Boston, $50,000 from an unnamed 
Massachusetts corporation, $260,000 
from the Cities Service Research and 

Development Company of New York, 
^260^00 from the Standard Oil 
Company of UaRfotnia. 


A collection of several thousand 
scientific and medical books was 
presented this month to Hebrew 
University, Jerusalem, by the U. 8. 
government. The books, valued at 
$25,000, are the first installment of 
a $250,000 collection to be given to 
the university as a perpetual loan 
from this country. * 

A Department of Biophysics has 
been established in the University of 
Pittsburgh's Division of Research 
in the Natural Sciences. The 'new 
department was made possible by a 
$45,000 grant-in-aid from the Sarah 
Mellon Sealfe Foundation to the uni¬ 
versity for the purpose of expanding 
and stabilizing its biophysics pro¬ 
gram over a three-year period. 

Columbia University's Depart¬ 
ment of Civil Engineering has re¬ 
ceived a $7,000 grant from the 
Research Corporation for a research 
program dealing with the fun da 
mental aspects of mechnnical be¬ 
havior and properties of engineering 
materials. The investigation will be 
under the direction of Alfred M. 
Freudenthnl, who has planned and di¬ 
rected research in the fatigue of 
metals in cooperation with the Office 
of Naval Research. William J. Kre- 
feld, director of the school’s Civil 
Engineering Research Laboratories, 
will coordinate the research pro¬ 
gram with other projects now being 
carried out in the department. 

Cornell University Medical Col¬ 
lege and the Cornell University- 
New York Hospital School of 
Nuraing will begin an experimental 
program in February to determine 
the passible reciprocal advantages of 
joint Studies between the social sci¬ 
ences and medical and nursing educa¬ 
tion. The project is being carried On 
in cooperation with the Russell Sage 
Foundation and is expected to con¬ 
tinue for a period of about two 
years. Leo W. Simmons, associate 
professor in tile Department of 
Sociology, Yale University, has been 
granted leave of absence to direct 
the work. 

Meetings ElectkMis 

> A Symposium on Dwal Cwiet' 
Control was presented before the re¬ 


cent meeting of the Association of 
Military Surgeons of the United 
States in Washington, D. C. on No-* 
vember 11. All aspects of tooth de¬ 
cay prevention were evaluated by the 
participants from the standpoint of 
their special fields of research. Rear 
Admiral C. V. Bault, chief of the 
Navy Dental Corps, presided. The 
first speaker, Frank J. Orland of the 
University of Chicago, stressed that 
the evidence that certain bacteria', 
particularly thdse capable of pro¬ 
ducing large quantities of lactic acid 
in a short time, are associated with 
the carious process is only circum¬ 
stantial or indirect. Furthermore^ 
direct evidence bearing on this point 
is needed for filial proof of the* 
etiological reatioush ip of bacteria P 
such as laetobaeilli, to dental carles. 
When the causative agents of dental 
caries are eventually established,, 
only then, can antibacterial sub¬ 
stances be used with greater spec¬ 
ificity, and therefore effectiveness,, 
in the prevention of tooth decay. 

The next participant, Joseph F. 
Volker, University of Alabama, em¬ 
phasized the dietary reduction of 
refined carbohydrates as a caries 
control measure. Some evidence has 
been accumulated to show that, 
among hamsters, the diet of the 
mother is an influencing factor upon 
the caries susceptibility of the molar 
teeth of offspring. Whether this 
finding has a bearing on human be¬ 
ings is problematical. Francis A. 
Arnold, Jr., of the U, 8* Public 
Health Servico, discussed the his¬ 
torical aspects of the findings that 
a low concentration of fluoride in 
the water intake of growing indi¬ 
viduals can reduce the incidence of 
dental caries. Topically applied 
sodium fluoride has also been shown 
to he effective in animals ami man, 
if properly applied. The Public 
Health Service study of the caries 
incidence in Grand Rapids, where 
one part per million of sodium fluo¬ 
ride has been added to the communal 
water supply, has not yet advanced 
far enough to indicate any definite 
trend as to caries reduction in the 
■ children examined, ' Atna^ 
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As final speaker, Basil G. Bibby, 
-of the Eastman Dental Dispensary, 
stated that almost no acceptable 
studies had ever been made showing 
that brushing of teeth had any cor¬ 
relation with the reduction of dental 
decay. He mentioned the innumer¬ 
able therapeutic dentifrices tried, 
but stressed only those containing 
penicillin as having some promise of 
success in curtailing tooth decay on 
the basis of studios in animals and 
groups of children. Discussion of 
these four presentations followed, 

F. J. Oeland 

Geological Field Conference on 
the Mississippi River Valley. An 
invitational field conference on the 
late (Vnozoic geology and geological 
history of the Mississippi River 
Valley was held June 12-25, under 
the auspices of the state geologists 
of tho states concerned—Arkansas, 
H. B. Foxkall; Illinois, M. M. Leigh¬ 
ton; Iowa, H. G. Horshey; Ken¬ 
tucky, I). J, Jones; Louisiana, L. W. 
Hough; Mississippi, W. C. Morse; 
Missouri, E. L. Clark; Tennessee, H. 
B. Harwell. The leaders were: for 
Iowa, A. C. Trowbridge and H. G. 
Herahey, for Illinois to Mississippi, 
M. M. Leighton and H. B. Willraan, 
.and for Louisiana, G. E. Murray and 
Leo Hough. The purpose of the 
-conference was to enable geologists 
and pedologists to review together 
the field phenomena, beginning in 
southeastern Iowa and extending to 
south-central Louisiana. 

The contrast in features of the 
upper and lower segments of the 
Mississippi Riser Valley has always 
been of outstanding interest in 
North American,,geology, but it- has- 
been recognised that despite this 
contrast their development has been 
harmoniously interrelated. Recent 
interpretations of the Lower Valley, 
however, are quite different from 
and incongruous with the prevailing 
•concepts of the Upper Volley* The 
-conference contributed substantially 
to a mors hamonious interpretation 
of the valley as a whole and focused 
attentionon proWems to be further 
investigated' 

The more important subjects given 
consideration were: the pregUdal, 
liigh level, chert gravels beneath the 
drift the Upper Valley 
to similar gravels 


south of the drift border; the drift- 
sheets laid down by the various con¬ 
tinental glaciers and the evidences 
of their relative ages; the succession 
of the loess formations and the evi¬ 
dences of their relative ages and 
origin j the valley-train terraces, 
especially those of Wisconsin age, 
and tlieir relation to the alluvial fill 
of tho Lower Mississippi; the evi¬ 
dences of the alternating character 
of the glacial melt waters, aggrada¬ 
tion al to torrential, and the causes 
therefor; and Pleistocene changes in 
drainage. 

A total of 45 persons, most of 
them specialists and representing 
universities and state and federal 
surveys, participated in the confer¬ 
ence. Geologists and pedologists 
found common ground in the prob¬ 
lems considered—particularly in the 
alteration of sediments by weather¬ 
ing and soil-malting processes and in 
the recognition of their primary 
origin. The significance of profiles 
of weathering in tho determination 
of relative ages of the sediment# im¬ 
pressed everyone during the course 
of the conference as being a matter 
of major importance. Failure here¬ 
tofore to recognize such phenomena 
and their significance account# for 
•oma of the difference# in interpreta 
tion of the geological history of the 
valley. 

The conference was probably one 
of the most comprehensive field con¬ 
ferences ever held. A similar trip 
in the Missouri Valley area is con¬ 
templated by the geologist* of that 
area within a year os so; 

[The authors have in preparation a 
paper -dealing; with th# late Cenezolc 
geology of southern Illinois.] 

M* M. Leighton and 
H. B. Willman 

A conference on the U*e of 
Tracers in Organic Reaction 
Mechanism Studies will be held at 
Brookhaven National Laboratory 
January 19-20, Speakers and their 
topics are as follows; Thursday— 
ft JL tolberi, University of Califor¬ 
nia, Reaction Mechanism Studies 
Using Carbon U: I. The Decomposi¬ 
tion of Acetyl Peroxide in Acetic 
Acid {with A. Fry and M. Calvin), 
tL The Preparation of Uemerol by 
Reductive tteihylatlon and the Role 


of Formaldehyde and Formic Acid in 
this Reaction (with W. Tarpey, H. 
Hauptmann, and *H, Rapoport); 
Knut A, Krieger, University of 
Pennsylvania, Mechanism of Acetyl¬ 
ene Oxidation over Silver Nitrate; 
Aksel A. Bothner-By, Brookhaven 
National Laboratory, Studies usiug 
C w of Natural Abundance (with J. 
Bigeleisen and L. Friedman); 0. 
Kenton Neville, Oak Ridge National 
Laboratory, C w Tracer Studios in 
the Rearrangement of a-Dikqtoues: 
III. The Rearrangement of Unsym- 
metrical Benzils; Robert B. Loft field, 
Harvard University, Mechanism of 
Faworski Reaction; Friday— Wil¬ 
liam H. Jlamill, University of Notre 
Dame, Primary Processes Involving 
Radiobromine at the Carbon-Carbon 
Double Bond; Russell B. Williams , 
Jr. t University of Notre Dame, The 
Detection and Identification of Free 
Radicals by Use of Radiohalogens ; 
John D. Roberts , Massachusetts In¬ 
stitute of Technology, Rearrange¬ 
ments of Carbon Atoms in Alkyl 
Derivatives; Elliot R. Alexander, 
University of Illinois, Mechanism 
of Catalytic Hydrogenalysis; and 
Martin Gibbs, Brookhaven, The 
Mechanism of the Alkaline Degrada¬ 
tion of Glucose. Information con¬ 
cerning housing and transportation 
may be obtained from Mrs. M. Ku- 
per, Director ’a Office, Brookhaven 
National Laboratory, Upton, Now 
York. 

A conference on polluted irri¬ 
gation waters, sponsored jointly by 
tttfe Environmental Health Study Sec¬ 
tion of the National Institutes of 
Health, the El Faso Health Depart¬ 
ment, and the Texas State' Health De¬ 
partment, will be held January 2? 
in El Paso. The program will be de¬ 
voted to discussions of general prob¬ 
lems of irrigation waters in several 
western and southwestern states; 
current research in the incidence and 
behavior of pathogenic organisms in 
irrigation waters, vegetable wash¬ 
ings, and soils ; and epidemiological 
aspects of sewage-polluted irriga¬ 
tion waters; in addition, papers will 
be presented on the jUtfUsaton of 
jbpste nratfr; impounding and use of 
'^atef of tty# Rio Grande, machines 
tot viegeUble washing, present stand¬ 
ards for irrigation water, anil use of 



7W 


sewage sludge* for soil improvement. 
Copies of the program may be ob¬ 
tained from Mr. Irving Gerring, 
Executive Secretary, Environmental 
Health Study Section, Division of 
Research Grants and Fellowships, 
National Institutes of Health, fie- 
thesda 14, Maryland. 

The Twelfth Annual Midwest 
Power Conference, sponsored by the 
Illinois Institute of Technology with 
the cooperation of 18 mid we stern 
universities and professional socie¬ 
ties, will be held April 6-7 at the 
Sherman Hotel, Chicago. The theme 
of the conference will be f< Economy 
in Power.” 

The following officers were elected 
at the fifth session of the Interna¬ 
tional Union for Scientific Study 
of Population, held at Geneva 
August 27-September 2: president, 
Tj. Hersch, Switzerland; vice presi¬ 
dents, D. V. Glass, United Kingdom, 
L. Livi, Italy, A. J. Lotka, U. 8., K. 
B. Madhava, India, G. Mortara, Bra¬ 
sil, A. Sauvy, France, 8. 8zulc, Po¬ 
land; and secretary general and 
treasurer, G. Mauoo, France. They 
will serve until the next meeting of 
the assembly. 

Charles Allen Thomas, executive 
vice president of the Monsanto 
Chemical Company, St. Louis, has 
been elected chairman of the Board 
of Directors of the American Chemi¬ 
cal Society, to take office January 1. 
I)r. Thomas succeeds Roger Adams, 
chairman of the Chemistry Depart¬ 
ment of the University of Illinois 
and president elect of the AAAS, 
who has served three consecutive 
terms as director, the maximum term 
permitted by the society's constitu¬ 
tion. 

Deaths 

William Alexandra ParlnraiC, 
professor of biochemistry and chair¬ 
man of the department at Duke TPriU 
vprqity, died of cancer on December 
10, Dr. Pertewdg, who was 68 at 
the tame of his death, had made ex¬ 
tensive studies of the metabolism of 
the vitamins of the B complex. He 

was aspeeisd adrtsOrto Sfbww Uni¬ 
versity HA fl mmah Medical School, 
Jerusalem, :■ . . 
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Arthur Parker Hitchens, 72, 
Commissioner of Health in Wilming¬ 
ton, Delaware from 1945 to 1948, 
and former George S. Pepper Profes¬ 
sor of Preventive Medicine at the 
University of Pennsylvania, died at 
his home in Philadelphia on Decem¬ 
ber 10, As a member bf the Re¬ 
search Board of thd*U. 8. Medical 
Department in Manila, 19®4-25, Dr. 
Hitchens participated in the organi¬ 
zation of the School of Public Health 
and Preventive Medicine at the Uni¬ 
versity of the Philippines. 

Samuel R. Haythom, patholo¬ 
gist and director of the William H. 
Singer Research Laboratory at Al¬ 
legheny General Hospital in Pitts¬ 
burgh, died on December 6 at the 
age of 69. Dr. Haythorn, who was 
formerly head of the Department of 
Pathology and Bacteriology at the 
University of Pittsburgh, was known 
for his research in tuberculosis, sili¬ 
cosis, and cancer. 


A health protection clinic, where 
anyone over 18 years of age may 
receive free tests for detecting dis¬ 
ease or disability in early stages, 
will be opened in Boston on January 
3. It is the first of five such 
clinics, located in pivotal areas 
throughout the state, to be sponsored 
by the Massachusetts Medical So¬ 
ciety with the cooperation of the 
Massachusetts Department of Public 
Health and voluntary agencies. 
Claire F. Ryder, epidemiologist with 
the State Health Department, has 
been appointed administrator. The 
cost of the clinic for a six-month 
period k estimated at $30,000, of 
which the U. S. Public Health Serv¬ 
ice WUi supply $16,000 for clinic 
personnel and the Massachusetts De¬ 
partment of Public Health will pro¬ 
vide $12,000. The balance will come 
from voluntary agencies, of which the 
American Cancer Society will donate 
$1,250, 

Radioisotopes may now be ob¬ 
tained under the Canadian export 
program. The Isotopes Division of 
the IT, S, Atomic Energy Commission 
has been named the coordinating 
agency for the import of Canadi a n 
radioisotopes; as it is for Ike domes¬ 


tic distribution and export of U. S.- 

produced isotopes. Applicationsmay 

be made to the division, P. O.Box 

E, Oak Ridge, Tennessee. 

Recently Received— 

Recent Da/vlopm&nta in Hawaiian 
Land Utilisation. E. O. Kraemer. 
Paper No. 51. University of 
Hawaii, Honolulu, T. H. 

How to Collect and Preserve In¬ 
sects. H. . H. Roes. Cire. 39, 
Illinois State Natural History 
Survey, Urbana, Illinois. 

Preserving Bhda for Study . Emmet 
R. Blake. Fieldiana: Technique 
No. 7. Chicago Natural History 
Museum. 

Effects of Oil Mixed With Carbon- 
ised Sand on Agnatic Animals. 
Special Scientific Report: Fisher¬ 
ies No. 1. Fish and Wildlife Ser¬ 
vice, U. S. Department of Interior, 
Washington 25, D. C. 

National Aoadamy ot Sciences Bi¬ 
ographical Memoirs, Vol. XXV. 
National Academy of Sciences, 
Washington, D. 0. 

Recommended Nutriant Allowances 
for Horaaa No. VI, Recom¬ 
mended Nutrient Allowances for 
Domestic Animals. Committee on 
Animal Nutrition, National Re¬ 
search Council, 2101 Constitution 
Avenue, Washington 25, D. C. 

Short Periodic Solar Variationa and 
the Temperaturea at Washington 
and New York . C, G. Abbot* 
Smithsonian Miscellaneous Collec 
tions, Vpl. Ill, No. 13, Publ. 8990. 
Smithsonian Institution, Washing¬ 
ton, D. C. 

The Quart tor Stellar Parallax. 
Dorrit Hoffieit, Harvard reprint 
821. Harvard Observatory, Cam¬ 
bridge, Massachusetts. 

The Standard C apheid Light Curve, 
Harlow Shapley. Harvard Re¬ 
print 29, Series II. Harvard 
Observatory, Cambridge, Massa¬ 
chusetts. 

The Bireiringent Filter* John W. 
Evans. Harvard reprint 30. 
Harvard Observatory, Cambridge, 
Massachusetts. 

The Black Rook Format Twenty- 
YaarProgtmmRap&rt, 

,.v Try** 

on-the-Hudson, Now York. 
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Government Support of Research 

Alan T. Waterman 

Deputy Chief and Chief Scientist, Office of Naval Research, Washington, D. C. 


I T IS INTERESTING and significant to find gov¬ 
ernment support of research so much under dis¬ 
cussion recently. It is interesting because then* 
has been for the past few years a great deal more 
support from government, and therefore at least the 
edge of the need has been dulled. It is interesting 
also because, contrary to the attitude before and im¬ 
mediately after the war, there are few institutions 
now that arc unwilling to entertain the idea of gov¬ 
ernment support. It is significant because we are 
now in the position, not only of establishing the need 
for support of research, but also of considering how 
much support is necessary and prudent and how it 
should be provided. The value of discussion at the 
present time lies in the fact that we arc now able to 
evaluate what has been accomplished, at least to some 
extent, and thus more realistically to consider plans 
or proposals for the future. 

The subject “Government Support of Research” as 
considered here is limited to support by the federal 
government to scientific research outside its own 
establishments. No attempt will be made to discuss 
support of research by state and city governments, 
which is a different kind of problem. 

It is hardly necessary to review the reasons for 
government support of research. It may be recalled 
that before the war there was little or no interest in 
support of general basic research by the federal gov¬ 
ernment, although there was demand for support in 
particular areas of research and to some extent for 
general and higher education. Nevertheless, aware¬ 
ness of need for support had its origin at that time 
in the concern with which educational and industrial 
institutions viewed lack of capital, low returns from 
investments, rising taxes, and hard times generally. 
But there were few then who advocated federal 
support. 

It is probably salutary to recall that, historically 
research has always required a patron; it has never 
been regarded as self-supporting. We have become 
so accustomed to the idea of pure research conducted 
in universities that we tend to forget this fact. Actu¬ 
ally, the universities have become the patrons. Re¬ 
search foundations, which operate more frankly in 
theolder tradition, and certain industries have to some 
extent also assumed this role. If the funds from 
these souroes. begin to fail or the demand for research 
ituweasesit'to.'-tffiil a search for ways 


to add to the traditional means of support. Asa 
matter of fact, both conditions have been operative. 

This parasitic view of research should not be re¬ 
garded as humiliating; it puts research in the class 
with the creative arts, along with literature, music, 
painting, and sculpture. It may be that the time will 
come when it is generally realised that pure scientific 
research does in fact more than pay its way. Cer¬ 
tainly a strong case can be made. But we should be 
careful not to fall into the error of assuming that 
great discoveries can be bought or that research in 
certain fields will never be profitable. I doubt whether 
any such practical justification of pure science will 
ever come about through the efforts of scientists them¬ 
selves. There will always be too many among us who 
regard with apprehension or resentment the motiva¬ 
tion of utility. This is probably as it should be, but 
we must admit that it is a source of misunderstand¬ 
ing when we ask for money. 

Mach has been said and written of the effect of the 
war on the need for scientific research. It is true 
that we drew heavily on our stockpile of scientific 
knowledge. It is true that most European science, 
which had long led us in fundamental research, came 
to a standstill. But other factors were also at work. 
Academic scientists learned what industry already 
knew—the advantages of teamwork on scientific prob¬ 
lems. Also, notably in nuclear physics and fluid me¬ 
chanics, large scale and costly installations proved 
neceSteaiy, but beyond the reach of single institutions. 
We must add to this the urge among many of the 
scientific fraternity to return to the pursuit of knowl¬ 
edge with a deep sigh of relief after their strenuous 
years of applied research and development. 

It was in this atmosphere that a National Science 
Foundation was proposed. There are many who feel 
it a misfortune that the first bill for a National Science 
Foundation and those subsequently proposed have 
failed of enactment However, it is some consolation 
to realize that we all now know a lot more about the 
problem than we did, both as a result of the discussion 
provoked by rival legislation and as a result of ex¬ 
perience with such federal support as has been avail¬ 
able. This at least is good, and should be helpful in 
making a National Science Foundation more effective 
if established. 

In the atmosphere just following the war it is not 
surprising that the military establishment took the 
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lead in sponsorship of research. Everyone was con¬ 
vinced of the importance of science, and research in 
particular, to national defense. In 1946 General 
Eisenhower put forth a strong statement to this effect, 
and the Navy went into action by securing authori¬ 
sation for a special Office of Naval Research, through 
farsighted planning led by such men as Robert D. 
Conrad, Luis de Florez, Harold Bowen, and James 
Forrestal. It was necessary for the military to act 
quickly, since their peacetime plans had to bo made 
at once and geared to a much lower level of opera¬ 
tion. Besides, many felt that much of the Office of 
Scientific Research and Development had permanent 
value and should be retained. In this connection it 
is interesting to note a statement made in 1885 by 
the then Secretory of the Navy, William C. Whitney: 

The rapid advance of the art of naval warfare and the 
singular fertility of human genius in devising new and 
more formidable implements of destruction are rendering 
this branch of public service more complicated and 
difficult. . . . 

A naval vessel at tho present moment ia a product of 
science. Taking the world over it will be found that 
each part of her—her armor, her armament, her power, 
and tho distribution of her parts or characteristics—each 
of these features of the completed vessel is absorbing 
from year to year the exclusive study of a class of sci¬ 
entific men. And as men of science throughout the world 
are continually stimulated to new discoveries and inven¬ 
tions, no vessel that can bo built can be considered a 
finality in any particular. 

It is of little service to a nation to have any Navy at 
all unless it is a fair expression of the highest scientific 
resources of its day. The destructive power of tho 
modem implements has become so great as to dominate 
in actual warfare. The bravest and best commander is 
helpless without them. 

Just how broad is the need for support of research? 
Does industry require or want government support of 
research? Should all colleges aim to do a fair pro¬ 
portion of research ? If so, should all receive govern¬ 
ment support? If not, to which should support go? 
Should support be given to the institution as a whole, 
to particular schools or departments, or to qualified 
or promising individuals? Or should it be on a dif¬ 
ferent basis^—support in certain fields of apparent 
promise or of interest to the donor? Whatever the 
answer, one has to reckon with the fact of limited 
government appropriations for the purpose. 

And what of the problem of scientific manpower? 
If we grant tho desirability or even the urgency of 
increased support of research, have we actually an 
adequate number of scientists and engineers for the 
job we need to do? It is commonly supposed thdt 
we have not, and that no considerable expansion in 
support of riwearch ean 1^ at once without 


serious dislocation of existing programs. But this 
statement is only partly true, and, like all part-truths, 
can prove a serious obstacle to proper action. It is 
true that the need for competent scientists in industry - 
and in government is great and that the available 
supply is low, and the same can be said with even 
more force with respect to the teaching of science 
at tie more elementary levels. But the operations of 
the ONR have produced conclusive evidence that there 
is still abundant room for support of research in col¬ 
leges and universities, and this may take place with * 
little if any detriment to existing programs for com¬ 
bined research and development. Furthermore, by 
application of increased support along this avenue 
we should at the same time take the most direct step 
toward alleviation of the shortage of highly trained 
scientific manpower, This research is almost entirely 
basic in character, and is, consequently, universal in 
availability to all. Although assistance in this direc¬ 
tion could not be counted on to produce immediate 
practical benefits, the by-products would in many 
cases lead to important applications. From straight 
coutent alone, the outcome would merely add to,our 
store of scientific knowledge. But ideas beget ideas 
and we should thereby greatly enhance the likelihood 
of turning up untold treasures, still in the rough. 

One may properly ask how it is possible that this 
situation may exist—an unfilled demand for research 
scientists and yet an unfilled capacity for accomplish¬ 
ment of research. The answer is evidently that there 
are many competent scientists who prefer the aca¬ 
demic * environment and who cannot be induced to 
leave it. Among them are good research scientists 
who can, with help of a graduate student or two and 
funds for equipment and materials, turn out good 
research without interfering seriously with their pres¬ 
ent share of educational work. 

One consequence of the support now provided is an 
expressed need by the heads of educational institu¬ 
tions for general funds to restore the balance dis¬ 
turbed by support in special fields. 

Questions like these should really be considered by 
a general agency like the proposed National Science 
Foundation, or, failing that, by a special commission 
if the matter is urgent enough. There are other mat¬ 
ters, too, which should be more the concern of such 
. an agency than any existing one, such as support of 
fellowships, underwriting scientific publications, dis¬ 
semination of scientific information, exchange of sci¬ 
entists, aid to foreign science, and finally, firsthand 
scientific advice to the executive and the legislative 
branches of the government. 

These are some of the reasons why the ONR should 
not be regarded as a competitor of the proposed Na¬ 
tional Science Foundation* For purposes of our pros- 
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ent discussion, the function of the ONR is to follow 
and coordinate the research performed by the rest of 
the Navy and to supplement this by support of re¬ 
search externally and within its two major field lab¬ 
oratories, the Naval Research Laboratory and the 
Special Devices Center, The ONR interprets this 
part of its function as justification for backing a 
limited program of basic research in scientific areas 
which offer the chance of ultimate important effect 
upon developments in weapons, devices, and tech¬ 
niques of warfare. 

There are other advantages too. As stated by a 
former chairman, Dctlev W. Bronk, of our Naval 
Research Advisory Committee: 

We feel that there are many important practical needs 
of the Navy which derive from fundamental research 
which cannot be immediately identified. Wo also have 
faith that there are very important results which are 
going to issue from research undertakings which cannot, 
at this present moment, bo identified as having outfltand- 
ing practical value; secondly, we feel that it is of great 
importance to the Navy that there should be outstand- 
ing civilian scientists who are associated with the Navy 
through their ONR contracts. Wo feel this is a source 
of good will, expert advice, and guidance, and one which 
would not be as available to the Navy if there wore not 
these direct contractual relationships between the Navy 
and scientists; and finally, we feel that it would be ex¬ 
tremely undesirable if all of the support for funda¬ 
mental research were to be derived from just one ageney. 
This is necessarily a type of support which involves ex¬ 
ploration, adventure, and gambling and we think it is 
sounder, as a basis of operation, if the support be derived 
from various individuals and various agencies concerned. 

And furthermore, related to this there will bo special 
needs of different agencies which will bo best supported 
if all of tho research support is not derived from just one 
foundation or one organization. 

The ONR research program has been built by selec¬ 
tion of research projects proposed by scientists with 
the endorsement of their institutions. This selection 
is based upon many factors, such as the scientific value 
of thi research, the capability of the proposing group 
and their facilities, the degree of support by the in¬ 
stitution, both financial and policywise, the probability 
of ultimate usefulness to the Navy, the relation of the 
research to that elsewhere in the Department of De¬ 
fense, and last but not least, the state of the budget. 
The ONE grants no fellowships, it constructs no build¬ 
ings for its contractors, nor does it give grants-in-aid. 
Its means of furnishing support is by nonprofit con¬ 
tracts with the institutions concerned. Much care and 
thought have been spent on setting up procedures 
which would kave the investigators free to attack 
their proposed research in their own way/ Super¬ 
vision by the government, necessary by law* takes the 


form of close supervision of the program, with the 
help of consulting panels of experts in each field of 
research, supervision projectwise over expenditures, 
and full discussion and decision in the case of change 
in aim or scope of a project. Almost all this external 
research with universities is free from security classi¬ 
fication. Publication in scientific journals is encour¬ 
aged, as are conferences and symposia. The ONR re¬ 
serves the right, however, to discuss immediately any 
result which requires classification and to obtain agree¬ 
ment to remove the classified portion to some military 
laboratory or set up adequate safeguards in case the 
university and the Navy jointly wish to continue the 
work in the existing location. 

Why is federal support of research a problem? 
There are three standard answers to this question: 
government support implies government control, it 
involves administrative red tape and confusion, it is 
erratic and uncertain. These objections must be mot 
by such safeguards as can be managed in the arrange¬ 
ment set up. 

At the risk of oversimplification, let me suggest that 
for our immediate purpose, federal support of re¬ 
search is a problem for two main reasons, which may 
be illustrated by two additional questions: 

1. Is federal support of research justified? The 
government requires a satisfactory answer to this. 

2. What will be the consequences of extensive fed¬ 
eral support? The answer to this is a matter of con¬ 
cern to science, to scientists, and to scientific and edu¬ 
cational institutions. 

To the former of these two questions the majority 
of scientists would probably answer that federal sup¬ 
port of research is justified provided the values inher¬ 
ent in the traditional environment of research, such as 
continuity, initiative, and freedom of communication 
and publication, can be maintained. In other words, 
most scientists would give an affirmative answer to tho 
former question provided the answers to the latter 
may be satisfactory. 

Let us remind ourselves at this point that Uncle 
Sam is properly a realist. He may believe in chari¬ 
table donations for some of the people all the time, 
for all the people some of the time, but not for all 
the people all the time. In general he expects to 
pay only for services rendered. Thus the federal gov¬ 
ernment does not provide financial support unless a 
need can be established, and when such, support is 
provided it must he expected to show some return to 
the taxpayer. 

As a quick answer to our first question, then, intel¬ 
ligent support of research should be able to accom¬ 
plish the following: 

1. Raise the productive level of research, with the 
many attendant benefits sure to follow; 
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2. Increase the output of young research men and 
women and thus fill the needs of industry, govern¬ 
ment, and academic institutions. 

But let me turn at once to my second question: 
What may wo expect to be the consequences of ex¬ 
tensive federal support of research! As mentioned 
earlier, I shall consider only the case of support in 
institutions external to the government, and especially 
in nonprofit institutions such as universities, technical 
institutions, and colleges. I shall confine my remarks 
to support given on broad, comprehensive lines, and 
so not mention the support furnished by agencies with 
special fields in view—-as for example the excellent 
work done by such agencies as the Public Health 
Service and the Department of Agriculture. 

In the first place, if we are to be realistic we must 
at once admit that extensive government support of 
research will have consequences beyond the important 
and beneficial ones of stimulating research output and 
supply of future scientists. It is a commonly ob¬ 
served fact that any attempt to change some factor 
in a situation is accompanied by effects other than 
those intended. Indeed experimental science knows 
that it is only by careful planning and painstaking 
attention to techniques that these spurious effects may 
be kept in the background. 

For one tiling, increased support of research in 
universities has been accompanied by an increased 
number of graduate students. What effect will this 
have upon the quality of the doctor’s or graduate 
engineer’s degree? It may be that by increasing 
graduate school enrollments we shall succeed in turn¬ 
ing out no larger number of potential research lead¬ 
ers but shall actually lower the average competence 
of the total output, by dilution and by congestion. 
Perhaps increased demand for trained research men 
and women and for research administrators may to 
some extent justify such a tendency, but the situation 
should be watched. 

Research institutions generally are apprehensive of 
possible dictation or control over their research by a 
supporting agency. The independence of an institu¬ 
tion is threatened if pressure can be applied toward 
the acceptance of undesired work. This may be mini¬ 
mised by the policy of basing support on proposals 
initiated from the institution, by the avoidance of per¬ 
manent construction owned by the supporting agency, „ 
and by a cooperative program of joint support. Tor 
a given institution, any danger of control may be 
balanced to some extent by internal adjustment and 
by the existence of a number of sources of support. 
Objectionable control with respect to progress on 
individual problems can certainly be avoided by in¬ 
telligent management. Nevertheless, even though no 
pressure is intended, it is undeniably true that the 


mere selection of research for support by an outside 
agency is itself a form of control. 

A subtle form of this influence may be expected to 
manifest itself in varying degrees by the tendency of 
an existing research group to perpetuate support from 
the same source, and the attempt of other groups to 
slant their program in the direction of probable areas 
of Support, This tendency should be recognized and 
any instances identified both by the institution and 
by the supporting agency. 

A prospect may exist, especially among universities,' 
which is of more fundamental concern to the cause of 
basic research. As already mentioned, the govern¬ 
ment quite properly invests its money in areas which 
will bring a return to the taxpayer—that is, in ac¬ 
tivities which promote the national welfare or security. 
This implies an emphasis upon short-term tangible 
and practical results, and this is foreign to the nature 
of pure or basic research. Will we therefore see in 
government support a verification of the truth first 
pointed out by Vannevar Bush in “Science—The End¬ 
less Frontier,” that applied research tends to drive out 
basic? This would indeed be tragic. All the ele¬ 
ments that go to make up our high standard of living, 
in fact a very large part of the world's thought find 
progress, have come about through pure or basic re¬ 
search in the broad sense, that is, creative work in 
the arts and sciences. The great discoveries cannot in 
general be predicted nor can they be made to order. 
There is no need to give examples—history is eloquent 
on this score. This is admittedly a troublesome point. 

I believe it must be met by an insistence upon support 
of basic research in its own right. If a practical 
justification is required, let us call it a necessary in¬ 
vestment for the future. It will be dangerous for 
basic research to compete for funds with applied re¬ 
search and development, which can cite probable 
practical accomplishments. This difficulty might be 
handled in the federal budget by general agreement 
that every agency should have a limited sum or a 
limited fraction of its budget set aside for research, 
and that this sum should not require detailed budget 
defense in advance. Instead, the results of the re¬ 
search program should be subject to periodic review. 

A quite different consequence of support of research 
by contract follows from the amount of administra¬ 
tive detail required of the institution and the sup¬ 
porting agency. Many academic institutions, not ac¬ 
customed to this degree of administrative detail, have 
found it advisable to set up a special office and staff 
for research administration, particularly where there 
is a considerable volume of industry-* and government- 
supported research. This is of course an advantage 
in that it takes many administrative ■ 

shoulders of the chief uwestigators and the scientific 
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departments concerned. It is obviously important to 
centralize this function within the institution. The 
growth and strengthening of these administrative 
offices is a consequence of support by contract. How¬ 
ever, there is an aspect of this development which 
may bear watching, namely, the possible tendency of 
a strong administrative office to dominate the research 
program of the institution. In fact, an aggressive 
office is in position to exercise pressure upon the 
research staff of the institution itself. Or it may tend 
to insulate the scientist from his opposite number in 
the supporting agency. 

Another movement, which may l>e related to the one 
just mentioned, is the establishment or the strength¬ 
ening of research institutes or foundations, attached to 
a university but separated to a greater or less degree 
from the academic or educational plant. Such or¬ 
ganizational units have advantages from the stand¬ 
point of handling externally supported contracts and 
of increasing the research business of the institutions. 
They can accept support for applied research or 
development with less fear of upsetting the balance 
between education, basic research, and applied re¬ 
search. They can more readily go in for group re¬ 
search and more extensive programs. To some extent 
they can protect the university from sudden fluctua¬ 
tions in financial support. They can more readily 
accommodate confidential work, cither from industry 
or government. But such a unit may run into rather 
troublesome situations, such as a salary differential 
between its staff and faculty members not connected 
with it. For another thing, if it goes in strongly 
for applied research and development and is ready 
to accept projects upon request, it may come into 
competition with commercial research agencies. This 
competition may be regarded as unfair if the unit 
takes advantage of its nonprofit and tax-exempt status 
to quote lower costs for research or development un¬ 
dertaken. It is of course early to say, but it is pos¬ 
sible that, unless great care is exercised, the advan¬ 
tages gained by this separation of research from edu¬ 
cation may be offset by deterioration in fundamental 
research. 

These are some of the consequences which may be 
anticipated from government support of research. 
They are Of course bound up with the mission of the 
sponsoring agency and also the policy and procedures 
established by this agency. These are to a certain 
extent dictated by governmental limitations, both as 
to allowable procedures and as to mission. In this 
connection, I should like to return to a point men¬ 
tioned earlier, namely, the importance of a govern¬ 
ment agency’s having the authority and opportunity 
to pursue basic research. Let me illustrate by the 

This office 


has as its aim the sponsorship of research for the 
Navy Department. Since the Navy’s mission is na¬ 
tional defense, it is clear that the money spent by 
the department should be directly related to national 
security. Insofar as national security implies scien¬ 
tific strength in the country as a whole there is justi¬ 
fication for wide support of science, provided the 
country’s science is felt to require assistance. This 
was admittedly the case immediately following the war. 
The question then arises whether the department 
should continue to give widespread support to science 
if and when a stage shall have been reached of a 
strong, stable scientific effort in the nation. It is the 
considered judgment of the ONR—and this is fully 
endorsed by its Naval Research Advisory Committee— 
that the Department of the Navy is still justified in 
continuing support of basic research in outside insti¬ 
tutions, provided the level of this operation is defi¬ 
nitely limited and is appropriate to Navy needs. 
The reasons for the interest of the ONR in basic 
research may be expressed as follows; The Navy’s 
interest lies in end results, whether weapons, devices, 
or techniques; very many of such end items have their 
origin in science. Now, progress toward these end 
Reins occurs in the following sequence; basic research, 
applied research, development, test, and production. 
Note that this ch&iu of events begins with basic re¬ 
search. This beginning may be found in scientific 
literature or in current research. 

One of the most promising avenues toward accom¬ 
plishment, then, is to expedite this sequence. Some¬ 
times progress may be held up for lack of basic re¬ 
search; oguin there is apt to be serious delay between 
the basic research stage and that of applied research, 
or between the development and production. The 
ONR conceives as one of its most important functions 
the speeding up of the research end of this sequence. 
Any progress along this road can be an untold asset 
for national security. It should be clear that real 
effectiveness in such a mission can be accomplished 
only when the agency concerned has responsibility 
for support of basic research, for quickly seeing 
promising applications and for assistance in initiat¬ 
ing appropriate action within its department. In 
the long run this job cannot be bandied odequately 
if left entirely to some other agency. This was a 
mistake made by the military establishment prior to 
World War II, It is certainly true that a second¬ 
hand method of providing this service is also second- 
best, and this is hardly justifiable when we are deal¬ 
ing with national security. The case is, in fact, quite 
similar to that of the technical industries, which have 
long recognized the necessity of supporting research. 

It should nothe forgotten that there are areas in 
basic research which are of the greatest importance 
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to a particular agency such as the Department of 
Defense or the Department of Commerce, but where 
no general research agency like a National Science 
Foundation would be expected to provide adequate 
support. In these areas the government department 
can hardly expect adequate and timely support from 
a foundation where the work has to compete with 
the latter’s own mission and with outside requests. 
Furthermore, at any given time specific areas in basic 
research can be identified as bottlenecks to existing 
developmental programs, Again the operating agency 
critically needs authority to pursue these On its own 
initiative. Quite apart from these considerations, it 
is my personal belief that no one should question the 
right of an operating agency to place a limited 
fraction of its.support in extremely pure or funda¬ 
mental research in the major fields of science. This 
appears to me completely justifiable in many ways. 
For example, there is the opportunity of uncovering 
a radically new discovery of significance chiefly to the 
agency, ties are thus established by the agency with 
up-to-date scientific thinking, barriers between science 
in government and outside science are destroyed, the 
morale of scientists at work for the agency is im¬ 
proved, and competition in pure research serves m a 
stimulus. Finally, I believe it is the opinion of most 
scientists that research should never become tho mo¬ 
nopoly of any agency, government or otherwise. 

I have remarked earlier that the government ex¬ 
pects practical results from the support of research, 
and thut in basic research the investigator should be 
as free as possible to work out his ideas. These ideas 
usually have nothing to do with possible application, 
and in fact any practical consequences are generally 
regarded as irrelevant to the investigation. How are 
we to reconcile these apparently opposing points of 
view? The answer is clear. In general, we must 
consider the practical application of ideas from basic 
research to be the responsibility of the supporting 
agency and not that of the investigator. This recog¬ 
nizes a well-known fact that many research men have 
no particular aptitude for applied research or, if they 
have, do not make use of this aptitude except in solv¬ 
ing their own research problems. Thus a research 
investigator may show a high degree of ingenuity in 
devising a piece of his apparatus to perform a special, 
practical function, but be regards this ability as im¬ 
portant only to the accomplishment of his main pur¬ 
pose, the solution of his problem. If his attention to 
his chosen goal is deflected the probability of his mak¬ 
ing a creative contribution is considerably reduced, 
It is the integrated total of such accomplishments that 
form the backbone of true scientific progress. 

On the other hand, the supporting agency should 
choose its staff to indude scientiats of a more prac¬ 


tical turn of mind who by association with the needs 
of the agency ore in the best possible position to spot 
possible applications and to carry them forward in 
the hands of the proper group in their department. 
If this policy is followed, there should be minimum 
difficulty in insuring proper environment for the 
sponsored research and, at the same time, satisfactory 
outjflit of practical suggestions. What is more, the 
tendency toward improper pressure on the research 
worker or his institution is eased thereby. 

In order to arrive at adequate safeguards to insure 
reasonably effective operation of (external research 
programs supported by a government agency, it may 
be profitable, at least for purposes of discussion, to 
attempt to lay down a few guiding principles. I 
propose the following: 

1. In selection of items for support, emphasis 
should be placed upon the field of interest of the 
agency and upon the caliber of the investigator, with 
final selection made from specific problems proposed 
by interested research scientists and accompanied by 
endorsement of their institutions. 

2. Every effort should be made to insure that the 
working conditions are appropriate to research. 
These mean freedom in performance of research and 
freedom to publish and to exchange information with 
colleagues. 

3. Administrative details should be handled as fully 
as possible by tho respective administrative staffs of 
the institution and the supporting agency. However, 
the initial arrangements and any subsequent changes 
should' be reviewed by the interested scientists on both 
sides. 

4. The supporting agency should possess a scientific 
staff with full authority regarding approval of re¬ 
search projects and it should have committees of ex¬ 
perts to guide it in formulation of its program. 

5. The scientific staff of the supporting sgency 
should be composed of scientists with research experi¬ 
ence who know from personal background the condi¬ 
tions that should be maintained. This staff should be 
competent to discuss the work intelligently and inti¬ 
mately with the working research groups. It should 
also be competent administratively and organization- 
wise to deal effectively with administrative and service 
units in the agency and also with other agencies with 
which the work should be coordinated. 

While the success of any plan for government sup¬ 
port of research obviously depends on the adminis¬ 
tration of the supporting agency, it must at all times 
be remembered that no charter, no administrative 
setup, and no staff can succeed in this relatively un¬ 
chartered area without full cooperation from the in¬ 
stitutions supported. It is impossible to solve many 
questions on a unilateral basis. A common misap- 
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prehension is that administrative questions arising 
in a research program may be solved apart from sci¬ 
entific matters or vice versa. In point of fact, the 
two are apt to be inextricably mingled. In the ne¬ 
gotiation and administration of supported research 
there are and should be four groups involved: the 
research group at the institution, the scientific staff of 
the agency, and the administrative offices of both the 
institution and the agency. It is also desirable that 
the policy of the supporting agency be flexible enough 
to adjust to the policy of the institution, within limits. 


Above all, I wish to emphasize the great importance 
of a cooperative interest on the part of the research 
investigators in the program supported by the gov¬ 
ernment agency. This cooperation should be kept 
extremely close, in order that the agency may meet 
or even anticipate the needs of the research group, 
and in order that it may plan effectively. A success¬ 
fully organized program should have the weight of 
approval of all its constituents. If this is achieved, 
government support of research will be abundantly 
justified. 


Technical Papers 


Fluorometric Determination of 
Serum Aureomycin Levels 

John C. Seed and Catherine £. Wilton 1 

Medical Division> Army Chemical Center , Maryland 

In view of the difficulties associated with the bactorio* 
logic assay of serum aureomycin concentrations, a method 
was developed of determining these concentrations by 
adsorbing the aureomycin on small columns of silica gel 
and observing the yellow fluorescence at the top of the 
column. A fluorometric method of measuring high con¬ 
centrations of aureomycin has been reported by Kelsey 
and Goldman (I), but their procedure is not applicable 
to determining the low concentrations found in clinical 
material. 

It was observed that aureomycin had an intense yellow 
fluorescence in an acid or neutral medium and that after 
several minutes in an alkaline medium it began to be 
altered to a compound with a blue fluorescence. Inas¬ 
much as yellow fluorescing compounds are a great deal 
more uncommon in body fluids and among medications 
than blue fluorescing compounds, it was felt that a test 
depending on yellow fluorescence would be loss subject to 
interference than one depending on bhie fluorescence. 
Hence, only neutral solutions wore used. 

Two-hundred-mesh activated silica gel (Davison) was 
backwashed with distilled water at 100 ml/min on a. 
column 60 mm x 1 m for 3 hr. This removed the very 
small particles and gave a suspension of particles of fairly 
uniform size. To a 20-cm length of 6-ntm glass tubing 
constricted at one end and packed with glass wool, there 
was added, by means of ti capillary pipette, enough of a 
slurry of the prepared silica gel to form a packed column 
3 cm long. Packing was achieved by repeated tapping of 
the column until no further settling Occurred, One ml 
of eerum containing aureomycin was allowed to Alter 

•The authors wish to thank Dr. Eleanor Bliss, of The 
Johns Hopkins Medical School, for her stimulating sugges¬ 
tions and encouragement 


through the silica gel column without vacuum or pressure 
being applied. The serum was followed by 1 ml of iso¬ 
tonic saline and 1 ml of 95 or 100% ethyl alcohol. The 
saline served to wash out the serum, and the alcohol 
intensified the fluorescence. At no time was the surface 
of tho silica gel column allowed to dry out or be mechan¬ 
ically disturbed by the addition of fluids. Standards 
were prepared, in tho same manner, with sera to which 
20, 10, C, 3, 2, 1, 0.5, 0.2, and 0.1 j^g of uureomycin 
hydrochloride* had been added. The aureomycin was di¬ 
luted to the appropriate concentration in distilled water 
and 0.1 ml of the dilution added to 0.9 ml of serum. 
The unknowns were visually compared to the standards, 
after dark adaptation, in a darkened room with the 
focused light from an 86-watt argon-mercury lamp filtered 
to remove all wavelengths above 400 mp. The fluorescence 
appeared at tho top of the column os a yellow band, which 
varied in width and intensity according to the concentra¬ 
tion of aureomycin. Standards must be prepared every 
day or two, since the fluorescent color tends to fade. The 
success of this procedure depends in large moasure on ob¬ 
taining uniform silica gel particles and in uniformly pack¬ 
ing these particles into a column free of bubbles. 

Tho procedure may be modified to determine aureo¬ 
mycin in urine, apinal fluid, and other media. These 
modifications and the preparation of permanent stand¬ 
ards will be reported elsewhere. 

The fluorometric test was checked against bacteriolog- 
ically determined levels on two healthy subjects who took, 
respectively, 9.3 and 10.4 mg/kg of aureomycin orally, 
and on patients who had received a single intravenous 
dose of aureomycin. The results are recorded in Table 1. 

A test for interfering substances was made by adding 
aureomycin to the sera 8 of patients receiving other modi- 

* The aureomycin hydrochloride used in these experiments 
was supplied by the Lederle Laboratories Division of Ameri¬ 
can Cyanamld Company, through the Antibiotics Study Sec¬ 
tion of the National Institutes of Health. 

• These sera were obtained through the kind cooperation 
of the members of the House Staff of The Johns Hopkins 
Hospital. 
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cation*. Patients with jaundice, cirrhosis of the liver, 
leukemia, arteriosclerosis, rheumatic fever, acute pneu¬ 
monia, and other conditions were included in this test. 

TABLE 1 

A COMPARISON OP FIjCOROMETRIO AM* BaOTKRIOLOGIC 
Methods or Dktbrminino Skrum Aobbomvcin 
C o N CB NTR a T 1 0 N H 


I’tttient 


Aureomycin 
d oh age 


Time 

nfler 

adtulnts' 

terlnK 

dmgage 


Pluoro- Bncterl 

metric ologie 

levels levels 

MK/tul ug/ml 


c, w. 

9.3 mg/kg 

Control* 

0 

0 


orally 

1 hr 

1 

0 



2 hr 

4 

2.5 



4 hr 

n 

2.5 



0 hr 

4 

1.25 



8 hr 

8 

1.25 



12 hr 

1 

0.3 



24 hr 

0.2 

0 

.T. W. 

30,4 mg/k g 

Control* 

0 

0 


orally 

1 hr 

1.3 

0 



2 hr 

1.7 

0 



4 hr 

3 

2.5 



0 hr 

2 

1.25 



8 hr 

3 

1.25 



24 hr 

0.5 

O 

W. 

200 mg 

Control* 

O 

Of 


I, V. 

75 min 

3 

2t 

R. 

200 mg 

Control 

0 

ot 


1* v. 

80 min 

2 

0.5t 

R. W. 

1 

75 min 

1 

It 


I. V. 




B. R. 

7 

30 min 

1 

0,5t 

M. W. 

200 mg 

Control* 

0 

Of 


I. V. 

5 mlu 

36 

lot 



16 min 

3 

1.23t 



30 min 

3 

It 



00 min 

2.5 

It 

* Control 

tests were 

performed on 

patient's 

sera before 


aureomycin dosage. 

f These bacteriological levels were performed by Dr. Caro- 
line A. Chandler of The Johns Hopkins Medical School. 


They had received a variety of medications including sulfa 
drugs, penicillin, dicumarol, salicylates, and vitamins. In 
addition, streptomycin and chloramphenicol wore each ad¬ 
ded to a serum containing aureomycin. In no case whs 
anything found which interfered with the fluorometric 
test. 

In the few determinations reported, there is a general 
correlation between the fluorometric and bacteriological 
assays. The fluorometric test appears to give slightly 
higher readings than the bacteriologic test. This sug¬ 
gests that the fluorometric tost is measuring not only 
aureomycin but, in addition, something which is closely 
allied to and associated with aureomycin and which is 
bacteriologically inactive. Efforts are being made to 
define further the accuracy of the fluorometric test. 

Reference 

1. KftiAst, A. and Goldman, L. J. din. Inverts 1849, 
89 , 1048. 


Preparation of C 14 Uniformly Labeled 
Fructose by Means of Photosynthesis 
and Paper Chromatography 1 


Sidney Udenfriend and Martin Gibbs 

Department of Biochemistry, Washington University 
Medical School , Sf. Louis, and Biology Department, 
Brookhaven National Laboratory , Upton, New York 

The common carbohydrates, glucose, fructose, sucrose, 
and starch have been laboied with <jp u by allowing leaves 
to photosynthesize in the presence of C u O a . However, 
only glucose, sucrose, and starch have been prepared 
with sufficient purity and activity to permit their use 
in tracer experiments. Fructose has not been available 
for tracer work because of the difficulty in separating 
it from glucose following sucrose hydrolysis. Putman 
et al. (£) used the calcium-fructose complex methods as 
described by Bates and associates (f). This method has 
two disadvantages: large amounts of carrier fructose are 
added, yielding a product of very low specific activity; 
and the fructose still contains appreciable amounts of 
glucose. 

Recently Partridge ( 4 ) applied paper chromatography 
to the qualitative analysis of reducing sugars. The sepa¬ 
ration of glucose from fructose on a one-dimensional 
chromatogram using phenol as the solvent is very good 
(R f glucose -0.39, R, fructose -0.51). A l*in. strip of 
paper can be used to separate us much as 0.3 mg of fruc¬ 
tose from a similar amount of glucose. By using several 
strips of paper, we have prepared in very pure form mil¬ 
ligram amounts of highly active fructose. 

After four trifoliate bean leaves had been alio wed to 
photosynthesis in the presence of 2.8 me of C l< 0 8 (£), 
they were killed in hot 80% alcohol. This alcohol ex¬ 
tract contains sucrose, glucose, and fructose as well as 
other alcohol-soluble substances. After ether extraction 
and passage through ion exchange columns (Amberlite 
100-II and Uuolite A-4) to remove polar compounds, 
H a 80, was added to make the solution 1 N and it was 
kept at 80° 0 for 10 min. After hydrolysis, the sample 
was again passed through the ion exchange columns to 
remove the acid. Most of the glucose was crystallised 
from the mixture by the addition of carrier glucose fol¬ 
lowed by the addition of alcohol. 

To separate the fructose from the glucose still remain¬ 
ing in the mother liquor, 75 chromatograms (14 x 1.5-in. 
strips of Whatman No. 1 filter paper) woro set up with 
0.1-0.3 mg of sugar per strip. After development with 
phenol, the strips were air-dried and placed on x-ray 
plates (Eastman Typo E). It is evident from Fig. 1 
that a radioautograph of each* strip is necessary, since 
the bands are not always in the same position* In about 
2 hr the radioautographa were dark enough to permit 
tracing of the outline* of the bands onto the chromato¬ 
grams. The outlined fructose bands were cut out and 
pooled, giving a total of about 2 g of filter paper. About 

1 Research carried out at Brookhaven National Laboratory 
under the auspices of the Atomic Energy Commission* 
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Fnj. X. Kmlioautojfrapli of chromatogram of glucose and 
fructose. 


10 mg of fructose was eluted from the paper by boiling 
the paper with 80% alcohol, followed by Soxhlet extrac¬ 
tion for 5 hr. The alcohol was removed by vacuum dis¬ 
tillation, water being added from time to time. The 
tujUPOUB solution was extracted with ether to remove 
traces of phenol. To remove other impurities, the solu¬ 
tion was passed through ion exchange columns (Ambor- 
lite 100-H and Duolite A-4) with 30 mg of carrier fruc¬ 
tose added. Tho resultant solution (about 300 ml) wns 
concentrated at 35° C to a small volume and finally 
concentrated to a syrup in a vacuum oven at 35* C. 

Tho syrup was crystallized as described by Putman 
et dl. (&). Thirty mg of fructose was added during the 
crystallization. Since the amount of fructose was small, 
it was found convenient to carry out the crystallization 
steps in a centrifuge tube and to collect the fructose by 
centrifuging in a refrigerated centrifuge. The purity 
of the fructose was determined by paper chromatography, 
using as solvent butanol and water saturated with propi* 
onic acid (£). Only one band was found. Tho final 
product had a specific activity of 1.2 me /mg of fructose, 
A portion of the fructose was degraded by the micros 
biological method of Wood, Lifson, and Lorber (5) and 
found to be uniformly labeled. 

Many groups of compounds other than sugars—for 
example, amino acids, peptides* and carboxylic acids—- 
can be subjected to chromatography on paper in milli¬ 
gram quantities* This large capacity and the simplicity 
of the technique make paper chromatography valuable 
for the isolation of such compounds as well as for their 
assay. 

ftsforsneas 

l. Baum, F. J . ei al. Not, Bur, Stand Gin,, 1943, 440, 400. 
3. Calvin, M, and Benson, A. A. defence, 1940, 109, 140. 


3. Gibus, M,, DmntosK. It,, and Achbr, F. Bioohemical 

preparations, New York : John Wiley, in press. 

4. Partridge, 8. M. Nature, bond., 1940, 188, 270. 

0. Putman, E. W. et al. J. biol, Ghem., 1948, 178, 785. 
f*. Wood, H. G., LumoN, N„ and Lohbeu, V. J. Mol. Ghem., 
1045, 159, 475, 

A Megalonyx Tooth from the Northwest 
Territories, Canada 

Chester Stock end Horace G. Richards 

California Institute of Technology, Pasadena and 
Academy of Natural Sciences, Philadelphia 

Among a miscellaneous collection of fossils submitted 
by Galen B. Smith to the junior author for identification, 
there was one specimen which deserves special attention* 
It was a tooth of a ground sloth, and according to Mr. 
Smith was obtained at Lower Carp Lake, north of Great 
Slave Lake in the Yellowknife region. 1 It was associated 
with fragments of a mastodon tooth. The specimen 
was sent to the senior author for detailed study. 

The tooth (No. 15208, Academy of Natural Sciences, 
Philadelphia—Fig. la,b), is like the second lower cheek 
tooth of Megalonyx in shape and straightness of crown. 
It also resembles in cross section the second upper cheek 
tooth in this genus. While the wearing surface of the 



Fio. 1 . Nepalonyx <rf. Jeffereonti (Desmarest). bower 
cheek tooth, No, 15208 Academy of Natural Sciences, Phila¬ 
delphia. (a) Occlusal view ; (b) anterior (?) view. Nat¬ 
ural size. Pleistocene, Yellowknife region, Northwest Terri¬ 
tory, Canada. 

tooth is somewhat abraded, the features which result di¬ 
rectly from its occlusion with opposing teeth can be ob- 

V68* 35' N j 114* W W. See Roe Sheet <85 NW-NB) 
National Topographic Series of Canada* 
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served, and these are similar to the characters noted in 
the second lower cheek tooth. The specimen resembles, 
but may be slightly smaller than, the comparable tooth of 
Moff atony % jeffersonii. Dimensions, in mm, of the Acad¬ 
emy of Natural Science’s No. 15208 are: transverse diam 
25.9; anteroposterior diam 17.7. 

Interest in the specimen arises largely from its oc¬ 
currence so far north on the American continent. In 
1942, Stock (£) reported the occurrence of a ground 
sloth at a locality 15 miles southwest of Fairbanks, 
Alaska. This identification was based on a phalanx, rep¬ 
resenting apparently a species of Megalonyx, The tooth 
from north of Great Slave Lake is the second occurrence 
of the ground sloth Megalonyx to be noted in the north¬ 
western region of North America, but the locality is con¬ 
siderably east of Fairbanks, Alaska. 

The Yellowknife specimen is undoubtedly of Pleisto¬ 
cene Age, although its exact position within the Pleisto¬ 
cene is uncertain. It is perhaps not surprising to find 
the genus ranging this far north during Pleistocene time, 
in view of its usual association with forest faunas. 
The Yellowknife and Fairbanks specimens are the only 
two records of a ground sloth north of the United States- 
Canadian boundary. These specimens may date from 
the warm phase of postglacial time, or they may be 
older and date from an interglacial stage. An inter¬ 
glacial age of some of the Quaternary mammals from 
Alaska has been suggested by Johnston (1). 

Reference! 

1. Johnston. W. A. In The American abotioinece. J«m- 

ness, Diamond (ed.). Toronto: Univ. of Toronto 
Press, 1083, Pp. 34. 

2. Stock, C, Scenes, 1042, 95, 552. 

Infrared Spectrometry of Small Samples 
with the Reflecting Microscope 

R. C. Cora 1 

Stamford Research Laboratories, 

American Cyanamid Company, Stamford , Connecticut 

It has been shown (1) that the usefulness of infrared 
spectrometry may be extended through the application of 
the Burch (8) reflecting microscope. As this microscope 
is a custom-built instrument available only at Oxford, we 
investigated the possibility of using American reflecting 
microscopes in connection with infrared spectrometry. 

The Bauech and Lomb Optical Company’s Grey design 
Type V apochromatiC reflecting microscope condenser and - 
Objective of 0.72 NA ($) were placed at our disposal, 
through the courtesy of Mr. L. V. Foster of that com¬ 
pany, for tests in the infrared region of the spectrum. 
From the standpoint of infrared spectrometry these units 
are not as useful as totally reflecting systems because of 
their Ignited frequency range (from the ultraviolet to 

l The author wishes to acknowledge the Interest and help 
at D*. T. -0. Eocbow and Mr. B. J. Thomas of the Micro- 
socpleal Departmeut of the Stamford Research Laboratories. 


2500 cm -1 ) imposed by the inclusion of refractive and in¬ 
frared absorptive elements. It was possible, however,* 
to obtain infrared spectra from the visible region to the 
carbon dioxide absorption near 2400 cm**, using samples 
of microscopic size. 



The promise shown by this study made it desirable to 
investigate the utility of the Bausclv and Lomb Grey 
design, Type IV, 0.4 NA condenser and objectives (J). 
This design includes only reflecting elements. One model 
existed at the time of this investigation, and it was owned 
and operated by the Polaroid Corporation; its loan was 
made possible through the great courtesy of Dr. E. R, 
Blout of the Research Laboratories of that company and 
Prof. J3. G. Rochow of Harvard, who kindly and carefully 
transported the microscope to and from Stamford. 

It was not possible to introduce obvious optical refine¬ 
ments into the system because of the shortness of the 
time of trial, so the microscope was added to the optical 
system of a Perkin-Elmer model 12B infrared spectrom¬ 
eter, as shown in Fig, 1. An auxiliary Globar source col¬ 
lected the radiation and focused it into the reflecting 
condensing system. The focused radiation, after passage 
through the sample, was collected by the objective. The 
condenser and objective were mounted on a standard 
microscope which had been turned on its back. Any 
microscope equipped with a swinging stand for horizontal 
photography, or the Bauech and Lomb Type DDE, could 
be used (if the large reflecting optics would fit). The 
radiation emerging from the draw tube, without the use 
of an ocular system, was collected by the first spheroidal 
mirror of the spectrometer. This mirror then focused 
the enlarged image of the specimen onto the entrance 
slit. The physical dimensions were adjusted &o that the 
diameter of this image was equal to the length of the slit. 

The portion of the image of the specimen subtended by 
the entrance slit could be controlled by adjustment of the 
specimen on the mechanical stage of the microscope. The 
sample could be suspended in mineral oil on a rook skit 
plate or between plates, aeeorddng to the customary in¬ 
frared technique, placed in solution, or attached to a 
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Stretched fine wire by lightly greasing the wire with 
mineral oil. From the weight of a crystal suspended 
on the wire, the area of the specimen image on the slit, 


REFLECTING MICROSCOPE INFRARED SPECTRA 



and the area of the slit it was possible to estimate the 
mass of the sample under observation. Inasmuch as the 
slit width must be increased as the wavelength is in¬ 
creased because of the black-body characteristics of the 
radiation source, the estimated mass of an observed 
sample varied from 0.3 \j,g at 4,000 cm' 1 to 3 pg at 650 
cm -1 . 

A portion of the spectrometer recordings on macro and 
micro size samples of sodium benzyl penicillin are shown 
in Fig. 2. The effect on resolution of the wider-than- 
usual slit widths necessary with the microscope is observ¬ 
able near 2400 and 1325 cm' 1 . The micro sample record¬ 
ing was made with an amplification of the thermocouple 
output such that 0,3 pv gave a full-scale deflection of the 
Brown recorder. More careful adjustment of the optical 
system should enable the use of smaller slit widths and 
less amplification. 

It is obvious that the use of such totally reflecting 
microscope systems in connection with infrared spectrom¬ 
eters should permit large reductions in sample size with 
attendant increased applications in the biological and 
crystal structure fields. 

References 
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A Method for the Study of Blood 
Loss in Hookworm Infestation 3 

P. F. Hahn and Edward P. Offutt 

Department* of Pathology and Bacteriology, 

University of Rochester School of Medici** 
and Dentistry , Rochester, New York 

Leichtenstern (7) pointed out in 1886 that the hook¬ 
worm ( Ancylortoma duodmale) was an avid consumer of 
blood. In 1909 Whipple (#) made the same observation 
in this species as well as in Necator americanu a. In 1981 
Wells (8) reported a series of observations involving 
Aricylostoina caninutn while the parasites were attached 
to the intestinal mucosa of living dogs indicating, with¬ 
out a doubt, that this parasite was able to withdraw 
enough blood per day to account for the anemia often 
found associated with hookworm infestation. Work done 
by Cruz in Brazil, and by Rhoads and Castle and their 
automates in Puerto Rico has materially contributed to 
our knowledge of this parasitic disease. Wells {8) states 
that there is a possibility that a single worm may with¬ 
draw as much as 0.8 ml of blood in 24 hr but that there 
is apparently a considerable amount of variation in the 
activity of individual worms. 

We present here a pair of preliminary studies of the 
average rate of blood loss in moderately infested dogs. 
These studies were carried out in order to determine the 
feasibility of the method of approach used, with the 
intention of extending it to a study of human hookworm 
infestation at a later date. 

Two healthy adult mongrel dogs, 2 : G and 1-J, were used 
in these studies. They had both been kept at an anemic 
lovel of blood hemoglobin for many months by frequent 
controlled hemorrhages and their reserve stores of iron 
were therefore depleted. At the time of application of 
the larvae the dogs* red cell hematocrits were 24% and 
25%, respectively. About 2,000 infective larvae of 
Anoylostoma caninum suspended in saline were applied to 
each animal, contact being made between the toes and 
on the groin, where the body hair was sparse. The 
animals were fed a diet consisting of white bread, Klim, 
salmon, and cod liver oil in order to restrict iron intake 
(6), and were housed in cages with perforated metal 
floors. After a period of 5-6 weeks several examinations 
of feces showed numerous ova of the parasite. One of 
the dogs, 1-J, earlier had severe diarrhea, accompanied 
by the excretion of a moderate amount of mucus and red 
blood. 

Four weeks following application of the larvae each 
animal received by vein 100 ml of blood from a donor 
dog. This latter animal had previously been fed large 
quantities of radioactive iron while anemic in order to 
build up red cells containing tagged iron in the hemo¬ 
globin iron (S ). Immediately after, the diet was again 
allowed to consist of hospital table scraps so there was no 
exogenous deficiency of iron. 

1 This work ..was- supported by a grant from the Nutrition 
Foundation. 
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Blood was collected in isotonic sodium oxalate and 
centrifuged at about 2,800 rpm iu a type 2 International 
centrifuge for 35 min. The plasma was decanted and 
discarded. The red cells were wet ached and their con¬ 
tained iron was separated by precipitation, electroplated, 
and examined for radioactivity content (#). Correction 
was made for decay of the isotope and for removal of the 
tagged iron by blood sampling as described elsewhere (4). 

When administered by mouth to an anemic iron-depleted 
dog, the radioactive isotope of iron will in part be ab¬ 
sorbed and this fraction will be incorporated for the most 
part in the red blood cell hemoglobin, very little being 
stored in other tissues. The level of the tagged Iron in 
the red cells remains quite constant over many months, 
provided there is no loss by bleeding (4), If there is 
destruction of cells duo to aging or hemolysis, the liber¬ 
ated iron is promptly reutilized to form new hemoglobin 
with the restoration of the original level of isotope in the 
circulating red cells (4). When the red cell isotope levels 
of the two dogs infested with hookworm were plotted 
they showed a regular drop, which appeared to be loga¬ 
rithmic. Plotted on semilogaiithmie paper, this was 
borne out in the case of Dog 1-J. However, with Dog 
2-0 there seemed to be two periods in which the rate of 
blood loss was somewhat different. 

In order to determine the rate of blood loss from the 
curves we may set up the following relations. For "the 
sake of simplicity we shall consider only the part of the 
isotope curve which corresponds to the period where the 
hematocrit level was reasonably constant. It has been 
pointed out that under conditions allowing sufficient time 
for establishment of equilibrium in the circulation, the 
red cell mass is approximately a linear function of the 
jugular hematocrit (3), During the time in which there 
was no marked change in tho hematocrit level, there was 
a nearly constant red cell mass in the circulation. Thus 
the rate of regeneration of red cells approximately 
equaled the rate at which they were lost to the circulation 
by the blood-sucking activities of the Ancylostoma . This 
may be expressed: 

dv -—► y — —» dv 

where v is the increment of red cell mass regenerated or 
lost in mi, N is the amount of radioactivity expressed in 
cpm, and F is the mass of red cells in the animal’s circu¬ 
lation. Then 

dN=N/r-#v 

Transposing and integrating betwoen proper limits: 

ri) 

dN/N^l/r f dv 
No 

JV v 

or la y (provided there is perfect mixing, which we 

are justified in assuming because of the time relations 
involved in the experiment). Since the concentration of 
radioactivity in the red eoQs is sfaown by 

■ ■ . C=?W/F' , ' ; * 


If wo take v = F, then N/N 0 - 1/e =: 0.37, i.e., if outflow 
equals the original red cell mass, the isotope concentration 
is 37% of its original value. 

Applying this to the data on Dog 1-J we find that the 
initial activity was 2,000 cpm/100 ml of red cells. Then 
0.37*# = 740 cpm/100 ml red cells. This value for iso¬ 
tope level was found after 27 days. Applying the same 
procedure to Dog 2-G, we find the red cell mass equivalent 
to that originally present was lost in 16 days. 

Based on body weight and hematoerjts (5), these dogs 
had estimated red cell masses of 250 ml (2-G) and 275 
ml (1-J). Roughly, this would indicate total blood vol¬ 
umes of about 1 1 each. The data indicate that it re¬ 
quired only 16 to 27 days for the loss of this amount 
of blood in these animals due to the proclivities of the 
hookworm, the animals at the same time maintaining rela¬ 
tively constant hematocrits. This rate of blood loss and 
regeneration is compatible in each case with the approxi¬ 
mate amounts of blood it was found necessary to remove 
from these animals in order to maintain fairly constant 
hematocrits in similar periods of study prior to these 
experiments. 

Loss of blood through hemorrhage by any route also 
-lends itself to study by this method. It would per ha ps 
be more direct and accurate to measure the radioactive 
iron in the excreta in this and any other similar typo of 
investigation, but this is sometimes not convenient. Such 
direct measurements would not be subject to the diffi¬ 
culties encountered in total iron analyses, since the pres¬ 
ence of interfering materials in chemical analyses may 1>© 
eliminated in making the radioactivity determinations. 

The use of donor tagged red cells might bo questioned 
since their introduction has been used to study the sur¬ 
vival time of red cells in hosts. However, in the rela¬ 
tively iron-free anemic dog, when the red cells disintegrate 
due to age or trauma, the liberated tagged iron is very 
rnpidly reincorporated into new cells without grossly 
affecting the level of the isotope in the red cells (4). The 
inconvenience of preparation of such donor animals may 
be obviated by feeding a single dose of tagged iron to 
the infested subjeet and allowing that part which is ab¬ 
sorbed to be synthesized by the body into hemoglobin. 
This method would lend itself to studies of human hook¬ 
worms, especially where it was inconvenient to prepare 
donors. It would only require in addition to the described 
method that one wait until the isotope had reached a 
constant value In the peripheral circulation, or about 10 
days. 

Counts were made of ova in these dog’s feces on several 
occasions, but it was felt that the relative variability in 
the degree of hydration of the stools rendered it im¬ 
probable that; a reliable estimate of the true Worm burden 
was made by using these counts. 

However, If the extent of blood loss wefre followed, 
employing the method hereln described, for a definite 
period of time, and a vermifuge were then administered 
and the recovered worm# counted, one might determine 
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an average value for the amount of blood consumed per 
day per recovered worm. Thus: 

Let E 5= total radioactivity in excreta. 

C = concentration of radioactivity in red colls. 

W - total worms. 

D t; total days. 

L - ( ATCra g° of re£ l cells \ 

\ worm / 

Then 
L _ 

^ c Hr S' 

The fact that very little iron derived from red blood 
cell hemoglobin is normally excreted in feces would prob¬ 
ably make it unnecessary to correct this formula by a 
determination of the base line fecal iron output after 
vermifugation. 
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25+ 2° C. At the end of the two-week period the ani¬ 
mals were sacrificed, and their livers were examined 
chemically and histologically* 

As might be expected, the fat Content of the livers 
of tiie control group was high, averaging 24,8 ±4.90% 
(total lipid expressed as % of wet weight). The aver¬ 
age value found in the group maintained at 2.5° 0 was 
7,2 ±1,24%. The average weight of the livers was ap¬ 
proximately the same, but the weights of dry fat-free 
residues of tho livers of rats kept in the cold environment 
were significantly higher than those of the control group. 
Although rats in the cold room ate more (average 22 
g/day) than the controls kept at room temperature (aver¬ 
age 15 g/day), their increase in body weight was less 
(average 1.3 g/day) than that of the control group 
(average 3.5 g/day). 

The prevention of excessive deposition of fat in the 
liver in spite of increased consumption of a severely 
hypolipotropic diet would seem to be associated with the 
greatly increased total metabolic rate. The results of 
further study of this finding may throw light on the 
mechanism of action of choline, and perhaps on inter¬ 
mediary metabolic pathways which may be affected by 
exposure to a cold environment. 

Films from Hemicellulose Acetates 1 


Prevention of Dietary Fatty Livers by 
Exposure to a Cold Environment 1 

E. A. Salieri and Rosemary Wen You 

Department of Physiology , University of Toronto , 

Toronto , Canada 

In studies of the lesions which develop duo to a defi¬ 
ciency of the lipotropic factors, it has been shown on 
numerous occasions that the development of fatty livers 
or of hemorrhagic kidneys is closely linked to caloric 
intake and to metabolic requirements. Severe lesions 
are more easily produced when growth is rapid and when 
food intake is high. Inanition may protect the liver and 
kidneys of an animal subsisting on a deficient diet, In 
an environment one or two degrees above freezing, the 
caloric requirement is increased greatly, as indicated 
by increased oxygen consumption and increased food 
intake. When rats weighing more than 150 g are ex¬ 
posed to such an environment they usually survive and 
some growth occurs, but at a slower rate than normal. 

Two groups of ten male rats (Wistar strain), bred 
locally and weighing from 170 to 200 g, were given a 
diet ad libitum which permitted good growth but was 
deficient in choline and its precursors. One group was 
exposed to a temperature of 2.5 + 1° 0 for a period of 
two weeks, while the other was maintained for the same 
period under similar conditions but at a temperature of 


Charles L, Smart and Roy L. Whistler 
Department of Agricultural Chemistry , 

Purdue University , Lafayette , Indiana 

Up to the present time, cellulose has been the only 
plant polysaccharide which has been acetylated for the 
production of commercial films and fibers. Commercially, 
hemicelluloses are separated from their natural mixture 
with cellulose and are regarded as undesirable impurities 
in pulp destined for esterification* Yet tho major pro¬ 
portion of the hemicellulose mixture present in plants 
consists of xylan, a linear polysaccharide which should 
produce strong films. Consequently, an investigation was 
undertaken to obtain further information on the film- 
forming characteristics of hemicellulose acetates* 

The hemicelluloses are sometimes isolated from crude 
plant material by extraction with alkaline solutions. 
However, Hgniu interferes, not only because it retards 
complete solution of the hemicelluloses, but also because 
some of it dissolves in the extract, causing difficulty in pu¬ 
rifying hemicelluloses. These disadvantages are avoided 
largely through selective removal of lignin with a maxi¬ 
mum retention of unchanged polysaccharides. Such de- 
liguified pulps are termed holocellulose (5). 

The corncob is a typical example of hemicellulose-rich 
material. Approximately 80% of the corncob consists of 
polysaccharide material, one-half of, which is cellulose, 
whereas the remainder is made up of a mixture of hemi- 
celluloses. Tire entire polysaccharide mixture or holo¬ 
cellulose can be prepared by a modification (£) of the 


* These experiments form part of a project supported by a 
grant from the Defence Research Board of Canada. We are 
Indebted to Prof. C. H. ©est for hto continued Interest, and * Contribution by department of Agricultural Chemistry, 
to Drs. Jeesle Bidout and Jean Patterson for the estimations Purdue University Agricultural Experiment Station* Journal 
btjfrer llplfti. ' Paper No* 401, 
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usual sodium chlorite procedure (5). Practically all of 
the hemioelluloses may be removed from holocellulose by 
extraction with a 10% solution of NaOH. Analyses 
indicate that the residue is almost pure a-cellulose. 

Neutralization of the alkaline hemicellulose solution 
causes precipitation of the higher molecular weight poly¬ 
saccharides and leaves in solution most of the glycuronans 
and polysaccharides of comparatively low molecular 
weight. The precipitated material is called hemicellulose 
A. Most of the soluble material remaining in the neutral 
solution is precipitated by the addition of two volumes 
Of alcohol and is called hemicellulose B (£). 

pesulte in this laboratory show that practically all of 
hemicellulose A consists of xylan. The mixture contains 
only 3% of combined hexuronie acid anhydride. Hemi- 
cellulose A, 25% of the total holocellulose, can be esteri- 
fied with acetic anhydride in the presence of 0.25% of 
nitric acid ( 4 ) 'to produce a white fibrous acetate con¬ 
taining 38.6% of acetyl groups (calculated for diacetyl 
xylan, 39.8%). The acetate is soluble in dioxane, 
pyridine, or in a chloroform-methanol 9: 1 mixture. 
When the acetate is cast from any of these solvents, 
clear films are produced which show an average tensile 
strength of 7.2 kg/mm 1 when measured on a Scott IP-4 
inclined-plane serigraph. Films from commercial cellu¬ 
lose triacetate, when prepared in a similar manner, have 
a tensile strength of 8.6 kg/mm*. Films cast from solu¬ 
tions of mixtures of hemicellulose A acetate and cellulose 
triacetate are clear and strong provided that incorpora¬ 
tion of hemicellulose A acetate does not exceed 50%. 
Larger amounts of hemioeUulose A acetate produce 
cloudy films. 

Hemicellulose B, 6% of which is glycuronan material, 
may be esterified easily by a mixture of acetic anhydride 
and pyridine, provided that it is first swelled in forma- 
mide (J). The resulting acetate is a light brown, pow¬ 
dery material having an acetyl content of 35.0%. When 
cast from a chloroform solution, it produces clear films 
having a tensile strength of 7.5 kg/mm*. While films 
can be produced by mixing hemicellulose B acetate with 
either cellulose acetate or hemicellulose A acetate, they 
are all cloudy, indicating the immiscibility of hemiceUu- 
lose B acetate with either of the other two acetates. 

These results show that the presence of hemiceUulose A 
acetates does not have an adverse effect on the production 
of clear films of high quality. It is only the heraicellu- 
lose H acetates and possibly other low molecular weight 
polysaccharides that are responsible for cloudy films. 
The hemiceUulose B fraction is present in most plant 
tissues in small quantities only. It represents approxi¬ 
mately 10% of corncob holocellulose. It may be easily 
aud completely removed through short extraction with 
alkaline solutions of 1-2% concentration. The residue 
obtained from corncob holocellulose after such an extrac¬ 
tion may be acetylated and east into good films. 

These observations suggest the desirability of revising 
pulping techniques in order to retain more of the higher 
molecular weight hemiceUulose fraction and thereby per¬ 
mit the use of these hemicetyulosea, which are now dis¬ 
carded in commercial practice. . 
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A Possible Explanation of Symptom Forma¬ 
tion in Tobacco with Frenching and 
Mineral Deficiencies 

Robert A* Stoinberg, John D. Bowling, and 
James £. McMurtrey, Jr, 

Bureau of Plant Industry , Soils, and Agricultural 
Engineering, Beltsville, Maryland 

Studies with Maryland Medium Broadleaf tobacco 
seedlings in aseptic culture (3, 4) have disclosed that 
slight excesses of amino acids in the medium led to the 
formation of characteristic growth abnormalities and 
chloroses. The symptoms of toxicity covered a wide 
range but were specific for each amino acid. Admixtures 
in some cases led to appearance of new abnormalities. 
Most effective was L(-)-hydroxyproline (3 ppm), the 
seedlings being killed at 6 ppm. A close approximation 
of the extreme symptoms of frenching was produced with 
the natural amino acid, L(-b)-isoleucine (100 ppm); 
the unnatural isomer being relatively ineffective. These 
growth, abnormalities included inhibition of stem and 
branch elongation, accelerated development of the leaves 
in the axillary buds, and reticular chlorosis of newly 
expanded leaves, together with greatly reduced leaf 
laminae ("strap leaves 7 '). Increased leaf number was 
a prominent feature. 

Similar responses to amino acids have now been ob¬ 
tained with tobacco plants growing in water-culture and 
soil. Frenching of oriental Xanthi tobacco was obtained 
with DL-isoleuclne at 20 ppm in water-culture, Partially 
sterilised soil required very large quantities, however, in 
order to produce the symptoms of frenching in Connecti¬ 
cut Broadloaf and Xanthi tobacco. 

Large scale analytical studies with field plants of 
Maryland Medium Broadleaf tobacco have afforded 
some confirmation of the interpretation that excessive 
accumulation of free amino acids in the plant may be 
- a primary cause of symptom formation in certain abnor¬ 
malities. Free amino acids in leaf laminae of mildly 
freached plants increased to a maximum of 121% above 
normal, J. L. Stokes of Merck and Company estimated 
the corresponding increase for L(+)-i«oleucine to be 
50%, Free amino acids in leaf laminae of plants showing 
symptoms of mineral deficiencies increased with nitrogen 
deficiency by 82% j phosphorus, 48% ; potassium, 
calcium, 120%; magnesium, 283%; and boron, 27%. 
These values are maxima. They confirm and extend 4he 
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date of mineral deficiency studies with green plants 

<*,«• 

The increases in free amino acids are considered to be 
evidence that these chemical elements participate in pro¬ 
tein metabolism, and that formation of symptoms is pri¬ 
marily due to the localized action of excessively accumu¬ 
lated normal metabolites. Growth responses and chlo- 
roses with amino acids are of sufficient variety to include 
many of the individual symptoms comprising the syn¬ 
dromes displayed with mineral deficiencies. Except pos¬ 
sibly foT magnesium, breakdown of chlorophyll in min¬ 
eral deficiency is, therefore, not necessarily indicative 
of mineral participation in chlorophyll formation, as has 
often been assumed. The probable participation of the 
chemical elements in the enzymes regulating protein 
metabolism warrants the exercise of caution in asso¬ 
ciating specific mineral deficiencies with physiological 
processes in the plant. Drastic interference in the basic 
function of the plant should cause a breakdown in all 
physiological processes at varying rates. 

References 
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Annual Variation in Nicotine Content 
of Tobacco 

Earl W. Floidorf and Arthur W. Palmer 
BayttA Cigar $ l»c„ Philadelphia 

In connection with the change in nicotine content dur¬ 
ing fermentation of cigar leaf tobacco of the Pennsyl¬ 
vania Seedleaf variety, Frankenburg (I) has given data 
for crops of four different years. This percentage is 
given before and after * * swent 99 by the manufacturer, 
which is usually referred to os u final forced fermenta¬ 
tion. 99 In addition to reduction in nicotine content dur¬ 
ing this stage, there is a reduction in the curing by the 
farmer before the manufacturer purchases the tobacco. 
Then there is reduction during storage fermentation by 
the manufacturer before the tobacco is put into final 
forced fermentation. In our laboratory, tobacco, as re¬ 
ceived by the manfacturer from the farmer after shed- 
curing, has been analyzed for alkaloids routinely for a 
period of more than 20 years. Table 1 shows the varia¬ 
tion from year to year over that period. 

The data in the table for the years 1936, 1038, 1930, 
and 1941 are somewhat higher than those reported ,by 
Frankenburg for the same years. This is to be expected, 
inasmuch as the data were obtained with tobaccos as re¬ 
ceived from the farmers, so there was no loss from any 
processing by the manufacturer. 

The results include nor-nicotine and other alkaloids 
which are present in trace amounts and for that reason 
theis reported as total alkaloids. Bach 
year's eroprepteseUtB an average of tobaccos grown by 


about 100 different farmers. Five leaves were taken 
from each of three hands distributed throughout one 
bundle from each farmer’s tobacco. The leaves from 

TABLE 1 

At.kai.oxds in Tobacco a Fruit Curing 


Crop 

Totnl alkaloids 
(oven-dried basis) 

pH 


% 


1027 

8.1 


1028 

2.8 


1020 

4.6 

., 

1930 

6.0 

5.8 

1031 

8.8 

6.0 

1032 

6.0 

5.2 

1933 

2.5 

5.8 

1934 

3.0 

7.8 

loan 

4.5 

6.5 

1030 

4.3 

0.4 

1038 

3.1 

■ « 

1039 

8.0 


1940 

8.2 

6.2 

1041 

4.1 

5.4 

1042 

3.1 

6.7 

1043 

5.0 

6.2 

1944 

8.6 

6.5 

1945 

2.8 

6.8 

1040 

2.9 

6,5 

1947 

4.2 

6.8 

1948 

s.in 

6.5 


all these locations were ground and mixed to produce a 
uniform sample. By quartering, a final representative 
sample was obtained for analysis. 

In addition to the representative sample for each year’s 
crop, individual farmers’ tobaccos have been analyzed. 
It h&B been found that from farmer to farmer there is 
variation in any given year, with some tobaccos having as 
little as half of the average for the year and others as 
much as 50% more. However, normally over 00% of the 
individual farmers ’ tobaccos do not vary more than about 
±10% from the average for the year. This uniformity 
is to be expected, inasmuch as the tobacco represents only 
that grown in the general vicinity of Lancaster, Pennsyl¬ 
vania. Where variations do occur, they represent differ¬ 
ences from field to field, depending upon the soil, ferti¬ 
lizer, seed, and variations in rainfall occurring between 
the time of early and late harvesting of crops by differ¬ 
ent farmers. There is no relation between pH and alka¬ 
loid content, 

Plotting the average alkaloid content for the various 
years against the amount of rainfall during the growing 
season shows a definite trend of higher alkaloid content 
in tobaccos grown in dry seasons. By breaking this down 
into months, it is found that the influence of rainfall on 
the alkaloid content is somewhat greater towards the end 
of the growing season, as the time of harvest approaches. 

As a further point of interest, individual crops have 
been followed through complete manufacturing opera¬ 
tions, including all fermentation. The average amount 
of alkaloid reduction is about 40%, all based on oven- 
dried samples. In certain extreme conditions, this may 
beuelittie as 20%, or as much as S0% reduction. This 
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amount of reduction may be controlled and generally it 
is kept close to the average percentage mentioned. 

Reference 

1, Frank£nbttro, W. G. Science, 1048, 107, 427. 

Simplified Preparative Electrophoresis 
at Room Temperature 1 

Harold A. Abramson 2 

Biological Laboratory, 

Cold Spring Harbor , New York 

Many attempts have been made to adapt the separation 
of electrically charged ions like proteins to simple equip¬ 
ment operable at room temperature. Membranes, sand 
barriers, gels, and jellies have been used to immobilise 
the material and thus prevent convection from mixing the 
protein in a solution, P, with the adjacent buffer solu¬ 
tion, B. Tiselius (J) points out that asido from optical 
observations his method increases the potential gradient 
in the U-tube without undesirable heat convection, simpli¬ 
fies sampling, and avoids disturbing electrolytic processes. 

The equipment for the preparative method described 
horo costs less than $50. It suitably embodies the advan¬ 
tages of the Tiselius method just mentioned, and is espe¬ 
cially adaptable for use at room temperature without any 
temperature control. The technique employs a modifica¬ 
tion of the classical U-tubo with large side vessels for 
electrodes (carbons or reversible electrodes). Tail-hole 
stopcocks are used for withdrawing samples at the side, 
or a two-way stopcock at the bottom of the U-tube is em¬ 
ployed for forming the boundary and draining the elec- 
trophoretically purified fractions from either side of the 
U-tube, The method depends upon controlling solutions 
B and P so that they will have different densities, vis¬ 
cosities, pH's, and conductances as follows: solution B 
(supernatant) will have a high coefficient of viscosity at 
the pH of the isoelectric point of the protein contained 
in solution P, to be immobilised in the lower part of the 
U-tube; solution B will have a density considerably less 
than solution P, so that ub the boundary F-B is formed, a 
well defined boundary, stable enough for preparative elec¬ 
trophoresis results. Typical solutions used by the writer 
and his co-workers (£) for t he past year for the separa¬ 
tion of trifldin and artefolin (I), the unpigmented frac¬ 
tions of giant and dwarf ragweed extracts, have been* 
B = 40% glycerol at pH 6.8; F s= 50% glycerol extract of 
ragweed pollen. The electrical conductance of solutions 
B and P in the separation should be regulated so that as 
little electrolyte as convenient is in P, with a suitable 
amount in B, to control the pH and drop in potential at 
the beginning of the separation, Tor example, in the 
case of ragweed extracts, no saline was added to the rag¬ 
weed to be fractionated in solution P. The 40% glycerol 

* Aids* la part by a grant from Joeioh Macy Jr, Foundation. 

403 iast 58th Street* New York City, 


in B contained M/35 phosphate buffer at pH 6,8. Thus 
initially the main drop in potential was across the mate^ 
rial to be separated and fractionation was facilitated. 
A striking experiment demonstrating this technique may 
be made by having solution B at about pH 6.8 employing 
m/15 phosphate buffer in 40% glycerine, with solution 
P, a ipixture of hemoglobin and T-1824 (a negatively 
ct^rged dye), in 50% glycerine. At this pH, the isoelec¬ 
tric point of hemoglobin is eleetrophoretically fixed at 
the boundaries, whereas the dye T-1824 migrates out of 
the mixture to the anode, leaving the hemoglobin with a 
fairly sharp boundary at the negative side after 24 hi. 

It may be emphasised that our biethod utilizes New¬ 
tonian or truly viscous liquids. The convection ordinarily 
resulting from the application of 450 volts to n U-tube, 

TABLE 1 

Comparison of* Formation of Classical Tissors 
BOPNOARIRS AND THOR® OF THU 
Modified Thchniqub 


Tiselius method Method reported herein 

Conductance B* * Conductance B » conductance P 

conductance Pt 

Viscosity B » viscosity P Viscosity B < viscosity P 
Densltr B » Density B < density P 

or slightly less than P 

pH of 11 pH of P The pH of B nt or close to iso¬ 

electric point of protein to be 
separated in solution P 

Temperature controlled Room temperature fluctuations— 
at or near 4* C no temperature control 

* Supernatant solution. 

t Lower protein solution. Note that Iwth P and B hare 
Newtonian flow. 

60 cm long wit!) an internal diameter of 1.0 cm, at room 
temperature is avoided by the use of only high viscosities, 
not plasticities. No membranes, jellies, or similar me¬ 
chanical devices are required. The temperature in the 
laboratories at Cold Spring Harbor during the summer 
of 1948 varied considerably over 24 hr but did not disturb 
the boundaries for preparative purposes during 4-day 
electrophoretic separations. The apparatus can be read¬ 
ily used in an ice chest. If room temperature does not 
destroy the material to be studied, it is preferable not 
only because of simplicity but also because the mobilities 
are greater at this temperature. 

Table 1 summarizes the differences in preparative pro¬ 
cedures with the classical method of Tiselius and the 
method herein described^ 

The fractionation experiments based upon this tech¬ 
nique will soon be reported in detail (£). The early 
experiments were done with C. Reiter and M. Loebl. 

.. . Refessaesa 
4- AMtAMwoK, H. A. A**. Allergy, 

2. Abramson, H, A: eft. Tp be published 
8. Tissues, A* XX international Congress *f Pure sad 
Applied Chemistry, London* Supplement to ohwn- 
■ ■ and 4n<*«*frp, 1948, p. & 
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Comments and 
Communications 

Natural Vegetation in the Willamette Valley 

The letter from J, E. Smith on “ Natural Vegeta- 
tion in the Willamette Valley, Oregon M (Science, 1949, 
109, 42) clearly points out the need for historical records 
in ecological studies. In the Nisqually River drainage 
area south of the city of Tacoma, Washington, the vege¬ 
tation type map shows extensive areas of young Douglas 
flr forest. Much of this originally was prairie grassland, 
according to records of the early settlers. In less than 
a century the prairies have changed to forest, after rather 
heavy grazing by domestic livestock. Previously the prai¬ 
rie was only lightly grazed by game animals, and occa¬ 
sional flash flres kept the brush and conifers out. 

To the southwest, below Tenino, lies the section of 
this old prairie country in which the Mima mounds thickly 
dot the landscape. Numerous interesting theories to ac¬ 
count for their formation have been put forth. They have 
been attributed to eddy currents at the time the area was 
submerged beneath Puget Bound, to surface erosion under 
peculiar conditions, to the work of Indian tribes, to ant 
hills, to glacial action, etc. Victor B. Scheffer, in “The 
Mystery of the Mima Mounds 0 (The Scientific Monthly , 
1947, 65, 283), proposes the theory that they wore built 
by families or colonies of pocket gophers. While his evi¬ 
dence is indirect, he makes a reasonable development. 
Proponents of the glacier action source hold that no 
gopher ever carried big stones uphill, and point to the 
presence of rounded stones and boulders in the upper 
parts of the mounds. And so it goes. Hero a geologi¬ 
cally long historical record is needed to settle the matter. 

Sometimes reconstructions from fossil records tell 
the story. R. W. Chaney brings this out very nicely in 
Ancient forests of Oregon: A study of earth history in 
Western America. Recent ecological studies by other sci¬ 
entists show the present stage of vegetation; the paleo¬ 
botanies! studies demonstrate its development. Ecology, 
to explain its present findings properly, generally must 
depend on indisputable interpretation of related evidence 
from the past. 

Portland, Oregon W. E. Bullabb 

Thermal Coefficient of the Refractive 
Index of Water 

A recent technical paper by Antonoff and Conan (Hoi- 
enoe, 1949, 109, 955) Reports a discontinuity in the ther¬ 
mal expansion coefficient of water near 50.5* C, We hare 
been measuring a direct method (Hawkes, J\ B, and 
Aftheinwr, & J. Opt Soe* Ainer., 1948, 36, 617), the 
thermal eoefficlent of the index of ref ruction of Water up 
to 58* C. Continuous observation {le. fringe counting) 
Is teherei^ totwe hare 'idb ^ 


The well-known relation between refractive index and 
density, 



can be used to interpret the results for the density, found 
by Antonoff and Conan, in terms of the thermal coeffi¬ 
cient of the index, which we have measured. Results are 
given in Table 1, with P (above) as 0.20616 cgs units. 

TABLE 1 


EsHtmitf'd from Antonoff ft Conan Observed 


T (°C) 

M xl0 . 

I IT “ 

£»»• 

&>><" 

40 

- 4,9 

- 1.80 

- 1.04 

30 

5.7 

- 2.09 

- 1.00 


tt.O 

- 2.20 


30.3 

- 3.0 

-1.30 

1.UT 

ni 

- 3.0 

1.82 

- 1.0s 

32 

-4,4 

-1.61 

- 1.70 

These values are plotted in 

Fig. 1. 

The Antonoff and 

Conan values are estimated from their published curve; 


those of Hnwkes and Astheimer by observations. 
is. 



If the density of water does behave with temperature 
fts reported by AntonofiP and Conan, and if our results 
on the thermal coefficient of the refractive index are 
correct, there must be a precisely compensating discon¬ 
tinuity in the value of the Lorents constant, P, at 50.5* C. 

Jims B. Eawkes and Robbet W. Asthbimbb 
Stevens Institute of Technology, 

Boboiom, Wm Jersey 





NEWS 
and Notes 


Edward C. Creutx, head of the 
Physics Department at Carnegie In¬ 
stitute of Technology, has been ap¬ 
pointed director of the Carnegie Nu¬ 
clear Research Center at Saxonburg, 
Pennsylvania. The recently estab¬ 
lished center houses the institute’s 
400-Mev synchrocyclotron, which is 
expected to go into operation next 
spring. 

George B. Creseey, of Syracuse 
University’s Department of Geog¬ 
raphy, is visiting Latin America on 
behalf of the International Geogra¬ 
phical Union, of which he is presi¬ 
dent. He will return by mid- 
February. The trip, which is partly 
financed by Unesco, is taking him to 
13 countries. 

Lincoln R. Thiesmeyer has re¬ 
signed as executive assistant to the 
director of Brookh&ven National 
Laboratory to become president of 
the Canadian Pulp and Paper Re¬ 
search Corporation. A program to 
intensify scientific research and 
training in engineering and chem¬ 
istry is planned, under the joint 
sponsorship of the corporation, Mc¬ 
Gill University, and the Dominion 
government. 

Ernest R. Kaswell, associate di¬ 
rector of research at Fabric Re¬ 
search Laboratories, Inc., Boston, 
has been elected a Fellow of the Tex¬ 
tile Institute of Great Britain. Mr. 
Kaswell received the award in recog¬ 
nition of his research in the low tem¬ 
perature characteristics of textile 
materials and the stripping of colors 
from wool to permit its re-use. 

H. E. King, formerly senior re¬ 
search scientist at the New York 
State Psychiatric Institute, and 
Kathleen M. Young, formerly pay. 
chologiat lot the Children’s Group, 
Rockland State Hospital, New York, 
have both received appointments as 
assistant profeseor of psychiatry at 
the Tulane University School of 
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Medicine and as visiting scientist at 
the Charity Hospital of Louisiana. 
Dr. King will conduct research in 
psychopathology and human brain 
function; Dr. Young will be in 
charge of all clinical psychological 
services of the Tulane Psychiatric 
Clinic. 

* 

Helen Dodson has been appointed 
associate professor of astronomy at 
the University of Michigan, effective 
July 1. At that time she will~con- 
clude her present part-time appoint¬ 
ment witfi Goueher College at Balti¬ 
more and devote full time to the 
solar research she has been doing at 
the McMath Hulbert Observatory at 
Lake Angelus. 

Carl L* Larson, assistant chief of 
the Laboratory of Infectious Dis¬ 
eases, National Institutes of Health, 
Bethesda, Maryland, has been ap¬ 
pointed head of the Rocky Mountain 
Laboratory, Hamilton, Montana. Dr. 
Larson succeeds the late Ralph R. 
Parker. 

Roy L. Lowora, professor of 
agronomy at North Carolina State 
College, and agent, Division of For¬ 
age Crops and Diseases, U. S, De¬ 
partment of Agriculture, has been 
named head of the recently created 
Division of Weed Investigations, 
Bureau of Plant Industry, Soils, and 
Agricultural Engineering, at Belts- 
ville, Maryland. He will assume his 
new duties January 16. 

Two new staff appointments in the 
State University of Iowa’s College 
Of Medicine arc James W. Culbert¬ 
son, of the Boston University of 
Medicine, who has been appointed as¬ 
sistant professor of internal medicine 
and director of the Laboratory for 
Cardiovascular Research, and Paul 
M. Seebohm, who will be an asso¬ 
ciate in the Department of Internal 
Medicine and will also direct the 
Allergy Clinic at the university hos¬ 
pitals. 

Nicholas E. Golovin has been ap¬ 
pointed assistant to the director of 
the National Bureau of Standards. 
PrioT to joining the bureau in April 
of this year, Mr. Golovin beaded the 
Management Division on the Staff 
of the Commander, Naval Ordnance 
Test Station, Inyokern* California. 
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Visitors to U* S. 

G. E. Andrd and C. C. Tavernier, * 
of the Union Minifere, Brussels, Bel¬ 
gium; peter Baertschi, of the Insti¬ 
tute of Physical Chemistry, Univer¬ 
sity of Basel, Switzerland, who is at 
present at the University of Chi¬ 
cago; Andrd Gir&ud, chemical engi¬ 
neer, Direction dee Carburants, 
Paris; Hans G. Lind, head of the 
Testing Laboratory, Aktiebolaget' 
Nyborgs YllefaJjrik, Norrkoping, 
Sweden; and Olle Svensson, honor¬ 
ary fellow of the American-Seandi- 
navian Foundation, and representing 
the AB Bofors Nobelkrut, Bofors, 
Sweden, recently visited the National 
Bureau of Standards. 

Leone Lattes, chairman of the 
Department of Medical Jurispru¬ 
dence at the University of Pavin, 
Italy, will present four lectures on 
legal medicine in Chicago December 
5, 7, 8, and 10. The first three will 
be held at the Chicago Medical 
School, the fourth at Mount Sinai 
Hospital. All lectures will begin at 
12: 30 p.m. 

Grants and Awards 

Qrant*-in-aid totaling 1100.000 
for unrestricted use in fundamental 
chemical research have been author¬ 
ized for the second year by the Du¬ 
Pont Company. Institutions to re¬ 
ceive $10,000 each for 1050-61 are 
California Institute of Technology, 
Cornell University, Harvard Uni* 
varsity, Massachusetts Institute of 
Technology, Ohio State University, 
Princeton University, Yale Univer¬ 
sity, University of Illinois, Univer¬ 
sity of Minnesota, and the University 
of Wisconsin. All of the schools re¬ 
ceived similar awards from the com¬ 
pany last year when the plan was 
inaugurated on a trial basis with the 
aim of increasing fundamental re¬ 
search in this country. 

Sharp find Dohme, Inc., of Phila¬ 
delphia, has awarded research grants 
to Samuel L. Meyer and Lowell F. 
Bailey, of the Department of Botany, 
University Tennessee, and 
Brieger, of Jefferson Medical Cob 
' lege, Philadelphia. The grant to Dr* 
Meyer and Piet isin support 

of their investigation on antie^AtaA 
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Dr. Brieger *u grant is for clinical 
studies on tetraethylthiuram disul¬ 
fide. 

The Rumford Medal of the Amer¬ 
ican Academy of Arts and Sciences 
was presented to Ira S. Bowen, direc¬ 
tor of the Mt. Wilson and Palomar 
Observatories. Dr. Bowen received 
the medal for Ms work in spectros¬ 
copy, and particularly for his ex¬ 
planation of the spectral lines of ne- 
bulium. 

The first Harold DeWitt Smith 
Memorial Medal will be presented 
to Herbert F. Bchiefer, of the Na¬ 
tional Bureau of Standards' textile 
laboratory, at the spring meeting of 
the American Society for Testing 
Materials. Dr. Schiefer will receive 
the award in recognition of his work 
in the utilization of textile fibers. 

The DuPont Company, of Wil¬ 
mington, Delaware, has announced 
the award of 76 postgraduate and 
postdoctoral fellowships, amounting 
to $224,000, to 47 universities for 
the 1950-51 academic year. Of the 
70 postgraduate fellowships, 45 are 
in chemistry, .15 in chemical engi¬ 
neering, 5 in mechanical engineering, 
3 in physics, and 2 in metallurgy, 
The 6 postdoctoral fellowships are 
for work in chemistry. 

The Medical Library Associa¬ 
tion scholarships for 1949-50 have 
been granted to three foreign medi¬ 
cal librarians. The recipients are 
Rrioa Emma Johannaen Oehrens , as¬ 
sistant librarian at United Nations 
Economic Commission for Latin 
America, Santiago, Chile; J tleana 
Jnee Johannsen Oehrens , assistant in 
the School of Health Library, Uni* 
varsity of Chile; and Juan Carloe 
Seeondi, medical student and a grad¬ 
uate of the Library School, Univer¬ 
sity of Montevideo. 

Fellowships 

A graduate fellowship in gao- 
physical a ngimw ring baa been astab- 
Ilafetd at the Colorado School of 
MIum by the Standard Oil Coinpany 
of fauna. The fellowship provides 
41,850 a year pins an additional 
amount for oapenaas incident to : tbe. 
programof study. It has as ita ob¬ 


jective the encouragement of grad- 
uatc study in the field of petroleum 
exploration by geophysics. 

Armour Research Foundation of 
Illinois Institute of Technology 
will offer industrial research fellow¬ 
ships in physicB, chemistry, metal- 
lurgy, ceramics, mechanics, and elec¬ 
trical engineering for a 21-month 
period beginning in September, 1950. 
Awards will be made to graduates un¬ 
der 28 years of age who hold a B.A. 
from an accredited engineering or 
scientific school or from a liberal arts 
college with a major in science. Fel¬ 
lows will receive, in addition to full 
tuition, a monthly stipend of $150 
during the first academic year, $275 
during the summer, and $175 during 
the second academic year. Appli¬ 
cation forms may be obtained from 
the Dean of the Graduate School, 
Illinois Institute of Technology, and 
should be submitted by March IS. 

Ten research fellowships in the 
fields of medicine, dentistry, and 
pharmacy will be awarded by the 
University of Illinois Graduate Col 
lege, Chicago. In addition to tui¬ 
tion, the fellowships carry stipends 
of $1,800 per year for medical and 
dental graduates and $1,200 for 
pharmacy graduates. Application 
blanks may be obtained from the 
Assistant Dean, The Graduate Col¬ 
lege, University of Illinois, 808 
South Wood Street, Chicago 12, 

A research fellowship for the study 
of triglyceride fats and oils has 
been established at the University 
of Pittsburgh by Armour and Com¬ 
pany. It will provide an allotment 
of $2,500 yearly for a period of three 
years. The fellowship, which will be 
used by a graduate student to bo 
selected later, is under the direction 
of Bernard F. Daubert, research pro¬ 
fessor and administrator in the uni¬ 
versity *s Chemistry Department, 

The Illinois Institute of Tech¬ 
nology is accepting applications for 
the 1950 Westinghouse Fellowship in 
power systems engineering, consist¬ 
ing of $1,500 and tuition for three 
semesters of full-time training lead¬ 
ing to an MB, degree in electrical 
engineering* Candidates must have 
a bachelor's degree in ekotrical en¬ 
gineering from an accredited engi¬ 


neering college. Term of fellowship 
will begin September, I960* Appli¬ 
cations must be received by March 
IS, The winner will be announced 
April 1. Further information and 
application blanks may be obtained 
from the Dean of the Graduate 
School, Illinois Institute of Tech¬ 
nology, Chicago 16. 

Colleges and Universities 

The Arctic Institute of North 
America has established an office at 
The Johns Hopkins University 
which will coordinate the institute's 
existing arctic research projects and 
originate new ones. This is the 
second arctic research project to 
become associated with Johns Hop¬ 
kins (see Science, December 9, page 
647). 

M. C. Shelesnyak will head the of¬ 
fice, with headquarters in the Isaiah 
Bowman School of Geography. He 
was one of the original fellows of the 
institute and more recently was head 
of the Ecology Branch of the Office 
of Naval Research. He has also been 
appointed lecturer in ecology at 
Johns Hopkins. 

The institute staff will work closely 
with the Bowman School of Geog¬ 
raphy, the Walter Hines Page School 
of International Eolations, and other 
related scientific departments at 
Johns Hopkins. Other institute of¬ 
fices are at MeGill University in 
Montreal and at the American Geo¬ 
graphical Society in New York City. 

A course in International Eeo - 
nomic Cooperation has been estab¬ 
lished at New York University 
through a gift of $5,000 donated by 
the Netherlands American Founda¬ 
tion and the Belgian American Edu¬ 
cational Foundation, Inc. Dr. Jan 
Goris, Commissioner of Information 
for Belgium in the U. fl., will direct 
the new course. It is entitled "Ex¬ 
periments in International Economic 
Cooperation with Special Reference 
to the Benelux," and will be a two- 
year Course. 

Industrial Laboratories 

Lever Brothers Company, New 
York City, recently announced three 
new appointments: Marvin X Mull, 
director of the Central laboratories 
of the Kraft Foods Company, a* 
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associate director of research; 
Ghent* T. Walling, former member 
of the staff of the general labora¬ 
tories of the U. 8. Robber Company, 
as chief supervisor of organic re¬ 
search; and Leonard J. Vinson, su¬ 
pervisor of research on biochemical 
problems at the Armour Research 
Foundation, Chicago, as chief super¬ 
visor of biological research in 
Lever's Basic Laboratories Division. 
Until the completion of the com¬ 
pany's new research center at Edge- 
water, New Jersey, the new members 
of the staff will be located at the 
present headquarters in Cambridge, 
Massachusetts. 

Cuthbert C.* Hurd, former research 
head at Oak Ridge, Tennessee, has 
been named director of the Applied 
Science Department at International 
Business Machines Corporation, 
New York City. At Oak Ridge, Dr. 
Hurd was also chairman of a commit¬ 
tee on technical calculation proced¬ 
ures at the Gaseous Diffusion Plant, 

A gift of $30,000, to be used for 
the establishment of a pharmacy, has 
been presented by the A. H. Robins 
Company to the Richmond Memorial 
Hospital fund. The 321-bed hos¬ 
pital, which will be located in a part 
of Richmond not now served by a 
hospital, was proposed as the result 
of a survey of the city's hospital 
needs Conducted by Robin C. Buerki, 
of the University of Pennsylvania. 

Meetings and Elections 

Industrial and Safety Problems 
of Nuclear Technology will be the 
subject of a three-day conference be¬ 
ginning January 10, to be held by 
New York University in cooperation 
with the U. 8. Atomic Energy Com¬ 
mission. The purpose of the confer¬ 
ence, which will take place at the 
General Electric Auditorium, New 
York City, is to encourage a wider 
and safer use of radioactive ma¬ 
terials. It is sponsored by the Di¬ 
vision of General Blucation and the 
Center for Safety Education of New 
York University. 

The National Speleological. So¬ 
ciety will meet January 14 at the 
Philadelphia Academy of Natural 
Seienees, J^ilafieiphilu Inquiries 


should be addressed to Mrs. Ellen 
Moffett, Secretary, 2702 Wisconsin 
Avenue, N.W., Washington, D. C. 
Dates for the first international con¬ 
gress of speleological societies have 
been set for May 27-30. The con¬ 
gress will be in Monterrey, Mexico. 

■> 

The Division of Itigh Polymer 
Physics of the Americnit Physical 
Society will hold its 7th meeting in 
New York City, February 2-4. Most 
sessions will take place at the Poly¬ 
technic Institute of Brooklyn! A 
feature of the meeting is a sym¬ 
posium on stress phenomena from the 
viewpoint of solid state and high 
polymer physics, to be presented at 
Columbia University on February 3, 

U. S. scientists who have been in¬ 
vited to attend the symposium “La 
Structure et la Physiologic des 
Societes Animales,” to be held in 
Paris March 13-25, are W. C. Allee, 
Department of Zoology, University 
of Chicago; C. R. Carpenter, Depart¬ 
ment of Psychology, Pennsylvania 
State College; A. E. Emerson, De¬ 
partment of Zoology, University of 
Chicago; and T. G. Schneirla, Amer¬ 
ican Museum of Natural History, 
New York City. 

Officers elected for 1950 at a three- 
society meeting in Memphis, Tennes¬ 
see, last month are: American So¬ 
ciety of Tropical Medicine: presi¬ 
dent elect, Paul F. Russell, Rocke¬ 
feller Foundation, New York City; 
vice president, F, J. Brady, U. 8. 
Public Health Service, Bethesda, 
Maryland; and secretary-treasurer, 
Quentin Geiman, Harvard Univer¬ 
sity, Boston. American Academy 
of Tropical Medicine: president, E. 
C. Faust, Tuiane University, New 
Orleans j vice president, Fred L 4 So¬ 
per, Pan American Sanitary Bureau, 
Washington, D. C.; Clay G. Huff, 
Naval Medical Research Institute, 
USN Medical Center, Bethesda; 
treasurer, H. E, Meleney, New York 
University School of Medicine. Na- 
tional Malaria Society: president, 
Paul F. Russell, Rockefeller Foun¬ 
dation ; president elect, Justin M. An¬ 
drews, 17, 8. Public Health Service, 
Atlanta, Georgia; vice president, W. 
H, W. Komp* U 8. Public Health 
Service, Bethesda, Maryland:; seere- 
tary-Ueaeurer, Martin D. Young, 


December 30,1049, Vert. 110 


U. 8. Public Health Service, Colum¬ 
bia, South Carolina. 

The Society of American Forest¬ 
ers has elected Charles F. Evans, as¬ 
sistant regional forester for the 
southern region of the U. 8. Forest 
Service, to serve as president for the 
two-year term 1950-51. He succeeds 
Clyde S. Martin, of Tacoma, Wash¬ 
ington. Clarence S. Herr, resident 
woods manager of the Brown Com¬ 
pany, Berlin, New Hampshire, was 
elected vice president. 

Deaths 

William J. Bonisteel botanist, 
died December 12 in Mexico City of 
a cerebral hemorrhage. He was 67 
yearB old. Dr, Bonistoel was research 
director of Cia Minora Sta, Lucia, 
S. A., Mexico, and had been doing 
research in plant breeding and rare 
earth minerals in Mexico. 

John Stanley Coulter, chairman 
of the Department of Physical Medi¬ 
cine at Northwest University Medi¬ 
cal School, died at his home in We^t* 
ville, Indiana at the age of 04. Dr. 
Coulter was an authority on rehabili¬ 
tation and in 1943 received the Gold 
Key Award of the American Con¬ 
gress of Physical Medicine, 


Atomic Energy Commission lab¬ 
oratories issued 57 declassified and 
unclassified reports last month in 
the fields of biology and medicine, 
chemistry, engineering, mineralogy, 
metallurgy and ceramics, and phys¬ 
ics. Subjects reported on include 
the effect of low dosages of radia¬ 
tion upon blood counts of individ¬ 
uals exposed to ionising radiation; 
a leak detection method in industrial 
chemical processing systems, origi¬ 
nally developed at the tJniversity of 
California's Radiation Laboratory 
in 1943; a low cost production 
method for industrial fluorine; and 
the lattist results in the measurement 
of the heat of vaporisation and vapor 
pressure of graphite. A complete 
list of the reports aid information 
onhow to get any of them may bo 
obtained from, the ^mnest firias 
Agency, Atomic Energy Conimlssiou, 
Box E, Oak Ridge, Tennessee, v 
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Dialyzing Membrane, Simple Double- 
Surface, 259 * 

2.4- D Group, Histological Effects of 
Treatments with Growth regulating 
Substances of, 235 
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Dispersion Staining with Phase Con¬ 
trast Microscope Accessories; Micro¬ 
scopic Identification of Quartz, 237 
Distributions, Separating Frequency, 
into Two Normal Components, 500 
Dog, On Mental Ability of, 666- 
Double-Surface Dialyzing Membrane, 
Simple, 259 

Dramamine and Motion Sickness, 170 
Treatment of Nausea and Vomiting 
of Pregnancy with, Preliminary 
Report, 215 

Drugs, Chinese, Survey of, for Pres¬ 
ence of Antibacterial Substances, 11 
Dystrophy, Muscular, Chemical Nature 
of Factor in Hog Stomach Extracts 
That Reduces Creatinurin of, 531 

£ 

Earth’s Magnetic Vector, Airborne 
Magnetometer for Measuring, 377 
Earthworm Species, Lumbrious oas- 
taneus Savigny 1820, Supposedly 
Refractory, Six-Segment Head Re¬ 
generate in, 567 

Ecologic and Climatic Factors, Es¬ 
pecially Temperature, New Appara¬ 
tus for Recording of, 506 
Education, General, in College, Discus¬ 
sion of Science Courses for; The 
Good Name of Science, 599 
Egg White, Mixture of Proteins from, 
Chromatographic Analysis of, 564 
Eggs of Floodwatcr Mosquitoes, 
Hatching, in Media that Promote 
Plant Growth, 504 

(Eggs) see Increasing Efficiency of 
Laying Hen, 46 

Electrocardiograms, Optically Record¬ 
ing Contractions and, from Isolated 
Frog Hearts, Method of, 401 
Electrochemical Thermodynamics and 
Kinetics, Committee on, 435 
Electrochemistry, Anode-Cathode La¬ 
beling in, 148 

Electrolytically Induced Reactions, 061 
Electron Microscope, Radiation Sur¬ 
vey of X-Ray Output of, from Per¬ 
sonnel Hazard Viewpoint, 376 
Electron Microscopy of Animal Chro¬ 
mosomes, Smear Preparations for, 5 
Electronic Enhancement of X-Ray 
Film Contrast, 481 

. iat 



Electrophoresis at Boom Temperature, 
Simplified Preparative, 716 
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Lysine, Chromatographic Estimation 
of, and Some Applications of 
Method, 168 

Separation of Ionic Species of, by 



Means of Partition Chromatog¬ 
raphy* 590 
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ture Studies with, 161 
Silicones in Aerobiology, Use of, 187 
Skin Temperature of Extremity as 
Measure of Its Blood Flow, 422 
* i Social Responsibility, * * Chisholm’s, 
in Criticism of, 170 
Social Science, Challenge to, 179 
Sciences, On Application of Scien¬ 
tific Procedure to, 120 
(Social science) a<?e Scientific Inquiry 
and Scientific Method, 491 
Society for Social Responsibility in 
Science, 406 

Sodium Bicarbonate, Labeled, JBody 
Retention of Carbon 14 from, 306 
Sodium-n-Glutamate (Monoeodium 
G i u t a mat e), Microcrystullo- 

graphic Data on, 304 
Correction, 404 

Sodium Hydroxide, Btaup-a#4f 
fect of, npon Lena Oapsnle and Cor¬ 
tex (SquaBw wp>>, 568 
Bedium 


SCIENCE 





phenylphosphinite, Probable Methyl 
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